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Capitolo 1

Background

1.1 Operatori matematici

* Package:
¢ Description: addizione
¢ Example:

> 1 + 2

> X <= C(ll 2/ 3! 4/ 5)
> x + 10

[1] 11 12 13 14 15

(=]
* Package:
¢ Description: sottrazione
¢ Example:

> 1.2 - 6.7

[1] -5.5

(1] -0.2 -1.4 -2.2 0.5 -2.8

> x <— c(1, 2, 3, 4, 5)
> x — 10

[1] -9 -8 -7 -6 -5




Background

[*]

> Inf - Inf

[1] NaN
> —=3
[1] 3

* Package:
¢ Description: moltiplicazione
¢ Example:

> 2.3 % 4

[1] 9.2

VvV Vv
w X

* X
[1] 3.6 10.2 16.8 23.4 0.0 29.4
> x <- c¢(1, 2, 3, 4, 5

14
>y <- c(-3.2, -2.2, -1
> X %y

7

[1] -3.2 -4.4 -3.6 -0.8 4.0 10.8 19.6

* Package:
¢ Description: rapporto
¢ Example:

> 21/7
[11 3

> x <- c¢(1.2, 3.4, 5.6, 7.8, 0, 9.8)
> x/2

[1] 0.6 1.7 2.8 3.9 0.0 4.9
> 2/0

[1] Inf

> -1/0

[1] —-Inf

> 0/0

<-c(l1.2, 3.4, 5.6, 7.8, 0, 9.8)

6
.2, -0.2, 0.8,




1.1 Operatori matematici

[1] NaN
> Inf/Inf
[1] NaN
> Inf/0
[1] Inf
> —-Inf/0
[1] —-Inf

> x <- c(1,
>y <—- c(-3
> y/x

2, 3, 4, 5, 6, 7)
.2, -2.2, -1.2, -0.2, 0.8, 1.8, 2.8)

(1] -3.20 -1.10 -0.40 -0.05 0.16 0.30 0.40

* Package:
¢ Description: elevamento a potenza

e Example:

> 2x%4

> x <- c¢(l.2, 3.4, 5.6, 7.8, 0.0, 9.8)
> Xx*2

[1] 1.44 11.56 31.36 60.84 0.00 96.04

> x <- c(1,
>y <— c(-3.
> Y**X

, —2.2, -1.2, -0.2)

[1] -3.2000 4.8400 -1.7280 0.0016




Background

* Package:
¢ Description: elevamento a potenza
¢ Example:

> 274
[1] 16

> x <= c(l.2, 3.4, 5.6, 7.8, 0, 9.8)
> x"2

[1] 1.44 11.56 31.36 60.84 0.00 96.04

> x <- c(l, 2, 3, 4)
>y <- c¢c(-3.2, -2.2, -1.2, -0.2)
> y°x

[1] -3.2000 4.8400 -1.7280 0.0016

* Package:
¢ Description: quoziente intero della divisione
¢ Example:

> 22.6%/%3.4

[1] 6
> 23%/%3
(11 7

* Package:
¢ Description: resto della divisione (modulo)
e Example:

> 22.6%%3.4

[1] 2.2
> 23%%3
[1] 2




1.2 Operatori relazionali

1.2 Operatori relazionali

* Package:
¢ Description: minore
¢ Example:

> 1 < 2

[1] TRUE

> x <= ¢(0.11, 1.2, 2.3, 4.5)
> x < 2.4

[1] TRUE TRUE TRUE FALSE

* Package:
¢ Description: maggiore
e Example:

>3 > 1.2

[1] TRUE

> x <— ¢(0.11, 1.2, 2.3, 4.5)
> x > 2.4

[1] FALSE FALSE FALSE TRUE

<=
* Package:
¢ Description: minore od uguale
¢ Example:

> 3.4 <= 8.5

[1] TRUE

> x <= ¢(0.11, 1.2, 2.3, 4.5)
> x <= 2.4

[1] TRUE TRUE TRUE FALSE




Background

Package:
¢ Description: maggiore od uguale
e Example:

> 3.4 >= 5.4

[1] FALSE

> x <—- ¢(0.11, 1.2, 2.3, 5.4)
> x >= 5.4

[1] FALSE FALSE FALSE TRUE

* Package:
¢ Description: diverso
e Example:

> 2 1=3
[1] TRUE

> x <- ¢(0.11, 1.2, 2.3, 5.4)
> x != 5.4

[1] TRUE TRUE TRUE FALSE

* Package:
¢ Description: uguale

e Example:

[1] TRUE

> x <= ¢(0.11, 1.2, 2.3, 5.4)
> x == 5.4

[1] FALSE FALSE FALSE TRUE
> TRUE ==

[1] TRUE

> FALSE ==

[1] TRUE




1.3 Operatori logici

1.3 Operatori logici

* Package:

¢ Description: AND termine a termine

e Example:

> 1 & 5

[1] TRUE

> x <—= c(0.11,
> x & 3

[11] TRUE TRUE

* Package:

¢ Description: AND si arresta al primo elemento che soddisfa la condizione

e Example:

> 1 && 5
[1] TRUE

<- c(0.11,
&& 3

TRUE

<- c (0,
&& 3

1.

* Package:

1

2,

1.2,

TRUE

.2,

2.

2

3,

2.3, 4.5, 0)

TRUE FALSE

.3,

¢ Description: OR termine a termine

¢ Example:

> 5 1 0

[1] TRUE

> x <- c(0.11,
> x | 0

[1] TRUE TRUE

1.

2,

TRUE

2.

3, 4.5, 0)

TRUE FALSE




Background

* Package:
* Description: OR si arresta al primo elemento che soddisfa la condizione
¢ Example:

>5 || O

[1] TRUE

> x <- ¢(0.11, 1.2, 2.3, 4.5, 0)
> x || 3

[1] TRUE

> x <— ¢(0, 1.2, 2.3, 4.5, 0)
> x || 0

[1] FALSE

* Package:
¢ Description: EXCLUSIVE OR termine a termine
e Example:

> xor (4, 5)
[1] FALSE

> x <- c¢(0.11, 1.2, 2.3, 4.5, 0)
> xor (x, 3)

[1] FALSE FALSE FALSE FALSE TRUE

* Package:
¢ Description: NOT
¢ Example:

> 18
[1] FALSE

> x <= ¢(0.11, 1.2, 2.3, 4.5, 0)
> Ix

[1] FALSE FALSE FALSE FALSE TRUE




1.4 Funzioni di base

1.4 Funzioni di base

* Package:
¢ Input:
x vettore numerico di dimensione n

¢ Description: somma

Formula:

¢ Example:

> x <— ¢c(1.2, 2, 3)
> 1.2 42 + 3

[1] 6.2
> sum (x)
[1] 6.2

> x <- c(l.2, 3.4, 5.1, 5.6, 7.8)
> 1.2 + 3.4 + 5.1 + 5.6+ 7.8

[1] 23.1
> sum (x)

[1] 23.1

prod()

* Package:
¢ Input:

x vettore numerico di dimensione n
¢ Description: prodotto

¢ Formula:

¢ Example:

> x <—- ¢c(1, 2, 3.2)
> 1 % 2 % 3.2

[1] 6.4

> prod (x)

[1] 6.4

> x <- c(l.2, 3.4, 5.1, 5.6, 7.8)
> 1.2 » 3.4 x 5.1 » 5.6 « 7.8

n

i=1




Background

[1] 908.8934
> prod (x)

[1] 908.8934

Package:

¢ Input:
x valore numerico

¢ Description: valore assoluto

Formula:

x sex>0
|z| = 0 sexz=0
—xr sex <0

¢ Example:

> abs(x = 1.3)

[1] 1.3

> abs(x = 0)

[1] O

> abs(x = -2.3)
[1] 2.3

> abs(x = 3 + 41)
[1] 5

> Mod(x = 3 + 4i)
[1] 5

* Note: Equivale alla funzione

10



1.4 Funzioni di base

sign()
* Package:
¢ Input:

x valore numerico
¢ Description: segno

e Formula:
1 sexz>0
sign(z) = 0 sex =0
-1 sex <0

> sign(x = 1.2)
[11 1
> sign(x = 0)
[1]1 O
> sign(x = -1.2)
[1] -1
sqrt()
* Package: [pasd]|
¢ Input:

x valore numerico tale che xz > 0

¢ Description: radice quadrata

Formula:

e Example:
> sqgrt(x = 2)
[1] 1.414214

> sqrt(x = 3.5)

[1] 1.870829

> sqrt(x = -9)
[1] NaN
> sqrt(x = -9 + 01)

[1] 0+3i
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1.5 Funzioni insiemistiche

* Package:
¢ Input:

x vettore alfanumerico di dimensione n

y vettore alfanumerico di dimensione m
¢ Description: unione

¢ Formula:
rUy

e Example:
> x <— c(l, 2, 3, 4, 5, 6, 7, 8, 9, 10)

>y <= c(l, 2, 6, 11)
> union(x, V)

(r] 2 3 4 5 6 7 8 910 11

> x <= c("
"

all, "bll, "C", "dll, "e", "f", "g")
> y <_ C( a", lle", llfll, llhll)
> union(x, V)

[1] "a" "b" "c" "d" "e" "f" "g" "h"

intersect()
* Package:
¢ Input:

x vettore alfanumerico di dimensione n

y vettore alfanumerico di dimensione m
¢ Description: intersezione

e Formula:
rNy

Example:
> x <— c(1, 2,

3
>y <- c(l, 2, 6
> intersect(x, y

[1] 1 2 6

> X <7 C("a", "b", "C", "d", "e", "f", "g")
> y <7 C("a", "e"’ "f", "h")
> intersect (x, Vy)

[11 "a“ Ile" "f"

12



1.5 Funzioni insiemistiche

* Package:
¢ Input:

x vettore alfanumerico di dimensione n
y vettore alfanumerico di dimensione m

¢ Description: differenza

e Formula:

e Example:

> x <- c¢(1, 2, 3, 4, 5, 6, 7, 8, 9, 10)
>y <= c(l, 2, 6, 11)
> setdiff (x, V)

(1] 3 4 5 7 8 910
> X <— C("a", "b", "C", "d", "e", "f", "g")
> y <— C("a", "e"’ "f", "h")

> setdiff (x, V)

[11 "b" "C" "d" "g"

is.element() ‘

* Package:
¢ Input:

el valore z alfanumerico
set vettore y alfanumerico di dimensione n

¢ Description: appartenenza di z all'insieme y

Formula:
T ey

Example:

> x <= 2
>y <= c(l, 2, 6, 11)
> is.element (el = x, set

Il
=

[1] TRUE

> x <— 3

>y <= c(l, 2, 6, 11)

> is.element (el = x, set = vy)

[1] FALSE

> X <7 "d"

> y <_ C("a", "bll, "C", "d"’ "e", "f"’ "g")
> is.element (el = x, set = vy)

[1] TRUE

> X <_ "h"

> y <7 C("a", "b"’ "C", "d", "e", "f", "g")

> is.element (el = x, set = vy)

[1] FALSE
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Background

* Package:
¢ Input:
x valore alfanumerico
y vettore alfanumerico di dimensione n

¢ Description: appartenenza di z all'insieme y

e Formula:
T ey

e Example:

<- 2
<- c(1, 2, 6, 11)

[ o)

%$in% vy

vV V V
WX

[1] TRUE

vV VvV VvV

XX
A
|
Q
-
N
o)
=
=

[1] FALSE

<— "d"
<— C("a", "b"’ "C", "d"’ "e", "f"’ "g")

%$in% vy

vV V V
xR X

[1] TRUE

> X <— "h"
> y <— C("a", "b", "C", "dll, "e", "f", "g")
> x $in% vy

[1] FALSE

setequal()

Package:
¢ Input:

x vettore alfanumerico di dimensione n

y vettore alfanumerico di dimensione m
¢ Description: uguaglianza

e Formula:

e Example:

> x <= c(1, 4, 5, 6, 8, 77)
>y <- c(, 1, 1, 4, 5, 6, 8, 77)
> setequal (x, V)

[1] TRUE

14



1.6 Funzioni indice

> X <_ C("a", "b")
> y <_ C("a", "bll, "all, "b", "a", "b", "a")
> setequal (x, V)

[1] TRUE

1.6 Funzioni indice

* Package:
¢ Input:
x vettore numerico di dimensione n
¢ Description: indici degli elementi di « che soddisfano ad una condizione fissata
e Example:

> x <- c(l.2, 4.5, -1.3, 4.5)
> which(x > 2)

[1] 2 4

> x <- c(l.2, 4.5, -1.3, 4.5)
> which((x >= -1) & (x < 5))

(1] 1 2 4

> x <- c(l1.2,
> which ((x >=

[1] 2 4

> x <= c¢(1.2, 4.5, -1.3, 4.5)
> x[x < 4]

[11] 1.2 -1.3
> x[which(x < 4)]

[11] 1.2 -1.3

which.min() |

* Package:
¢ Input:
x vettore numerico di dimensione n
¢ Description: indice del primo elemento minimo di x
e Example:

> x <- c¢c(1.2, 1, 2.3, 4, 1, 4)
> min (x)

(11 1




Background

> which.min (x)

[1] 2

> x <-— c¢c(1.2, 4.5, -1.3, 4.5)
> min (x)

[1] -1.3

> which(x == min(x)) [1]

[1] 3

> which.min (x)

[11 3

which.max() |

* Package:
¢ Input:
x vettore numerico di dimensione n
¢ Description: indice del primo elemento massimo di z
¢ Example:

> x <- c¢(1.2, 1, 2.3, 4, 1, 4)
> max (x)

[1]1 4

> which(x == max(x)) [1]
[1] 4

> which.max (x)

[1] 4

> x <= c¢c(1.2, 4.5, -1.3, 4.5)
> max (x)

[1] 4.5

> which(x == max(x)) [1]
[1] 2

> which.max (x)

(11 2
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1.7 Funzioni combinatorie

1.7 Funzioni combinatorie

Package:
Input:

n valore naturale
k valore naturale taleche 0 <k <n

Description: coefficiente binomiale

Formula:

(v) = o

Example:

> n <- 10

> k <= 3

> prod(l:n)/ (prod(l:k) * prod(l:(n - k)))
[1] 120

> choose(n = 10, k = 3)

[1] 120
> n <- 8
> k <= 5

> prod(l:n)/ (prod(l:k) * prod(l:(n - k)))

[1] 56
> choose(n = 8, k = 5)
[1] 56

Package:
Input:

n valore naturale

k valore naturale taleche 0 < k <n

Description: logaritmo naturale del coefficiente binomiale

s )

Formula:

Example:

> n <- 10

> k <= 3

> log(prod(l:n)/ (prod(l:k) % prod(l:(n - k))))
[1] 4.787492

> lchoose(n = 10, k = 3)

17



Background

[1] 4.787492

> n <— 8
> k <= 5
> log(prod(l:n)/ (prod(l:k) % prod(l:(n - k))))

[1] 4.025352

> lchoose(n = 8, k = 5)

[1] 4.025352

factorial()
* Package:
¢ Input:
x valore naturale
¢ Description: fattoriale

e Formula:

!

Example:
> x <— 4

> prod(1l:x)

[1] 24

> factorial(x = 4)

> x <— 6
> prod(l:x)

[1] 720

> factorial(x = 6)

[1] 720
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1.8 Funzioni trigonometriche dirette

Ifactorial()
* Package:
¢ Input:

x valore naturale
¢ Description: logaritmo del fattoriale in base e

e Formula:

e Example:

> x <-4
> log(prod(l:x))

[1] 3.178054
> lfactorial(x = 4)
[1] 3.178054

> x <—- 6
> log (prod(l:x))

[1] 6.579251

> lfactorial (x 6)

[1] 6.579251

log(x!)

1.8 Funzioni trigonometriche dirette

* Package:
¢ Input:

x valore numerico
¢ Description: seno

e Formula:

e Example:
> sin(x = 1.2)
[1] 0.932039

> sin(x = pi)

[1] 1.224606e-16

sin(x)
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Background

Package:
¢ Input:

x valore numerico
¢ Description: coseno

e Formula:

cos(x)
e Example:

> cos(x = 1.2)
[1] 0.3623578
> cos(x = pi/2)

[1] 6.123032e-17

Package:
¢ Input:

x valore numerico

¢ Description: tangente

Formula:

tan(z) =

Example:

> tan(x = 1.2)

[1] 2.572152

> tan(x = pi)

[1] -1.224606e-16

> tan(x = 2.3)

[1] -1.119214

> sin(x = 2.3)/cos(x = 2.3)

[1] -1.119214

sin(x)

cos(x)
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1.9 Funzioni trigonometriche inverse

1.9 Funzioni trigonometriche inverse

* Package:
¢ Input:
x valore numerico tale che |z| < 1

* Description: arcoseno di z, espresso in radianti nell'intervallo tra —7 /2 e 7 /2

Formula:
arcsin(x)

e Example:

> asin(x = 0.9)

[1] 1.119770

[1] -1.570796

* Package:
¢ Input:
x valore numerico tale che |z| < 1

* Description: arcocoseno di z, espresso in radianti nell'intervallo tra 0 e =

e Formula:

arccos(x)
e Example:

> acos(x = 0.9)

[1] 0.4510268

[1] 3.141593

atan()
* Package:
¢ Input:

x valore numerico

* Description: arcotangente di z, espressa in radianti nell'intervallo tra —7 /2 e 7 /2

* Formula:
arctan(x)

Example:

> atan(x = 0.9)




Background

[1] 0.7328151
> atan(x = —-34)

[1] -1.541393

* Package:
¢ Input:

y valore numerico di ordinata
x valore numerico di ascissa

¢ Description: arcotangente in radianti dalle coordinate z e y specificate, nell'intervallo tra —w e 7

¢ Formula:
arctan(z)
e Example:
> atan2(y = -2, x = 0.9)
[1] -1.147942
> atan2(y = -1, x = -1)

[1] -2.356194

1.10 Funzioni iperboliche dirette

* Package:
¢ Input:
x valore numerico
* Description: seno iperbolico
¢ Formula:
sinh(z) = ————
e Example:

> x <— 2.45
> (exp(x) — exp(-x))/2

[1] 5.751027
> sinh(x = 2.45)
[1] 5.751027

> x <- 3.7
> (exp(x) - exp(-x))/2

[1] 20.21129
> sinh(x = 3.7)

[1] 20.21129
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1.10 Funzioni iperboliche dirette

* Package:
¢ Input:
x valore numerico
¢ Description: coseno iperbolico

e Formula:

Example:

> x <— 2.45
> (exp(x) + exp(-x))/2

[1] 5.83732
> cosh(x = 2.45)
[1] 5.83732

> x <— 3.7
> (exp(x) + exp(-x))/2

[1] 20.23601
> cosh(x = 3.7)

[1] 20.23601

* Package:
¢ Input:
x valore numerico

¢ Description: tangente iperbolica

Formula:

sinh(x) e?r —1

tanh(z) = =

cosh(z)  e2*+1

e Example:

> x <— 2.45
> (exp(2 x x) — 1)/ (exp(2 % x) + 1)

[1] 0.985217
> tanh(x = 2.45)
[1] 0.985217

> x <—= 3.7
> (exp(2 x x) — 1)/ (exp(2 % x) + 1)

[1] 0.9987782

23



Background

> tanh(x = 3.7)

[1] 0.9987782

> tanh(x = 2.3)

[1] 0.9800964

> sinh(x = 2.3)/cosh(x = 2.3)

[1] 0.9800964

1.11 Funzioni iperboliche inverse

* Package:
¢ Input:
x valore numerico

¢ Description: inversa seno iperbolico

e Formula:
arcsinh(z)

¢ Example:

> asinh(x = 2.45)
[1] 1.628500
> asinh(x = 3.7)

[1] 2.019261

* Package:
¢ Input:
x valore numerico tale che x > 1

¢ Description: inversa coseno iperbolico

¢ Formula:
arccosh(z)

Example:

> acosh(x = 2.45)

[1] 1.544713
> acosh(x = 3.7)

[1] 1.982697
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1.12 Funzioni esponenziali e logaritmiche

Package:
¢ Input:

x valore numerico tale che |z| < 1

¢ Description: inversa tangente iperbolica

Formula:
1+=x

1
arctanh(z) = 3 log (1 —

¢ Example:

> x <— 0.45
> 0.5 * log((1 + x)/(1 — x))

[1] 0.4847003
> atanh(x = 0.45)
[1] 0.4847003

> x <= 0.7
> 0.5 % log((1 + x)/(1 - x))

[1] 0.8673005
> atanh(x = 0.7)

[1] 0.8673005

1.12 Funzioni esponenziali e logaritmiche

Package:
¢ Input:

x valore numerico
¢ Description: esponenziale

¢ Formula:

e Example:
> exp(x = 1.2)
[1] 3.320117

> exp(x = 0)

(1] 1

)

25



Background

* Package:

¢ Input:

x valore numerico

* Description: esponenziale

e Formula:

> x <— 1.2

> exp (x)

Example:

1

[1] 2.320117

> expml (x

=1.2)

[1] 2.320117

> x <= 0

> exp (x)

log2()

1

* Package:

¢ Input:

x valore numerico tale che z > 0

¢ Description: logaritmo di = in base 2

Formula:

e Example:

> log2 (x

1.2)

[1] 0.2630344

> log2 (x

[1] 3

> log2 (x

[1] NaN

8)

-1.2)

log,(z)
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1.12 Funzioni esponenziali e logaritmiche

1og10()

Package:
Input:

x valore numerico tale che x > 0
Description: logaritmo di z in base 10

Formula:
IOglo(I)

Example:

> loglO(x = 1.2)
[1] 0.07918125

> loglO(x = 1000)
[1]1 3

> loglO(x = —-6.4)

[1] NaN

log()

Package:
Input:

x valore numerico tale che x > 0

base il valore b tale che b > 0
Description: logaritmo di x in base b

Formula:
logy, ()

Example:

> log(x = 2, base = 4)

> log(x = 0, base = 10)

[1] —Inf
> log(x = 100, base = -10)
[1] NaN
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Background

logb()

* Package:
¢ Input:

¢ Description: logaritmo di z in base b

x valore numerico tale che z > 0
base il valore b tale che b > 0

e Formula:

> logb (x

Vv

s
o}
Q

o
b
Il

Example:

loglp()

2,

8,

-1.2,

* Package:
¢ Input:

¢ Description: logaritmo di = in base e

x valore numerico tale che z > —1

e Formula:

> X

Example:

<- 2.3

> log(x + 1)

(1]

1.193922

> loglp(x =

(1]

> X

1.193922

<- 8

> log(x + 1)

[1] 2.197225
> loglp(x =
[1] 2.197225
> loglp(x =
[1] -Inf

> loglp(x =
[1] NaN

2.3)

8)

-1)

-1.2)

base

base

base

2)

logy, ()

log(z + 1)
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1.13 Funzioni di successione

1.13 Funzioni di successione

* Package:
¢ Description: successione con intervallo unitario
¢ Example:

> 1:10

> 1.1:10.2
(ry 1.1 2.1 3.1 4.1 5.1 6.1 7.1 8.1 9.1 10.1
> 1:5 + 1
[1] 2 3 4 5 6
> 1:(5 + 1)

[1] 1 2 3 456

rep()
* Package:
¢ Input:

x vettore alfanumerico di dimensione n
times ogni elemento del vettore viene ripetuto lo stesso numero times di volte
length.out dimensione del vettore risultato

each ogni elemento del vettore viene ripetuto each volte
¢ Description: replicazioni
e Example:

> rep(x = 2, times = 5)

(1] 2 2 2 2 2

I
Q
[

~
N
~

> rep(x 3), times = 5)
(11 123 123123123123
> rep(x = c(8.1, 6.7, 10.2), times = c(1, 2, 3))

[1] 8.1 6.7 6.7 10.2 10.2 10.2

> rep(x = c(1, 2, 3), each = 2)
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Background

\Y
-
D
T
b
Il

c(l, 2, 3), length.out = 7)

(1] 1231231

> rep(x = TRUE, times = 5)

[1] TRUE TRUE TRUE TRUE TRUE

> rep(x = c(1, 2, 3, 4), each = 3, times = 2)

(11111222333 4441112223334414

* Note: Il parametro each ha precedenza sul parametro times.

rep.int()

* Package:
¢ Input:

x vettore alfanumerico di dimensione n

times ogni elemento del vettore viene ripetuto lo stesso numero times di volte
¢ Description: replicazioni
e Example:

> rep.int(x = 2, times = 5)

(1] 222 2 2

> rep.int(x = c(1, 2, 3), times = 5)

(11 1 2312312312312 3

> rep.int (x

I
Q
[N
N

~

3), times = c (1, 2, 3))

[1] 1 2 2 3 3 3

> rep.int (x = TRUE, times = 5)

[1] TRUE TRUE TRUE TRUE TRUE
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1.13 Funzioni di successione

sequence() \
* Package:
¢ Input:

nvec vettore numerico z di valori naturali di dimensione n

¢ Description: serie di sequenze di interi dove ciascuna sequenza termina con i numeri naturali passati
come argomento

¢ Example:

> nl <= 2
> n2 <- 5
> c(l:nl, 1:n2)

[1] 1212345
> sequence (nvec = c(2, 5))
[1] 1 212 3 45

> nl <- 6
> n2 <= 3
> c(l:nl, 1:n2)

(11 1 23456123
> sequence (nvec = c(6, 3))

(1] 1 23456123

* Package:
¢ Input:

from punto di partenza
to punto di arrivo

by passo

length.out dimensione

along.with vettore di dimensione n per creare la sequenza di valori naturali 1, 2, ..., n
¢ Description: successione
¢ Example:

> seq(from = 1, to = 3.4, by = 0.4)

[1] 1.0 1.4 1.8 2.2 2.6 3.0 3.4

> seqg(from = 1, to = 3.4, length.out = 5)
(1] 1.0 1.6 2.2 2.8 3.4

> seq(from = 3.4, to = 1, length.out

Il
(@)

[1] 3.4 2.8 2.2 1.6 1.0
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Background

> x <- c(1.5, 6.4, 9.6, 8.8)
> n <— 4
> 1:n

(1] 1 2 3 4

> seg(along.with = x)

(1] 1 2 3 4

> x <= c(l1.5, 6.4, 9.6, 8.8)

> seq(from = 88, to = 50, along.with

[1] 88.00000 75.33333 62.66667 50.00000

> seq(from = 88, to = 50, length.out

[1] 88.00000 75.33333 62.66667 50.00000

> seq(from = 5, by = -1, along.with

[1] 543210

> seq(from = 8)

(1] 1 2 3456 78

> seq(from = -8)

(1] 1 0 -1 -2 -3 -4 -5 -6 -7 -8

seq_along()

Package:
Input:

along.with vettore numerico z di dimensione n

Description: sequenza di valori naturali 1, 2, ..., n

Example:

> x <= c(l.2, 2.3, 3.4, 4.5,
> n <- 6
> seqg_along(along.with = x)

[1] 1 2 345 6

> x <= c(l1.5, 6.4, 9.6, 8.8)
> n <-4
> seg_along(along.with = x)

(1] 1 2 3 4

5.

6,

6.

7)

length (x))
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1.14 Funzioni di ordinamento

seq len()
* Package:
¢ Input:

length.out valore n naturale
¢ Description: sequenza di valori naturali 1, 2, ..., n
e Example:

> n <- 6
> seqg_len(length.out

Il
o
N

[1] 1 2 345 6

> n <— 4
> seq_len(length.out = 4)

[1] 1 2 3 4

1.14 Funzioni di ordinamento

sort()
* Package:
¢ Input:

x vettore numerico di dimensione n
decreasing = TRUE / FALSE decremento oppure incremento
index.return = TRUE / FALSE vettore indici ordinati

¢ Description: ordinamento crescente oppure decrescente

Output:

x vettore ordinato

ix vettore indici ordinati
e Formula:

X

’decreasing = TRUE‘

L(n)s L(n—1) -+ L(1)

’decreasing = FALSE‘

m(l), l‘(g), ey l‘(n)
¢ Example:
> x <- c(l.2, 2.3, 4.21, 0, 2.1, 3.4)
> sort (x, decreasing = TRUE, index.return = FALSE)
[1] 4.21 3.40 2.30 2.10 1.20 0.00
> x <- c(l.2, 2.3, 4.21, 0, 2.1, 3.4)
> res <- sort (x, decreasing = TRUE, index.return = TRUE)

> resS$x

[1] 4.21 3.40 2.30 2.10 1.20 0.00




Background

> res$ix

[1] 36 2 514

> x[res$ix]

[1] 4.21 3.40 2.30 2.10 1.20 0.00

> x <- c¢(1.2, 2.3, 4.21, 0, 2.1, 3.4)
> sort (x, decreasing = FALSE, index.return = FALSE)

[1] 0.00 1.20 2.10 2.30 3.40 4.21

> x <- c(l.2, 2.3, 4.21, 0, 2.1, 3.4)

> res <- sort(x, decreasing = FALSE, index.return = TRUE)
> resS$x

[1] 0.00 1.20 2.10 2.30 3.40 4.21

> res$ix

[1] 4 1 52 6 3

> x[res$ix]

[1] 0.00 1.20 2.10 2.30 3.40 4.21

> x <- c(l.2, 4.2, 4.5, -5.6, 6.5, 1.2)
> sort (x, decreasing = TRUE)

[1] 6.5 4.5 4.2 1.2 1.2 -5.06
> rev (sort (x))
[1] 6.5 4.5 4.2 1.2 1.2 -5.6

* Note: Equivale alla funzione quando index.return = TRUE.

Package:
¢ Input:

x vettore numerico di dimensione n

¢ Description: elementi di un vettore in ordine invertito

Formula:
Tny Tp—1y ---5 L1

¢ Example:

> x <- ¢(1.2, 2.3, 4.21, 0, 2.1, 3.4)
> rev (x)

[1] 3.40 2.10 0.00 4.21 2.30 1.20

> x <- c¢c(l1.2, 4.2, 4.5, -5.6, 6.5, 1.2)
> rev (x)

(1] 1.2 6.5 -5.6 4.5 4.2 1.2
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1.14 Funzioni di ordinamento

* Package:
¢ Input:

x vettore numerico di dimensione n
decreasing = TRUE / FALSE decremento oppure incremento

* Description: restituisce la posizione di ogni elemento di z se questo fosse ordinato in maniera decre-
scente oppure crescente

e Example:

> x <- c¢(1.2, 2.3, 4.21, 0, 2.1, 3.4)
> order (x, decreasing = FALSE)

[1] 4152 6 3

> x <- c¢(1.2, 2.3, 4.21, 0, 2.1, 3.4)
> order (x, decreasing = TRUE)

[1] 36 251 4

> x <- c(l.6, 6.8, 7.7, 7.2, 5.4, 7.9, 8, 8, 3.4, 12)
> sort (x, decreasing = FALSE)

[11] 1.6 3.4 5.4 6.8 7.2 7.7 7.9 8.0 8.0 12.0
> x[order (x, decreasing = FALSE) ]

(1] 1.6 3.4 5.4 6.8 7.2 7.7 7.9 8.0 8.0 12.0

Package:
¢ Input:

x vettore numerico di dimensione n

ties.method = "average" / "first" / "random" / "max" / "min" metodo da utilizzare in
presenza di ties

¢ Description: rango di = ossia viene associato ad ogni elemento del vettore x il posto occupato nello
stesso vettore ordinato in modo crescente

e Example:

> x <- c¢(1.2, 2.3, 4.5, 2.3, 4.5, 6.6, 1.2, 3.4)
> rank (x, ties.method = "average")

[1] 1.5 3.5 6.5 3.5 6.5 8.0 1.5 5.0

> x <- c¢(1.2, 2.3, 4.21, 0, 2.1, 3.4)
> rank (x, ties.method = "average")

[1] 2 46135

> x <- c(l1.2, 4.2, 4.5, -5.6, 6.5, 1.2)
> rank (x, ties.method = "first")

[1] 2 45163

* Note: Solo per ties.method = "average" € ties.method = "first" la somma del vettore finale
rimane uguale an(n+1) /2.
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Background

1.15 Funzioni di troncamento e di arrotondamento

* Package:
¢ Input:
x valore numerico
¢ Description: tronca la parte decimale

e Formula:

e Example:

> trunc(x = 2)

\%
o
-
o
o]
Q
b
Il

2.999)

> trunc(x = -2.01)

* Package:
¢ Input:
x valore numerico

¢ Description: arrotonda all'intero inferiore

Formula:

T se x € intero
lz| = [z] se x € positivo non intero
[r] =1 se z € negativo non intero

> floor(x = 2)

> floor(x = 2.99)

> floor(x = —-2.01)

[1] -3
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1.15 Funzioni di troncamento e di arrotondamento

ceiling()
* Package:
¢ Input:

x valore numerico
¢ Description: arrotonda all'intero superiore

¢ Formula:
X

[2] = [z] +1
[z]

¢ Example:

> ceiling(x = 2)

(11 2

> ceiling(x = 2.001)
(1] 3

> ceiling(x = -2.01)
(1] -2

* Package:
¢ Input:

x valore numerico

digits valore naturale n

se z € intero
se x € positivo non intero
se x € negativo non intero

¢ Description: arrotonda al numero di cifre specificato da n

¢ Example:

> pi

[1] 3.141593

> round(x = pi, digits = 4)

[1] 3.1416

> exp (1)

[1] 2.718282

> round(x = exp(l), digits = 3)

[1] 2.718
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signif]()
* Package:
¢ Input:

x valore numerico

digits valore naturale n

¢ Description: arrotonda al numero di cifre significative specificate da n
e Example:

> pi

[1] 3.141593

> signif(x = pi, digits = 4)
[1] 3.142

> exp (1)

[1] 2.718282

> signif(x = exp(l), digits = 3)

[1] 2.72

fractions()
* Package:
¢ Input:
x oggetto numerico

¢ Description: trasforma un valore decimale in frazionario

e Example:
> fractions(x = 2.3)
[1] 23/10
> fractions (x 1.34)

[1] 67/50

> xXx <-— matrix(data = c(1.2, 34, 4.3, 4.2), nrow = 2, ncol =

+ byrow = FALSE)
> x
(11 [,2]
(1,1 1.2 4.3
(2,1 34.0 4.2

> fractions (x)

[,1] [,2]
[1,] 6/5 43/10
(2,1 34 21/5
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rational()

* Package:
¢ Input:

x oggetto numerico

* Description: approssimazione razionale

¢ Example:
> matrice <- matrix(data = c(1.2, 34, 4.3,
+ byrow = FALSE)

> matrice

> det (matrice)

[1] -141.16

> solve (matrice) %*% matrice

[,1] [,2]
[1,] 1.000000e+00 -2.303930e-17
[2,] 2.428613e-17 1.000000e+00

> rational (x = solve (matrice) %*% matrice)
[,11 [,2]

[1,] 1 0

[2,] 0 1

1.16 Funzioni avanzate

gammal()

Package:
Input:

x valore numerico tale che x > 0
Description: funzione gamma

Formula:

Example:

> gamma (x = 3.45)

[1] 3.146312

> gamma (x 5)

[1] 24
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1gammal()

Package:
Input:
x valore numerico tale che x > 0
Description: logaritmo naturale della funzione gamma

Formula:
log (I'(z))

Example:

> log (gamma (x = 3.45))

[1] 1.146231

> lgamma (x = 3.45)
[1] 1.146231

> log(gamma (x = 5))
[1] 3.178054

> lgamma (x = 5)

[1] 3.178054

digamma()

Package:
Input:

x valore numerico tale che z > 0
Description: funzione digamma

Formula:

Example:

> digamma (x = 2.45)

[1] 0.6783387
> digamma (x = 5.3)

[1] 1.570411
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trigamma()
* Package:
¢ Input:

x valore numerico tale che = > 0
¢ Description: derivata prima della funzione digamma

¢ Formula:

d
E\I!(x)

¢ Example:

> trigamma (x 2.45)
[1] 0.5024545
> trigamma (x 5.3)

[1] 0.2075909

psigammal()

* Package:
¢ Input:

x valore numerico tale che z > 0

deriv valore naturale n

¢ Description: derivata n-esima della funzione digamma

¢ Formula: .
w()
¢ Example:
> psigamma (x = 2.45, deriv = 0)

[1] 0.6783387

> digamma (x = 2.45)

[1] 0.6783387

> psigamma (x

5.3, deriv = 1)

[1] 0.2075909

> trigamma (x 5.3)

[1] 0.2075909




Background

beta()
* Package:
¢ Input:

a valore numerico tale che a > 0

b valore numerico tale che b > 0

¢ Description: funzione beta

Formula:

¢ Example:

> a <— 3.45
> b <= 2.3
> gamma (a) * gamma (b) /gamma (a + b)

[1] 0.04659344

> beta(a = 3.45, b = 2.3)

[1] 0.04659344

> a <- 5
> b <-4
> gamma (a) * gamma (b) /gamma (a + b)

[1] 0.003571429
> beta(a = 5, b = 4)

[1] 0.003571429

Ibeta()
* Package:
¢ Input:

a valore numerico tale che a > 0

b valore numerico tale che b > 0

¢ Description: logaritmo naturale della funzione beta

Formula:
log (B(a, b))

e Example:

> a <- 3.45
> b <= 2.3
> log(gamma (a) * gamma (b) /gamma(a + b))

[1] -3.066296
> lbeta(a = 3.45, b = 2.3)

[1] -3.066296
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> a <=5
> b <-4
> log(gamma (a) * gamma (b) /gamma(a + b))

[1] -5.63479

[1] -5.63479

fbetal()
* Package:
¢ Input:

x valore numerico talechez >0ex <1
a valore numerico tale che a > 0

b valore numerico tale che b > 0
¢ Description: funzione beta

e Formula:

xa—l (1 _ .T)b_l

Example:

x <= 0.67
a <- 3.45
b <- 2.3
x"(a — 1) = (1 - x)"(b - 1)

vV V. V V

[1] 0.08870567

> fbeta(x = 0.67, a = 3.45, b = 2.3)

[1] 0.08870567

> x <= 0.12

> a <- 5

> b <-4

> x"(a - 1) » (1 - x)"(b - 1)

[1] 0.0001413100

> fbeta(x = 0.12, a =5, b = 4)

[1] 0.0001413100




Background

sigmoid()
* Package:
¢ Input:

x valore numerico

¢ Description: funzione sigmoide

Formula:

¢ Example:

> x <— 3.45
> (1 + exp(-x))"(-1)

[1] 0.9692311
> sigmoid(x = 3.45)
[1] 0.9692311

> x <= —-1.7
> (1 + exp(-x))"(-1)

[1] 0.1544653
> sigmoid(x = -1.7)

[1] 0.1544653

dsigmoid()
* Package:
¢ Input:

x valore numerico

* Description: derivata prima della funzione sigmoide

Formula:

¢ Example:

> x <— 3.45
> exp(x) /(1 + exp(x))"2

[1] 0.02982214
> dsigmoid(x = 3.45)
[1] 0.02982214

> x <= =1.7
> exp(x) /(1 + exp(x))"2

[1] 0.1306057
> dsigmoid(x = —-1.7)

[1] 0.1306057
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d2sigmoid()

* Package:
¢ Input:

x valore numerico
* Description: derivata seconda della funzione sigmoide

e Formula:

d? _ef(l—et) e e* 1 e* B a
&0 = ey Tite <11+ew> <1+ex1+ex> = 5@ (1= 5) (e -1

¢ Example:

> x <— 3.45
> (exp(x) » (1 — exp(x)))/(1 + exp(x))"3

[1] -0.02798695
> d2sigmoid(x = 3.45)
[1] -0.02798695

> x <— —-1.7
> (exp(x) * (1 - exp(x))) /(1L + exp(x))"3

[1] 0.09025764
> d2sigmoid(x = —-1.7)

[1] 0.09025764

* Package:
¢ Input:

x valore numerico tale che z > 0

nu valore naturale
¢ Description: funzione Bessell
¢ Example:

> bessell(x = 2.3, nu = 3)
[1] 0.3492232
> bessell(x = 1.6, nu = 2)

[1] 0.3939673




Background

besselJ()
* Package:
¢ Input:

x valore numerico tale che x > 0
nu valore naturale

¢ Description: funzione BesselJ
¢ Example:

> besseld(x = 2.3, nu

Il
w

[1] 0.1799789
> besseld(x = 1.6, nu = 2)

[1] 0.2569678

* Package:
¢ Input:

x valore numerico tale che z > 0

nu valore naturale
¢ Description: funzione BesselK
¢ Example:

> besselK(x = 2.3, nu = 3)
[1] 0.3762579

> besselK(x = 1.6, nu

Il
N

[1] 0.4887471

besselY()
* Package:
¢ Input:

x valore numerico tale che x > 0
nu valore naturale

¢ Description: funzione BesselY
¢ Example:

> besselY(x = 2.3, nu

Il
w

[1] -0.8742197

> besselY(x = 1.6, nu = 2)

[1] -0.8548994
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1.17 Funzioni sui numeri complessi

* Package:
¢ Input:

real parte reale o

imaginary parte immaginaria
modulus modulo r

argument argomento ¢

¢ Description: numero complesso

* Formula:
a+if = r(cos(¢)+1isin(e))
a = rcos(d)
8 = rsin(g)
ro= o? 1 32
¢ = arctan (g)
¢ Example:
> complex(real = 1, imaginary = 3)
[1] 1+31

> complex (modulus = Mod(l + 3i), argument = Arg(l + 31i))

[1] 1+31
> complex(real = -3, imaginary = 4)
[1] -3+41

> complex (modulus = Mod (-3 + 4i), argument = Arg (-3 + 41i))

[1] —-3+4i

* Package:
¢ Input:
x numero complesso

* Description: parte reale

Formula:

¢ Example:

> Re(x = 2 + 31)




Background

1m0
* Package:
¢ Input:
x numero complesso
¢ Description: parte immaginaria

¢ Formula:

Example:

> Im(x = -2 + 31)

* Package:
¢ Input:

x numero complesso
¢ Description: modulo

¢ Formula:
r = /a2 + /62
e Example:

> x <—- 2 + 31
> sqgrt (272 + 372)

[1] 3.605551
> Mod(x = 2 + 31)
[1] 3.605551

> x <= =3 + 41
> sqrt ((=3)72 + 472)

[1] 5
> Mod(x = -3 + 41i)
[1]1 5

> x <= 3 + 4i
> sqrt (372 + 472)
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* Note: Equivale alla funzione abs (]

Arg()

Package:
Input:

X numero COl’l’lplCSSO

Description: argomento

Formula:

Example:

> x <—- 2 + 31
> atan (3/2)

[1] 0.9827937
> Arg(x = 2 +
[1] 0.9827937

> x <— 4 + 51
> atan (5/4)

[1] 0.8960554
> Arg(x = 4 +

[1] 0.8960554

Conj()

¢ Description: coniugato

Package:
Input:

X numero complesso

Formula:

¢ Example:

> Conj(x = 2 + 31)

[1] 2-31
> Conj(x = -3 + 41)
[1] -3-41i

51)

¢ = arctan (ﬂ)
o

a—1i0
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* Package:
¢ Input:

% valore numerico

* Description: segnalazione di valore numerico reale

¢ Example:

> is.real(x = 2 + 31)

[1] FALSE

> is.real (x

Il
i
-

[1] TRUE

is.complex() ‘

* Package:
¢ Input:

x valore numerico

¢ Description: segnalazione di valore numerico complesso

¢ Example:
> is.complex(x = 2 + 31i)
[1] TRUE
> is.complex (x = 4)
[1] FALSE

1.18 Funzioni cumulate

Package:
Input:

x vettore numerico di dimensione n
Description: somma cumulata

Formula:

ﬁ:xj Vi=12 ...
j=1

Example:

> x <- c¢(1, 2, 4, 3, 5, 6)
> cumsum (x)

(1] 1 3 7 10 15 21
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1.18 Funzioni cumulate

> x <- c¢c(1, 2.3, 4.5, 6.7, 2.1)
> cumsum (x)

(1] 1.0 3.3 7.8 14.5 16.6

Package:
Input:

x vettore numerico di dimensione n
Description: prodotto cumulato

Formula:

Example:

> x <- c¢(1, 2, 4, 3, 5, 6)
> cumprod (x)

[1] 1 2 8 24 120 720

> x <= c(l, 2.3, 4.5, 6.7, 2.1)
> cumprod (x)

[1] 1.0000 2.3000 10.3500 69.3450 145.6245

Package:
Input:

x vettore numerico di dimensione n
Description: minimo cumulato

Formula:

min(zy, o, ..., x;) Vi=1,2,...

Example:

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

[1] 333 2 21

> x <- c¢c(1, 3, 2, 4, 5, 1)
> cummin (x)

(17 111111
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* Package:
¢ Input:
x vettore numerico di dimensione n

¢ Description: massimo cumulato

Formula:

max(x1, T2, ..., x;) Vi=1,2,...,n

Example:

> x <= c¢(1, 3, 2, 4, 5, 1)
> cummax (x)

[1] 1 3 3 455

> x <- c¢(1, 3, 2, 4, 5, 1)
> cummax (xX)

[1] 1 33 455

1.19 Funzioni in parallelo

pmin()
* Package:
¢ Input:

x vettore numerico di dimensione n

y vettore numerico di dimensione n

¢ Description: minimo in parallelo

Formula:
min(z;, y;) Vi=1,2,...,n

Example:
> x <- c¢(l.2, 2.3, 0.11, 4.5)

>y <- c(l.1, 2.1, 1.3, 4.4)
> pmin (x, V)

(1] 1.10 2.10 0.11 4.40

> x <= c(l.2, 2.3, 0.11, 4.5)
>y <- c(l.1, 2.1, 1.1, 2.1)
> pmin (x, V)

(1] 1.10 2.10 0.11 2.10
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* Package:
¢ Input:

x vettore numerico di dimensione n

y vettore numerico di dimensione n
¢ Description: massimo in parallelo

¢ Formula:
max(z;, y;) Vi=1,2,...,n

¢ Example:

> x <= c(l.2, 2.3, 0.11, 4.5)
>y <- c¢c(l.1, 2.1, 1.3, 4.4)
> pmax (x, V)

[1] 1.2 2.3 1.3 4.5

> x <= c(l.2, 2.3, 0.11, 4.5)
>y <- c¢(l.1, 2.1, 1.1, 2.1)
> pmax (x, V)

[1] 1.2 2.3 1.1 4.5

1.20 Funzioni di analisi numerica

optimize()
* Package:
¢ Input:

£ funzione f(z)

lower estremo inferiore

upper estremo superiore

maximum = TRUE / FALSE massimo oppure minimo

tol tolleranza
¢ Description: ricerca di un massimo oppure di un minimo
¢ Output:

minimum punto di minimo
maximum punto di massimo

objective valore assunto dalla funzione nel punto individuato

e Formula:

maximum = TRUE‘

max fx)

maximum = FALSE‘

min f(a)

¢ Example:




Background

> f <— function(x) x *» exp(-x"3) - (log(x))"2
> optimize(f, lower = 0.3, upper = 1.5, maximum = TRUE, tol = 1le-04)

Smaximum
[1] 0.8374697

Sobjective
[1] 0.4339975

> £ <- function(x) (x - 0.1)"2

> optimize(f, lower = 0, upper = 1, maximum = FALSE, tol = le-04)
Sminimum

[1] 0.1

Sobjective

[1] 7.70372e-34

> f <- function(x) dchisqg(x, df = 8)
> optimize (f, lower = 0, upper = 10, maximum = TRUE, tol = 1le-04)

Smaximum
[1] 5.999999

Sobjective
[1] 0.1120209

optim()
* Package:
¢ Input:

par valore di partenza

fn funzione f(z)

method = "Nelder-Mead" / "BFGS" / "CG" / "L-BFGS-B" / "SANN" metodo di ottimizzazio-
ne

¢ Description: ottimizzazione

Output:

par punto di ottimo

value valore assunto dalla funzione nel punto individuato

Example:

> f <- function(x) x * exp(—-x"3) - (log(x))"2
> optim(par = 1, fn = £, method "BFGS") Spar

[1] 20804.91

> optim(par = 1, fn = f, method "BFGS") Svalue

[1] -98.86214

> f <- function(x) (x - 0.1)"2
> optim(par = 1, fn = f, method = "BFGS") Spar
[1] 0.1
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> optim(par = 1, fn = f, method "BEGS") Svalue
[1] 7.70372e-34

> f <- function(x) dchisqg(x, df = 8)
> optim(par = 1, fn = f, method = "BFGS") Spar

[1] 0.0003649698

> optim(par = 1, fn = f, method "BFGS") Svalue

[1] 5.063142e-13

> nLL <- function (mu, x) {

+ zZ <— mu * X

+ lz <= log(z)

+ Ll <= sum(1lz)

+ L2 <- mu/2

+ LL <- — (L1 - L2)

+ LL

+ }

> x <- c¢(l.2, 3.4, 5.6, 6.1, 7.8, 8.6, 10.7, 12, 13.7, 14.7)
> optim(par = 10000, fn = nLL, method = "CG", x = x)S$par
[1] 9950.6

> optim(par = 10000, fn = nLL, method = "CG", x = x)$value
[1] 4863.693

* Package:

¢ Input:
£ funzione f(x)
lower estremo inferiore
upper estremo superiore
tol tolleranza

maxiter mumero massimo di iterazioni
¢ Description: ricerca di uno zero
¢ Output:

root radice
f.root valore assunto dalla funzione nel punto individuato
iter numero di iterazioni

estim.prec tolleranza

e Formula:

¢ Example:

> f <- function(x) exp(-x) - x
> uniroot (f, lower = 0, upper = 1, tol = 1le-04, maxiter = 1000)




Background

Sroot
[1] 0.5671439

Sf.root
[1] -9.448109e-07

Siter
[11 3

Sestim.prec
[1] 7.425e-05

> f <- function(x) loglO(x) + x
> uniroot (f, lower = 0.1, upper = 1, tol = le-04, maxiter = 1000)

Sroot
[1] 0.3990136

Sf.root
[1] 1.279136e-06

Siter
[1] 5

Sestim.prec

[1] 5e-05
polyroot()
* Package:
¢ Input:

a vettore dei k coefficienti di un polinomio di ordine k£ — 1
¢ Description: ricerca di uno zero in un polinomio

¢ Formula:
a4+ ayr+azzi+ - Fapabt =0

¢ Example:

k <= 3

al <- 3

az <- -2

a3 <- 2

a <- c(al, a2z, a3)
polyroot (a)

vV V. V V V V

[1] 0.5+1.1180341 0.5-1.1180341

> radicel <- 0.5 4+ (04+41.1180341)
> al + a2 * radicel + a3 * radicel”2

[1] -5.0312e-08+01

> radice2 <- 0.5 - (0+41.1180341)
> al + a2 * radice2 + a3 * radice2”"2

[1] -5.0312e-08+01
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> k <-4

al <= 3

az2 <- =2

a3 <- 2

ad <- -1

a <- c(al, a2z, a3, a4)
polyroot (a)

vV V. V V V V

[1] 0.094732+1.2837421 0.094732-1.2837421

> radicel <- 0.09473214 + (0+1.2837421)
> al + a2 * radicel + a3 * radicel”2 + a4

[1] 7.477461e-07-5.808714e-071

> radice2 <- 0.09473214 - (041.2837421)
> al + a2 * radice2 + a3 * radice2”2 + a4

[1] 7.477461e-07+5.808714e-071

> radice3 <- 1.81053571 + (0+01)
> al + a2 * radice3 + a3 * radice3”2 + a4

[1] 1.729401e-08+01

Package:

Input:

1.810536+0.0000001

* radicel”3

* radice2”3

* radice3”3

expr espressione contenente la funzione f(z) da derivare

name variabile z di derivazione

Description: derivata simbolica al primo ordine

Formula:
a
dx
Example:
> D (expr = expression(exp(-x) - x), hame =

—(exp(-x) + 1)

> D(expr = expression(x * exp(-a)), name =

exp (—a)

"X")

IIX")
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Package: |

¢ Input:

expr espressione contenente la funzione f(z) da derivare
name variabile z di derivazione

order il valore k dell’ordine di derivazione

¢ Description: derivata simbolica al k-esimo ordine

¢ Formula:
dk
T f(z)
e Example:
> DD (expr = expression(exp(-x) - x), name = "x", order = 1)
> DD (expr = expression(x x exp(-a)), name = "a", order = 2)
integrate()
* Package:
¢ Input:

£ funzione f(z)
lower estremo inferiore a di integrazione
upper estremo superiore b di integrazione

subdivisions mumero di suddivisioni dell'intervallo di integrazione
¢ Description: integrazione numerica
¢ Output:

value integrale definito

e Formula:

/ab f(z)dx

e Example:

> f <- function(x) exp(-x)

> integrate(f, lower = 1.2, upper = 2.3, subdivisions = 150)
0.2009354 with absolute error < 2.2e-15
> f <- function(x) sqgrt (x)
> integrate(f, lower = 2.1, upper = 4.5, subdivisions = 150)
4.335168 with absolute error < 4.8e-14

f <— function(x) dnorm(x)
> integrate(f, lower = -1.96, upper = 1.96, subdivisions = 150)

0.9500042 with absolute error < 1.0e-11
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1.21 Costanti

* Package:

¢ Description: pi greco

¢ Formula:

e Example:
> pi
[1] 3.141593
> 2 x pi

[1] 6.283185

[Inf]

* Package: |
¢ Description: infinito

¢ Formula:

e Example:
> 2/0
[1] Inf
> -2/0
[1] —-Inf

> 0"Inf

[1] O
> 0/Inf
[1] O

> Inf - Inf

[1] NaN
> Inf/Inf
[1] NaN

> exp (Inf)

[1] Inf
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* Package: |
¢ Description: not a number
e Example:

> Inf - Inf

[1] NaN
> 0/0
[1] NaN

* Package: |
¢ Description: not available
e Example:

> x <= c(l1.2, 3.4, 5.6, NA)
> mean (x)

[1] NA

> mean (x, na.rm TRUE)

[1] 3.4

* Package: |
¢ Description: oggetto nullo

¢ Example:

> x <= c(1.2, 3.4, 5.0)

> names (x) <- c("a", "b", "c")
> names (x) <- NULL

> X

[1] 1.2 3.4 5.6

* Package: |
¢ Description: vero
e Example:

> TRUE | TRUE
[1] TRUE
> TRUE & TRUE

[1] TRUE
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* Package:
¢ Description: vero
e Example:

> T

[1] TRUE

> T & T

[1] TRUE

F]

* Package: |
¢ Description: falso
e Example:

> FALSE | TRUE

[1] TRUE

> FALSE & TRUE

[1] FALSE

* Package:

¢ Description: falso

¢ Example:

[1] TRUE
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1.22 Miscellaneous

list()
* Package:

¢ Description: creazione di un oggetto lista

¢ Example:

> x <- c¢(7.8, 6.6, 6.5, 7.4, 7.3, 7, 6.4, 7.1)
>y <- c(4.5, 5.4, 6.1, 6.1, 5.4)

> lista <- list(x = x, y = V)

> lista

Sx

[1] 7.8 6.6 6.5 7.4 7.3 7.0 6.4 7.1

Sy
[1] 4.5 5.4 6.1 6.1 5.4

> listal[l]

Sx
[1] 7.8 6.6 6.5 7.4 7.3 7.0 6.4 7.1

> Jlistas$x

(1] 7.8 6.6 6.5 7.4 7.3 7.0 6.4 7.1

> listal[[1]]

[1] 7.8 6.6 6.5 7.4 7.3 7.0 6.4 7.1

> listal[[1]][1]

[11 7.8
> listal[2]
Sy

[1] 4.5 5.4 6.1 6.1 5.4

> listaSy

[1] 4.5 5.4 6.1 6.1 5.4

> listal[[2]]

[1] 4.5 5.4 6.1 6.1 5.4

> listal[2]][1]

[1] 4.5

x <- c(1, 2.3, 4.5, 6.7, 8.9)

y <- c(154, 109, 137, 115, 140)

z <- c(l108, 115, 126, 92, 146)
lista <- list(x = x, v =y, 2 = 2)

vV V. V V V

lista
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Sx
[1] 1.0 2.3 4.5

Sy
[1] 154 109 137

Sz
[1] 108 115 126

> listal[l]

Sx
[1] 1.0 2.3 4.5

> lista$x

[1] 1.0 2.3 4.5

> listal[[1l]]

[1] 1.0 2.3 4.5

> listal[l]][1]

(11 1

> listal2]

Sy
[1] 154 109 137

> listaSy

[1] 154 109 137

> listal[[2]]

[1] 154 109 137

> listal[[2]]1[1]

[1] 154

> listal[3]

Sz
[1] 108 115 126

> lista$z

[1] 108 115 126

> listal[[3]]

[1] 108 115 126

> lista[[3]]1[1]

6.7 8.9

115 140

92 146

6.7 8.9

115 140

115 140

115 140

92 146

92 146

92 146
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[1] 108
> x <- c(1, 2, 3)
>y <- c(11, 12, 13, 14, 15)
> lista <- list(x, V)
> lista
[[1]]
1] 1.2 3

[1] 11 12 13 14 15

> names (lista)

NULL

> x <—= c(1, 2, 3)

>y <- c(11, 12, 13, 14, 15)
> lista <- list(A = x, B = vy)
> lista

SA

[11 1 2 3

SB

[1] 11 12 13 14 15

> names (lista)

[ 1 ] " A " n B n
lapply()
* Package:
¢ Input:

x oggetto lista

FUN funzione
¢ Description: applica la funzione FUN ad ogni elemento di lista
e Example:

> vecl <- c¢(7.8, 6.6, 6.5, 7.4, 7.3, 7, 6.4, 7.1)
> mean (vecl)

[1] 7.0125

> vec?2 <- c(4.5, 5.4, 6.1, 6.1, 5.4)
> mean (vec?2)

[1] 5.5

> x <= list (vecl = vecl, vec2 = vec2)
> lapply(x, FUN = mean)
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Svecl
[1] 7.0125

Svec?2
[1] 5.5

> vecl <- c(1, 2.3, 4.5, 6.7, 8.9)
> sd(vecl)

[1] 3.206556

> vec2 <- c(154, 109, 137, 115, 140)
> sd(vec?2)

[1] 18.61451

> vec3 <- c (108, 115, 126, 92, 1406)
> sd(vec3)

[1] 20.19406

> x <- list (vecl = wvecl, vec2 = vec2, vec3 = vec3)

> lapply (x, FUN sd)

Svecl
[1] 3.206556

Svec?2
[1] 18.61451

Svec3
[1] 20.19406

.Last.value |

* Package:
¢ Description: ultimo valore calcolato
¢ Example:

> 2 + 4
[1] 6
> .Last.value

[1] "stats" "graphics" "grDevices"
[7] "base"

> 3 x 474.2
[1] 1013.382
> .Last.value

[1] "stats" "graphics" "grDevices"
[7] "base"

"utils"

"utils"

"datasets"

"datasets"

"methods™"

"methods™"
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identical()
* Package:
¢ Description: uguaglianza tra due oggetti
e Example:
> u <- c(l, 2, 3)

> v <- c(1, 2, 4)
> if (identical(u, v)) print ("uguali") else print ("non uguali")

[1] "non uguali"

> u <= c(l, 2, 3)
> v <- c(l, 3, 2)
> identical (u, v)

[1] FALSE

any()

* Package:
¢ Input:
x vettore numerico di dimensione n

¢ Description: restituisce TRUE se almeno un elemento del vettore soddisfa ad una condizione fissata
¢ Example:

> x <= c¢c(3, 4, 3, 2, 4, 1)

> x < 2

[1] FALSE FALSE FALSE FALSE FALSE TRUE

> any(x < 2)

[1] TRUE

[1] FALSE FALSE FALSE FALSE TRUE TRUE TRUE TRUE

> any (x > 4)

[1] TRUE
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* Package:
¢ Input:
x vettore numerico di dimensione n

¢ Description: restituisce TRUE se tutti gli elementi del vettore soddisfano ad una condizione fissata
e Example:

> x <= c(3, 4, 3, 2, 4, 1)
> x < 2

[1] FALSE FALSE FALSE FALSE FALSE TRUE
> all(x < 2)
[1] FALSE

> x <- ¢(1, 2, 3, 4, 5, 6, 7, 8)
> x > 4

[1] FALSE FALSE FALSE FALSE TRUE TRUE TRUE TRUE
> all(x > 4)

[1] FALSE

match()
* Package:
¢ Input:

x vettore numerico di dimensione n
table vettore numerico y di dimensione m

nomatch alternativa da inserire al posto di NA
¢ Description: per ogni elemento di x restituisce la posizione della prima occorrenza in y

e Example:

> x <- c¢(1, 1, 1, 2, 2, 2, 3, 3, 3, 4, 4, 4, 5, 5, 5
> match (x, table = c (2, 4), nomatch = 0)

(1] 0001110002 22¢0¢00O0

> x <- c¢(1, 1, 1, 2, 2, 2, 3, 3, 3, 4, 4, 4, 5, 5, 5
> match(x, table = c (2, 4), nomatch = NA)

[1] NANANA 1 1 1 NANANA 2 2 2 NA NA NA

> match(x = ¢(-3, 3), table = c¢(5, 33, 3, 6, -3, -4, 3, 5, =-3),
+ nomatch = NA)

[1] 5 3




Background

outer()
* Package:
¢ Input:

X vettore numerico z di dimensione n
Y vettore numerico y di dimensione m

FUN funzione f(z, y)

* Description: applica la funzione FUN ad ogni coppia ordinata costituita da un elemento di = ed uno di y

¢ Formula:
flea,y;) YVi=1,2,...,n Vji=1,2,...,m
e Example:
> outer(X = c(1, 2, 2, 4), Y = c(l1.2, 2.3), FUN = "+4+")
(11 [,2]
(1,1 2.2 3.3
(2,1 3.2 4.3
[3,1 3.2 4.3
(4,17 5.2 6.3
> outer (X = c(1, 2, 2, 4), Y =c(l1.2, 2.3), FUN = "x")
(11 [,2]
[1,] 1.2 2.3
[(2,] 2.4 4.6
[3,] 2.4 4.6
(4,1 4.8 9.2
expression()
* Package: pasH]|
¢ Input:
x oggetto

¢ Description: crea una espressione simbolica

¢ Example:
> u <- c(4.3, 5.5, 6.8, 8)
> w <- C(4I 5/ 6! 7)
> z <- expression(x = u/w)
> z
expression(x = u/w)
> u <- c(l1.2, 3.4, 4.5)
> w <= c(1l, 2, 44)
> z <— expression(x = u * w)
> z

expression(x = u * w)
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* Package:
¢ Input:
expr espressione simbolica
* Description: valuta una espressione simbolica
e Example:

> u <- c(4.3, 5.5, 6.8, 8)
> w <- c(4, 5, 6, 7)

> z <- expression(x = u/w)
> eval (expr = z)

[1] 1.075000 1.100000 1.133333 1.142857

> u <- c(l.2, 3.4, 4.5)
> w <- c(l, 2, 44)
> z <— expression(expr = u * w)
> eval (z)
[1] 1.2 6.8 198.0
replace()
* Package:
¢ Input:

x vettore numerico di dimensione n
list indice dell’elemento da rimpiazzare

values valore da inserire
¢ Description: rimpiazza un elemento del vettore z
e Example 1:

> X <= C(l, 2/ 3/ 4, 5, 6/ 7, 8)
> replace(x, list = 1, values = 10)

[l1] 10 2 3 4 5 6 7 8

[1] 123 456738

e Example 2:

> x <- c¢(1.2, 3.4, 5.6, 7.8)
> replace(x, list = 3, values = 8.9)

[1] 1.2 3.4 8.9 7.8

[1] 1.2 3.4 5.6 7.8

¢ Note: Il vettore x rimane invariato.




Background

* Package:
¢ Description: scrittura rapida di un valore numerico potenza di 10
e Example:

> le3

[1] 1000
> —2e-2
[1] -0.02
> le-2
[1] 0.01
> 3e4d

[1] 30000

* Package:
¢ Input:
x valore naturale
¢ Description: verifica numero pari

¢ Example:

> even(x = 22)
[1] TRUE

> even(x = 7)
[1] FALSE

Package:
¢ Input:

x valore naturale

¢ Description: verifica numero dispari

Example:

> odd(x = 22)
[1] FALSE
> odd(x = 7)

[1] TRUE
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]

* Package:

* Description: notazione polacca inversa (RPN)

e Example:

> 1 + 2
[1] 3

> 3 x 4.2
[1] 12.6

¢ Note: RPN = Reverse Polish Notation.

ged()
* Package:
¢ Input:

x valore naturale

y valore naturale
¢ Description: massimo comun divisore
¢ Example:

> gcd(x = 6, y = 26)

[1] 2
> gcd(x = 8, y = 36)
[1] 4

* Package:
¢ Input:

x valore naturale

y valore naturale
¢ Description: minimo comune multiplo
e Example:

> scm (6, 14)

[1] 42
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is.vector()
* Package:
¢ Input:
x oggetto
¢ Description: oggetto di tipo vettore
e Example 1:

> x <—- c(l.2, 2.34, 4.5, 6.7, 8.9)
> is.vector (x)

[1] TRUE
> is.matrix(x)
[1] FALSE

¢ Example 2:

> x <- matrix(data = 1:12, nrow = 3, ncol = 4)
> x
[,11 [,2] [,3] [,4]
1,1 1 4 7 10
[2,1 2 5 8 11
[3,] 3 6 9 12

> is.vector (x)

[1] FALSE

> is.matrix(x)

[1] TRUE

¢ Example 3:

> x <- matrix(data = 1:12, nrow = 3, ncol = 4)
> x
(11 [,21 [,31 [,4]
[1,1 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12

> 1is.vector (x)

[1] FALSE

> is.matrix (x)

[1] TRUE
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is.matrix()
* Package:
¢ Input:
x oggetto
¢ Description: oggetto di tipo matrice
e Example 1:

> x <— ¢c(l1.2, 2.34, 4.5, 6.7, 8.9)
> is.vector (x)

[1] TRUE
> is.matrix (x)
[1] FALSE

¢ Example 2:

> X <- matrix(data = 1:12, nrow = 3, ncol = 4)
> x
(11 [,21 [,31 [,4]
(1,1 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12

> is.vector (x)
[1] FALSE
> is.matrix (x)

[1] TRUE

e Example 3:

> x <- matrix(data = 1:12, nrow = 3, ncol = 4)
> x
(11 [,21 [,31 [,4]
(1,1 1 4 7 10
[2,]1 2 5 8 11
[3,] 3 6 9 12

> is.vector (x)

[1] FALSE

> is.matrix (x)

[1] TRUE
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Capitolo 2

Vettori, Matrici ed Arrays

2.1 Creazione di Vettori

* Package:
¢ Input:

. oggetti da concatenare

recursive = TRUE / FALSE concatenazione per oggetti di tipo 1ist ()
¢ Description: funzione di concatenazione
e Example:

> x <- c(1.2, 3.4, 5.6, 7.8)
> X

[1] 1.2 3.4 5.6 7.8

> x <- c(x, 9.9)
> x

(1] 1.2 3.4 5.6 7.8 9.9

> x <= c(l.2, 3.4, 5.6, 7.8)
> X

[1] 1.2 3.4 5.6 7.8

> x[5] <= 9.9
> X

[1] 1.2 3.4 5.6 7.8 9.9

> x <— C("a", "b")

[1} "a" "b"

> X <— C("a", "b")

[1] "a" "b"

> X <— C("a", "b", "a", "a", "b")
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[11 "a" "b"

> x <- c(x,

[1] "a" "b"

> x <= c("a

> x
[1] "a" "b"
> x[6] <= "
> x
[1] "a" "b"

> X <— C("a"

[1] "a" "1"

> x <- c(x,

[11 "a" "1"

> lista <-—
> lista

Sprimo
(11 1 2 3

$Ssecondo
[1] 1.2 5.0

> vettore <
> vettore

primol
1.0

\4

y <- 1.2
z <—- y[-1
>z

\%

numeric (0)

* Note 1: Se il vettore € molto lungo, conviene utilizzare la funzione [scan

* Note 2: I vettori alfanumerici possono essere definiti usando " oppure '.

"a" "a" "b"

"a")

"a" "a" "b" "a"

H, llb", lla", lla", "bll)

"a" "a" "b"
a."
"a" "a" "b" "a"
1)
2)
"2"

list (primo = c (1, 2,

— c(lista, recursive

primo2
2.0 3.0

]

3), secondo

= TRUE)

1.2

primo3 secondol secondo2

5.6
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* Package:
¢ Input:
what = double (0) / "character" tipo dei dati numerico oppure carattere
¢ Description: creazione di un vettore
e Example:

> x <— scan(what = double (0))
> x <- scan (what

"character")

* Package:
¢ Input:
x vettore alfanumerico di dimensione n
¢ Description: estrazione di elementi da un vettore
e Example:

> x <= c(l.2, 3.4, 5.6, 7.8, 9, 9.9)
> X

[1] 1.2 3.4 5.6 7.8 9.0 9.9

> x[1:3]

[1] 1.2 3.4 5.6
> x[-c(1:3)]

[1] 7.8 9.0 9.9
> x[-(1:3)]

[1] 7.8 9.0 9.9

[1] 1.2 7.8
> x[x > 6.3]
[1] 7.8 9.0 9.9

> xXx[x > 6.3 & x < 9.7]
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[1] 7.8 9.0
> x[c (TRUE, TRUE, FALSE, FALSE, TRUE, TRUE)]

[1] 1.2 3.4 9.0 9.9

numeric (0)
> x[c(l, 2, NA)]
[1] 1.2 3.4 NA

> names (X) <— c("a" "b", "C", "d", llell’ llf")
> X

Package:
Input:

x vettore numerico di dimensione n
Description: assegnazioni di nomi agli elementi di un vettore
Example:

> x <= c(1.2, 3.4, 5.06)
> names (x)

NULL

> names (x) <- c("primo", "secondo", "terzo")
> x

primo secondo terzo
1.2 3.4 5.6

> names (X)
[1] "primo" "secondo" "terzo"

> x[c("primo", "terzo")]

primo terzo
1.2 5.6

> names (x) <- NULL
> names (x)

NULL
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vector()
* Package:
¢ Input:

mode = "numeric" / "complex" / "logical" tipo di oggetto

length valore n della dimensione

¢ Description: inizializzazione di un vettore di dimensione n

e Example:
> x <- vector (mode = "numeric", length = 5)
> x

[1] 0 0O 00O

> x <- vector (mode = "complex", length = 3)
> X

[1] 0+0i 0+01i 0+01i

> x <- vector (mode = "logical", length = 4)
> x

[1] FALSE FALSE FALSE FALSE

* Package:
¢ Input:
length dimensione
¢ Description: inizializzazione di un vettore numerico di dimensione n
¢ Example:

> x <— numeric (length = 5)
> X

[1] O 00 OO

> x <— numeric (length = 4)
> x

[1] 0O 0 0O
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* Package:
¢ Input:
length dimensione

¢ Description: inizializzazione di un vettore complesso di dimensione n

¢ Example:
> x <- complex(length = 5)
> x

[1] 0+01i 0+01i 0+0i 0+401i 0+01

> x <- complex (length = 4)
> x

[1] 0+01i 0+01i 0+01i 0+01

logical()
* Package:
¢ Input:

length dimensione

Description: inizializzazione di un vettore logico di dimensione n
e Example:

> x <- logical (length = 5)
> x

[1] FALSE FALSE FALSE FALSE FALSE

> x <= logical (length = 4)
> X

[1] FALSE FALSE FALSE FALSE

* Package:
¢ Input:

x vettore numerico di dimensione m
n numero di elementi

¢ Description: seleziona i primi n elementi
e Example:

> x <- c¢(1.2, 3.2, 3.3, 2.5, 5, 5.6)
> head(x, n = 2)

[1] 1.2 3.2

> x <- c(4.5, 6.7, 8.9, 7.7, 11.2)
> head(x, n = 3)

[1] 4.5 6.7 8.9
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Package:
¢ Input:

x vettore numerico di dimensione m

n numero di elementi

Description: seleziona gli ultimi »n elementi

e Example:

> x <- ¢(1.2, 3.2, 3.3, 2.5, 5, 5.06)
> tail(x, n = 3)

[1] 2.5 5.0 5.6

.7, 8.9, 7.7, 11.2)

* Package:
¢ Input:

x vettore numerico di dimensione n

y vettore numerico di dimensione m

Description: prodotto esterno

e Formula:

TiYj Vi = 1, 2,...,71 V_] = 1, 2,...

¢ Example:

<- c(1, 2, 3, 4)
<-4

<- c(l.2, 3.4)
<= 2

o ~ 0O

$0% Yy

V V V V V
X 35X
OOO\.b;\)‘—'

vV V V V V
X B K DX
A
|
Q
-

-

N
»

w
&
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append()
* Package:
¢ Input:

x vettore numerico di dimensione n
values valore v numerico

after valore j naturale
¢ Description: aggiunge un elemento ad un vettore

e Formula:

after <0

U, 1y, X2y -+., T

L1y L2y ooy T, U

1 < after <n-1

L1y L2y vy Ljy Uy Tj4ly Tj42, - ooy Tn

e Example:

> x <= c(l.2, 3.4, 5.6)

> append(x, values = 6, after = -2)

[1] 6.0 1.2 3.4 5.6

> x <= c(l.2, 3.4, 5.6)

> append(x, values = 6, after = 2)

[1] 1.2 3.4 6.0 5.6

> x <= c(1.2, 3.4, 5.6)

> append(x, values = 6, after = 7)

[1] 1.2 3.4 5.6 6.0

sapply()
* Package:
¢ Input:

X vettore numerico di dimensione n

FUN funzione scelta
¢ Description: applica FUN ad ogni elemento del vettore X
¢ Example:

> sapply (X = c(1.2, 3.2, 4.5, 6.7), FUN = sin)
[1] 0.93203909 -0.05837414 -0.97753012 0.40484992

> sapply(X = c¢(1.2, 3.2, 4.5, 6.7), FUN = log)
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[1] 0.1823216 1.1631508 1.5040774 1.9021075

a <-c(2, 4, 7, 3, 5, 2, 9, 0)

X <= c(2, 4, 6)

myfun <- function(x) which(a > x)
sapply (X, FUN = myfun)

vV V V V

> x <-— c¢(1.5, 6.4, 9.6, 8.8, 7.7, 2.2, 4.8)
> sapply (X = 1:5, FUN = function (i) sample(x, size = 3, replace = FALSE))

(11 [,21 [,31 [,4] [,5]
[1,] 9.6 8.8 2.2 1.5 7.7
(2,7 1.5 9.6 9.6 7.7 9.6
[3,] 8.8 6.4 7.7 9.6 6.4
> x <- matrix(data = c(2, 3, 4, 5, 5, 4, 1, 3, 4, 7, 6, 5, 12,
+ 13, 4, 11, 21, 10, 9, 7), nrow = 4, ncol = 5)
> x
(11 [,21 [,31 [,4] [,5]
[1,1 2 5 4 12 21
[2,]1 3 4 7 13 10
[3,] 4 1 6 4 9
[4,] 5 3 5 11 7

> fattore <- factor(c(l, 2, 2, 1), labels = letters[l:2])
> fattore

[1] a b b a
Levels: a b

> sapply (X = l:ncol(x), FUN = function(i) tapply(x[, 1], INDEX = fattore,
+ FUN = mean))
(11 [,21 [,3]1 [,4]1 [,5]
a 3.5 4.0 4.5 11.5 14.0
b 3.5 2.5 6.5 8.5 9.5

> myfun <- function(x) prod(l:x)
> sapply (X = 1:5, myfun)

[1] 1 2 6 24 120

x <- c¢c(1.1, 2.3, 4.5, 6.7, 8.9, 3.4, 5.6, 6.7)
y <- c(1.5, 6.4, 9.6, 8.8, 8.86, 7.8, 8.6, 8.6)
sumsg <- function(b, xv = x, yv = vy) {

vhat <= 1.2 + b » xv

sum( (yv — vyhat)"2)

<

}
b <= seq(0, 2, by = 0.05)
sapply (X = b, FUN sumsq)

vV V. + + + V V V
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1] 367.20560 339.53785 313.06340 287.78225 263.69440 240.79985 219.09860
8] 198.59065 179.27600 161.15465 144.22660 128.49185 113.95040 100.60225
5] 88.44740 77.48585 67.71760 59.14265 51.76100 45.57265 40.57760
2] 36.77585 34.16740 32.75225 32.53040 33.50185 35.66660 39.02465
9] 43.57600 49.32065 56.25860 64.38985 73.71440 84.23225 95.94340
6] 108.84785 122.94560 138.23665 154.72100 172.39865 191.26960

subset()
* Package:
¢ Input:

x vettore numerico di dimensione n

subset selezione
* Description: sottoinsieme del vettore x

e Example 1:

> x <- ¢(7.8, 6.6, 6.5, 7.4, 7.3, 7, 6.4, 7.1, 6.7, 7.6, 6.8)
> subset (x, subset = x > 7.5)
[1] 7.8 7.6
e Example 2:
> x <- c¢(7.8, 6.6, 6.5, 6.6)
> subset (x, subset = x == 6.0)

[1] 6.6 6.6

2.2 Creazione di Matrici

matrix()
* Package:
¢ Input:

data vettore numerico di dimensione nm

nrow numero n di righe

ncol numero m di colonne

byrow = TRUE / FALSE elementi disposti per riga oppure per colonna

dimnames etichette di riga e di colonna
¢ Description: definizione di una matrice

¢ Example:

> n <— 2
> m <— 3
> x <- c¢(1, -0.2, 3, 1.1, -0.3, 3.2)
> A <- matrix(data = x, nrow = n, ncol = m, byrow = TRUE)
> A
[,11 [,2] [,3]
[1,] 1.0 -0.2 3.0
[2,] 1.1 -0.3 3.2
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> n <- 3
> m <- 2
> x <- c¢(1, -0.2, 3, 4, 5.6, 6.7)
> A <- matrix(data = x, nrow = n,
> A

[,11 [,2]
[1,1 1.0 4.0
2,1 -0.2 5.6
[3,1] 3.0 6.7
> n <- 2
> m <- 3
> x <= 0
> A <- matrix(data = x, nrow = n,
> A

(11 [,21 [,3]
[1,]1 0 0 0
[2,] 0 0 0
> n <- 2
> m <- 3
> x <— 1
> A <- matrix(data = x, nrow = n,
> A

(11 [,21 [,3]
[1,1 1 1 1
[2,] 1 1 1
> n <- 3
> m <- 3
> x <= 1:9
> riga <= c("r1", "r2", "r3")
> colonna <- c("cl1", "c2", "c3")
> A <- matrix(data = x, nrow = n,
+ colonna))
> A

cl c2 c3

rl 1 4 7
r2 2 5 8
r3 3 6 9

Package:
¢ Input:

ncol

ncol

ncol

ncol

x vettore numerico di dimensione nm

¢ Description: dimensione

e Example:
> n <— 3
> m <— 3
> x <= 1:9
> dim(x) <- c(n, m)
> x

m,

m)

m)

m,

byrow

byrow

FALSE)

FALSE,

dimnames

list(riga,
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[,11 [,21 [,3]
[1,1] 1 4 7
(2,1 2 5 8
[3,] 3 6 9
>n <— 1
> m <— 5
> x <— 1:5
> dim(x) <- c(n, m)
> X
[,11 [,21 [,3]1 [,4] [,5]
[1,] 1 2 3 4 5
rownames()\
* Package: [pasd]|
¢ Input:

x matrice di dimensione n x m
¢ Description: etichette di riga
¢ Example:

> x <- matrix(data = c(1, 3, 5, 2, 4, 1), nrow = 2, ncol = 3, byrow = TRUE)

> X

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

> rownames (x)

NULL

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

> X

(11 [,2] [,3]
rl 1 3 5
r2 2 4 1

> rownames (x)

[1] "rlﬂ "r2"

> x <- matrix(data = c(1, 4, 2, 3, 3, 2, 4, 1, 3.4, 4.3, 4.5¢0,

+ 11.1), nrow = 3, ncol = 4)
> x
(11 [,21 [,31 [,4]
(1,1 1 3 4.0 4.30
[2,] 4 3 1.0 4.56
[3,] 2 2 3.4 11.10

> rownames (x)

NULL
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> rownames (x) <- c("rl1", "r2", "r3")

> X

(11 [,2] [,3] [,4]
rl 1 3 4.0 4.30
r2 4 3 1.0 4.56
r3 2 2 3.4 11.10

> rownames (x)

[1] "rlﬂ "r2" "r3"

colnames() ‘
* Package:
¢ Input:

x matrice di dimensione n x m
¢ Description: etichette di colonna
¢ Example:

> x <- matrix(data = c(1, 3, 5, 2, 4, 1), nrow = 2, ncol = 3, byrow = TRUE)

> X

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

> colnames (x)

NULL

> colnames (x) <- c("cl1", "c2", "c3")
> x

> colnames (x)

[1] "Cl" "C2" "C3"

> x <- matrix(data = c(1, 4, 2, 3, 3, 2, 4, 1, 3.4, 4.3, 4.5¢0,

+ 11.1), nrow = 3, ncol = 4)
> x
[,11 [,21 [,3] [,4]
[1,1 1 3 4.0 4.30
[2,] 4 3 1.0 4.5¢6
[3,] 2 2 3.4 11.10

> colnames (x)

NULL
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> colnames (x) <- c("cl1", "c2", "c3", "c4d")

> x

cl c2 c3 c4d
(1,1 1 3 4.0 4.30
(2,1 4 3 1.0 4.56
[3,] 2 2 3.4 11.10

> colnames (x)

[11 "Cl" "c2" "C3" "c4"

dimnames() \

* Package:
¢ Input:
x matrice di dimensione n x m
¢ Description: etichette di riga e di colonna

e Example:

> x <— matrix(data = 1:9, nrow 3, ncol = 3)
> x
[,11 [,2] [,3]
[1,1 1 4 7
(2,1 2 5 8
[3,] 3 6 9

> dimnames (x)

NULL

> dimnames (x) <- list(c("rl", "r2", "r3"), c("cl", "c2", "c3"))
> x

cl c2 c3
rl 1 4 7
r2 2 5 8
r3 3 6 9

> dimnames (x)

[[1]]
[11 "rl" "r2" "r3"

([21]
[1] "Cl" "CZ" "C3"
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* Package:
¢ Input:
A matrice di dimensione n x m
¢ Description: estrazione di elementi da una matrice

e Example:

> A <- matrix(data = 1:9, nrow = 3, ncol = 3)
> dimnames (A) <- list(c("rl1l", "r2", "r3"), c("cl", "c2", "c3"))
> n <—- 3
> m <— 3
> A[2, 3]
[1] 8
> A[l, ]
cl c2 c3
1 4 7

> Al"rl", ]

cl c2 c3
1 4 7

rl r2 r3

> A[, "c3"]

cl c2 c3
rl 1 4 7
r2 2 5 8

> A[c("rlll, |'r2l'), ]

cl c2 c3
rl 1 4 7
r2 2 5 8

c2 c3
rl 4 7
r2 5 8
r3 6 9

> A[, C("CZ", "e3m) ]
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c2 c3
rl 4 7
r2 5 8
r3 6 9

> A[I 73]

cl c2
rl 1 4
r2 2 5
r3 3 6

> A[A[, "c2"] > 4.1, ]

cl c2 c3
r2 2 5 8
r3 3 6 9

> x[x > 3]

[1] 4 56 7 89

> A <- matrix(data = c(1.2, 3.4,
> is.matrix (A)

[1] TRUE

> myvec <— A[l, ]
> is.vector (myvec)

[1] TRUE

> myvec2 <— A[, 1]
> is.vector (myvec2)

[1] TRUE

> myvec3 <- A[l, , drop = FALSE]
> is.vector (myvec3)

[1] FALSE

> is.matrix (myvec3)

[1] TRUE

-1y

nrow

1,

ncol

5)
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Package:
¢ Input:

data matrice di dimensione n x m
¢ Description: colonna di appartenenza di ogni elemento

e Example:

> X <- matrix(data = 1:9, nrow = 3, ncol = 3)
> x

[,11 [,2] [,3]
[1,1 1 4 7
[2,] 2 5 8
[3,] 3 6 9
> n <—- 3
>m <— 3
> col (x)

[,11 [,21 [,3]
1,1 1 2 3
[2,1] 1 2 3
[3,] 1 2 3

> x <- matrix(data = c¢(1.1, 2.3, 4.5, 6.7, 8.8,

+ ncol = 3)
> x

[,11 [,21 [,3]
[1,1 1.1 4.5 8.8
[2,] 2.3 6.7 6.1
> n <— 2
> m <— 3
> col (x)

Package:
¢ Input:
data matrice di dimensione n x m
* Description: riga di appartenenza di ogni elemento

¢ Example:

> x <- matrix(data = 1:9, nrow = 3, ncol = 3)
> X
[,11 [,2] [,3]
(1,1 1 4 7
[2,] 2 5 8
(3,1 3 6 9

-1y

nrow

2,
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> n <- 3
> m <- 3
> row (x)
(11 [,21 [,3]
(1,1 1 1 1
[2,] 2 2 2
[3/,] 3 3 3
> x <- matrix(data = c¢(1.1, 2.3, 4.5, 6.7, 8.8, 6.1), nrow = 2,
+ ncol = 3)
> n <— 2
> m <— 3
> row (x)
(11 [,21 [,3]
(1,1 1 1 1
[2,] 2 2 2
head()
+ Package: [E1TH
¢ Input:

data matrice di dimensione k£ x m
n numero di righe

* Description: seleziona le prime n righe

e Example:

> X <- matrix(data = 1:9, nrow = 3, ncol = 3)
> x
[,11 [,2] [,3]
1,1 1 4 7
[2,] 2 5 8
[3,] 3 6 9
> k <-= 3
> m <— 3

> head(x, n = 2)

> x <- matrix(data = 1:9, nrow = 3, ncol = 3, byrow = TRUE)

> X

[,11 [,2] [,3]
1,1 1 2 3
[2,] 4 5 6
[3,] 7 8 9
> k <- 3
>m <— 3

> head(x, n = 2)
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Package:
¢ Input:

data matrice di dimensione k& x m

n numero di righe

¢ Description: seleziona le ultime n righe

e Example:
> x <- matrix(data = 1:9, nrow = 3, ncol = 3)
> x
[,11 [,21 [,3]
1,1 1 4 7
[2,] 2 5 8
[3,] 3 6 9
> k <= 3
> m <— 3
> tail(x, n = 2)

2,1 2 5 8
[3,] 3 6 9
> x <- matrix(data = 1:9, nrow = 3, ncol = 3, byrow = TRUE)
> k <= 3
> m <—- 3
> tail(x, n = 2)
(11 [,21 [,3]
[2,] 4 5 6
[3/,] 7 8 9

* Package: [fUtilities
¢ Input:
x matrice di dimensione m x n

* Description: seleziona gli elementi della sezione triangolare inferiore di una matrice simmetrica

e Example:

> x <- matrix(data = c¢(1, 2, 3, 4, 2, 4, 5, 6, 3, 5, 7, 8, 4, 6,

+ 8, 9), nrow = , ncol = 4)
> x
(11 [,21 [,31 [,4]
(1,1 1 2 3 4
[2,] 2 4 5 6
(3,1 3 5 7 8
(4,1 4 6 8 9
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1,1 1 2 3 4 4 5 6 7 8 9

> x <- matrix(data = c¢(11, 12, 13, 12, 14, 15, 13, 15, 16), nrow = 3,
+ ncol = 3)

> x

(11 [,2) [,3] [,4]) [,5] [,6]
[1,] 11 12 13 14 15 16

xpnd()

* Package:
¢ Input:
x vettore numerico di dimensione n (n + 1) /2
nrow numero n di righe
¢ Description: crea una matrice simmetrica a partire da un vettore

e Example:

> xpnd (x c(1, 2, 3, 4, 4, 5, 6, 7, 8, 9), nrow

4)

o U1 b N
O 0 O b —

> xpnd(x = c(11, 12, 13, 14, 15, 16), nrow = 3)

(1,1 11 12 13

[2,] 12 14 15

[3,] 13 15 16
length()

* Package:
¢ Input:

A matrice di dimensione n x m

¢ Description: numero di elementi

e Formula:

¢ Example:
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> A <- matrix(data = 1:9, nrow = 3, ncol = 3)
> A
[,11 [,2] [,3]
1,1 1 4 7
[2,] 2 5 8
[3,] 3 6 9
> n <—- 3
>m <— 3
> n o+ m
[1] 9

> length (A)

[1] 9

> A <- matrix(data = c(1.2, 4.5, 2.3, 3.1), nrow

> A

[,11 [,2]
[1,]1 1.2 2.3
[2,] 4.5 3.1
> n <- 2
> m <- 2
> n x m
[1] 4

> length (A)

[1] 4

* Package:
¢ Input:

A matrice di dimensione n x m

B matrice di dimensione n x k

* Description: unisce due matrici accostandole per colonna

e Example:
> A <- matrix(data = c¢(9.9, 1, 12), nrow = 3, ncol
> A
[,1]
1,1 9.9
[2,] 1.0
[3,]1 12.0
> B <- matrix(data = 1:3, nrow = 3, ncol = 1)
> B

2,

ncol

1)

2)
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[,1]
[1,] 1
[2,] 2
(3,1 3
> n <— 3
> m <— 1
> k <=1
> cbind (A, B)
[,11 [,2]
[1,1 9.9 1
[2,] 1.0 2
[3,] 12.0 3
> A <- matrix(data = 1:2, nrow
> A
[,11]
(1,1 1
[2,] 2
> B <- matrix(data = 3:4, nrow
> B
[,1]
(1,1 3
[2,] 4
> n <— 2
>m <— 1
> k <=1
> cbind (ZA, B)

* Package:
¢ Input:

A matrice di dimensione n x m

B matrice di dimensione k£ x m

2,

2,

ncol

ncol

¢ Description: unisce due matrici accostandole per riga

¢ Example:

> A <- matrix(data = c¢(9.9, 1,
> A

[,11 [,2] [,3]
(1,1 9.9 1 12
> B <- matrix(data = 1:3, nrow
> B

12),

1,

nrow

ncol

1,

ncol

3)
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[1,1 1 2 3
>n <— 1

> m <— 3

> k <=1

> rbind (A, B)

[,11 [,2] [,3]
(1,17 9.9 1 12
(2,1 1.0 2 3
> A <- matrix(data = 1:2, nrow = 2, ncol = 1)
> A
[,1]
(1,1 1
[2,] 2
> B <- matrix(data = 3:4, nrow = 2, ncol = 1)
> B
[,1]
[1,] 3
[2,] 4
> n <- 2
> m <—- 1
> k <= 2
> rbind (A, B)

SN

toeplitz()

* Package:
¢ Input:
data vettore numerico di dimensione n
* Description: matrice simmetrica di Toeplitz di dimensione n x n
e Example:
> x <— 1:3

> n <- 3
> toeplitz(x)
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> x <- c¢(-2.05, -1.04, 0.92, -0.67, 0.82, 0.09, -0.64, 0.21, 0.02,
+ 1.83)

> d <- 3

> rho <- as.vector(acf(x, lag = d - 1, plot = FALSE) $acf)

> rho

[1] 1.000000000 -0.007736872 —-0.054134090

> toeplitz (rho)

[,1] [,2] [,3]
[1,] 1.000000000 -0.007736872 —-0.054134090
[2,] -0.007736872 1.000000000 -0.007736872
[3,] -0.054134090 -0.007736872 1.000000000

hilbert()
* Package:
¢ Input:
n valore n naturale
¢ Description: matrice di Hilbert

¢ Formula:
1/(i+7-1) Vi=1,2...,n VYj=1,2...,n

e Example:

> n <-= 5
> hilbert (n)

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

[1,] 1.0000000 0.5000000 0.3333333 0.2500000 0.2000000
[2,] 0.5000000 0.3333333 0.2500000 0.2000000 0.1666667
[3,] 0.3333333 0.2500000 0.2000000 0.1666667 0.1428571
[4,] 0.2500000 0.2000000 0.1666667 0.1428571 0.1250000
[5,] 0.2000000 0.1l666667 0.1428571 0.1250000 0.1111111
> n <— 7
> hilbert (n)

[,1] [,2] [,3] [,4] [,5] [,6] [,71]
[1,] 1.0000000 0.5000000 0.3333333 0.2500000 0.2000000 0.16666667 0.14285714
[2,] 0.5000000 0.3333333 0.2500000 0.2000000 0.1666667 0.14285714 0.12500000
[3,] 0.3333333 0.2500000 0.2000000 0.1666667 0.1428571 0.12500000 0.11111111
[4,] 0.2500000 0.2000000 0.1l666667 0.1428571 0.1250000 0.11111111 0.10000000
[5,] 0.2000000 0.1666667 0.1428571 0.1250000 0.1111111 0.10000000 0.09090909
[6,] 0.1666667 0.1428571 0.1250000 0.1111111 0.1000000 0.09090909 0.08333333
[7,] 0.1428571 0.1250000 0.1111111 0.1000000 0.0909091 0.08333333 0.07692308
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pascal()
* Package:
¢ Input:

n valore n naturale
¢ Description: matrice di Pascal
¢ Example:

> n <— 5
> pascal (n)

(11 [,21 [,31 [,4]1 [,5]
[1,]1 1 1 1 1 1
[2,] 1 2 3 4 5
[3,] 1 3 6 10 15
[4,] 1 4 10 20 35
[5,] 1 5 15 35 70
> n <=7
> pascal (n)

(11 ,21 [,31 [,41 [,5] [,6] [,7]
[1,]1 1 1 1 1 1 1 1
[2,] 1 2 3 4 5 6 7
[3,] 1 3 6 10 15 21 28
[4,] 1 4 10 20 35 56 84
[5,] 1 5 15 35 70 126 210
[6,] 1 6 21 56 126 252 462
[7,] 1 7 28 84 210 462 924

2.3 Operazioni sulle Matrici

k0|
* Package:
¢ Input:
A matrice di dimensione n x n
¢ Description: rango cioé il numero di righe (colonne) linearmente indipendenti
e Example:

> A <- matrix(data = c(1, 4, 2, 8), nrow = 2, ncol = 2)
> A

> A <- matrix(data = c¢(1.2, 2.3, 4.5, 6.5, 7.6, 1.1, 2.3, 4.5,
+ 6.7), nrow = 3, ncol = 3)
> A
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> rk (A)
[1] 3
det()

* Package:

¢ Input:

A matrice di dimensione n x n

¢ Description: determinante

Formula:

¢ Example:

> A <- matrix (data

> A

(11 [,2]
[1,] 1 -0.2
[2,] 4 5.6

> n <- 2
> det (A)

[1] 6.4

> A <- matrix (dat

+ 6.7), nrow
> A

[,11 [,21 [
[1,] 1.2 6.5
(2,1 2.3 7.6
[3,] 4.5 1.1
> n <—- 3
> det (A)
[1] 13.783
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determinant() \

* Package:
¢ Input:

A matrice di dimensione n x n

logarithm = TRUE / FALSE logaritmo naturale del modulo del determinante

* Description: determinante

Output:

modulus modulo

sign segno

¢ Formula:
’logarithm = TRUE‘
modulus
log (| det(A4)])
sign
sign (det(A))
logarithm = FALSE‘
modulus
| det(A)]
sign
sign (det(A))
¢ Example:

> A <- matrix(data = c(1, 4, -0.2, 5.6), nrow = 2, ncol = 2)

> A

[,11 [,2]
(1,1 1 -0.2
[2,] 4 5.6
> n <- 2

> abs (det (A))

[1] 6.4

> determinant (A, logarithm = FALSE) $modulus

[1] 6.4
attr(,"logarithm")
[1] FALSE

> sign (det (A))

[1]1 1

> determinant (A, logarithm = FALSE) $sign
[11 1

> A <- matrix(data = c¢(1.2, 4.5, 6.7, 8.9, 4.5, 6.6, 7.8, 7.5,
+ 3.3), nrow = 3, ncol = 3)
> A
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> n <— 3
> abs (det (A))

[1] 269.97

logarithm FALSE) $Smodulus

> determinant (A,

[1] 269.97
attr(,"logarithm")
[1] FALSE

> sign (det (A))

(11 1

logarithm FALSE) $sign

> determinant (A,

(1] 1

determinant.matrix() ‘

* Package:
[

Input:

A matrice di dimensione n x n

logarithm
Description: determinante
Output:

modulus modulo

sign segno

¢ Formula:
logarithm = TRUE |
modulus
log (| det(A)])
sign
sign (det(A))
logarithm = FALSE |
modulus
| det(A)]
sign
sign (det(A))
e Example:
> A <- matrix(data = c(1, 4, -0.2, 5.6), nrow = 2,

> A

TRUE / FALSE logaritmo naturale del modulo del determinante

ncol 2)
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[,11 [,2]
[1,] 1 -0
(2,1 4 5.6
> n <- 2

> determinant.matrix (A, logarithm = FALSE) Smodulus

[1] 6.4
attr (,"logarithm")
[1] FALSE

> sign (det (A))

(1] 1

> determinant.matrix (A, logarithm = FALSE) $sign
(11 1

> A <- matrix(data = c¢(1.2, 4.5, 6.7, 8.9, 4.5, 6.6, 7.8, 7.5,
+ 3.3), nrow = 3, ncol = 3)

> A

[,11 [,2]1 [,3]
1,1 1.2 8.9 7.8
[2,] 4.5 4.5 7.5
[3,] 6.7 6.6 3.3
> n <— 3

> abs (det (A))

[1] 269.97

> determinant.matrix (A, logarithm = FALSE) Smodulus

[1] 269.97
attr(,"logarithm")
[1] FALSE

> sign (det (A))

(11 1

> determinant.matrix (A, logarithm = FALSE) $sign

(1] 1
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tr0)|

* Package: [fUtilities

¢ Input:

A matrice di dimensione n x n

¢ Description: traccia

¢ Formula:

e Example:

> A <- matrix(data
> A

[,11 [,2]
(1,1 1 2
[2,]1 4 8
> n <— 2
> tr (A)
[11 9

> A <- matrix (data

lore della matrice AT A, massima somma assoluta di riga

¢ Description: norma

e Formula:

n
E Qi
i=1

4, 2, 8), nrow = 2,

2.3, 4.5, 6.5, 7.

ncol

+ 6.7), nrow = = 3)
> A
(11 [,21 [,3]
[1,] 1.2 6.5 2.3
[2,] 2.3 7.6 4.5
[3,] 4.5 1.1 6.7
> n <- 3
> tr (A)
[1] 15.5
+ Package:
¢ Input:
A matrice di dimensione n x m
p = 1 / 2 / Inf massima somma assoluta di colonna,

2)

radice quadrata del massimo autova-
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3

m
max Z|ai’j| Vi=1,2,...
j=1

e Example:

<= 2

m <— 2

<- matrix(data = c(2.2, 3.4, 0.2, -1.2), nrow = 2, ncol
byrow = FALSE)

o]

2,

vV + V V V
>

> max (abs(2.2) + abs(3.4), abs(0.2) + abs(-1.2))

> autovalori <- eigen(t (A) %$x% A) Svalues
> sqrt (max (autovalori))

[1] 4.152189

> norm (A, p = 2)

[1] 4.152189

> max (abs(2.2) + abs(0.2), abs(3.4) + abs(-1.2))
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isPositiveDefinite() ‘

* Package:
¢ Input:
x matrice di dimensione n x n

* Description: matrice definita positiva
¢ Example:

> A <- matrix(data = c(1, 4, -0.2, 5.6), nrow = 2, ncol = 2)

> A

(11 [,2]

-0.2
[2,] 4 5.6
> n <— 2
> isPositiveDefinite (A)

[1] TRUE

> A <- matrix(data = c¢(1.2, 2.3, 4.5, 6.5, 7.6, 1.1, 2.3, 4.5,
+ 6.7), nrow = 3, ncol = 3)

> A

[,11 [,2] [,3]
[1,] 1.2 6.5 2.3
[2,] 2.3 7.6 4.5
[3,] 4.5 1.1 6.7
> n <- 3

> isPositiveDefinite (A)

[1] TRUE
> A <- matrix(data = c(-1, 1, 1, -1), nrow = 2, ncol = 2)
> A
[,11 [,2]
(1,1 -1 1
[2,] 1 -1
> n <- 2

> isPositiveDefinite (A)

[1] FALSE
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as.vector()
* Package:
¢ Input:

A matrice di dimensione n x m

¢ Description: trasforma la matrice in vettore di dimensione nm seguendo 'ordine delle colonne

¢ Example:
> A <- matrix(data = 1:9, nrow = 3, ncol = 3)
> A
[,11 [,2] [,3]
1,1 1 4 7
(2,1 2 5 8
[3,] 3 6 9
> n <- 3
> m <- 3

> as.vector (A)

(1] 1 2 3456789

> A <- matrix(data = c¢(1.2, 2.3, 6.5, 7.6), nrow = 2, ncol = 2)

> A

[,11 [,2]
[1,] 1.2 6.5
(2,1 2.3 7.6
> n <- 2

> m <— 2
> as.vector (A)

[1] 1.2 2.3 6.5 7.6

* Package:
¢ Input:

A matrice invertibile di dimensione n x n

B matrice di dimensione n x k
¢ Description: matrice inversa oppure soluzione di un sistema quadrato lineare

e Formula:

Example:

> A <- matrix(data = c(1, -0.2, 4, 5.6), nrow = 2, ncol = 2)

> A

(11 [,2]
[1,] 1.0 4.0
[2,] -0.2 5.6
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> n <—- 2
> invA <- solve (A)
> A %$*% invA

(11 [,2]
1.000000e+00 0
[2,] 1.109952e-17 1

[,1] [,2]
1.00000e+00 2.220446e-16
[2,] 5.20417e-18 1.000000e+00

> A <- matrix(data = c(1, -0.2, 4, 5.6), nrow = 2, ncol = 2)

> A

(11 [,2]
(1,] 1.0 4.0
[2,] -0.2 5.6

> B

[1] 11 -2
> n <- 2
> k <=1

> solve (A, B)

[1] 10.87500 0.03125

> solve (A) %*% B

[,1]
[1,] 10.87500
[2,] 0.03125

> A <- matrix(data = c(1, -0.2, 4, 5.6), nrow = 2, ncol = 2)

> A

(11 [,2]
[1,] 1.0 4.0
[211 _0-2 5.6

> B <- matrix(data = c¢(11, -2, 13, 4.1), nrow = 2, ncol = 2)

[2,1 -2 4.1
> n <— 2
> k <- 2

> solve (A, B)

[,1] [,2]
[1,] 10.87500 8.812500
[2,] 0.03125 1.046875
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eigen()
* Package:
¢ Input:

A matrice simmetrica di dimensione n x n

only.values = TRUE / FALSE calcola i soli autovalori
¢ Description: autovalori ed autovettori
¢ Output:

values la diagonale della matrice D degli autovalori di dimensione n x n

vectors matrice ortogonale I' degli autovettori di dimensione n x n

¢ Formula:
A=rDr7?

dove T7'T =1, =TTT e D = diag(\, A2, ..., \n)

e Example:

> A <- matrix(data = c¢(1.2, 3, 5.6, 3, 4, 6.7, 5.6, 6.7, 9.8),
+ nrow = 3, ncol = 3)
> A
(11 [,21 [,3]
[1,]1 1.2 3.0 5.6
(2,1 3.0 4.0 6.7
[3,7] 5.6 6.7 9.8
> n <- 3
> D <- diag(eigen(A)Svalues)
> D

[,1] [,2] [,3]
[1,] 16.77455 0.0000000 0.000000
[2,] 0.00000 -0.1731794 0.000000
[3,] 0.00000 0.0000000 -1.601373

> GAMMA <- eigen (A) $vectors
> GAMMA

[,1] [,2] [,3]
[1,] -0.3767594 0.3675643 0.8502640
[2,] -0.4980954 -0.8542951 0.1485966
[3,] -0.7809951 0.3675274 -0.5049458

> GAMMA %$x% D %x% t (GAMMA)

> A <- matrix(data = c¢(1.2, 2.3, 2.3, 2.2), nrow = 2, ncol = 2)

> A

(11 [,2]
(1,1 1.2 2.3
[(2,] 2.3 2.2
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> n <— 2

> D <- diag(eigen(A) Svalues)

> D

[,1]

[1,] 4.053720

[,2]

0.0000000

[2,] 0.000000 -0.6537205

> GAMMA <- eigen (A) $vectors

> GAMMA

[,1]
[1,] 0.627523 -0.778598

[2,] 0.778598

> GAMMA %*% D %$x%

crossprod()

* Package:

Input:

A matrice di dimensione n x m

B matrice di dimensione n x k

[,2]

0.627523

t (GAMMA)

Description: prodotto scalare

Formula:

Example:

> A <- matrix

+ nrow
> A

[,1]
[1,] 1.2
(2,1 3.0
[3,1 5.6
> n <- 3

[,2]
53.12
69.89

109.26

> crossprod(A)

[,1]
[1,] 41.80
[2,] 53.12
[3,] 81.70

[,2]
53.12
69.89

109.26

[,3]
81.70
109.26
172.29

[,3]
81.70
109.26
172.29
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> A <- matrix(data = c (1.2,
+ nrow = 3, ncol = 3)
> A
[,11 [,21 [,3]
1,1 1.2 3.0 5.6
[2,] 3.0 4.0 6.7
[3,] 5.6 6.7 9.8
> B <- matrix(data = c (11,

n <- 3
m <- 3
k <= 2
t (A)

vV V V V

[,1]
26.24
47.78
81.52

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

1

[,2]
59.12
79.20
25.06

> crossprod (A, B)

[,1]

[1,] 26.24
(2,1 47.78
[3,] 81.52

tcrossprod()

1

[,2]
59.12
79.20
25.06

* Package:

Input:

A matrice di dimensione n x m

B matrice di dimensione k£ x m

Description: prodotto scalare

Formula:

Example:

+ nrow
> A

[,1] [
(1,1 1.2
(2,1 3.0
[3,] 5.6

nrow

3,

ncol

2)
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> n <- 3
> m <- 3
> A $x% Tt (A)

[,11] [,2] [,3]
[1,] 41.80 53.12 81.70
[2,] 53.12 69.89 109.26
[3,] 81.70 109.26 172.29

> tcrossprod (A)

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

[1,] 41.80 53.12 81.70
[2,] 53.12 69.89 109.26
[3,] 81.70 109.26 172.29

> A <- matrix(data = c(1
+ nrow = 3, ncol = 3)
> A

vV V V V
b=
A
|
N

[,2]
59.12
79.20

125.06

> tcrossprod (A, B)

[,1] [,2]

[1,] 26.24 59.12
[2,] 47.78 79.20
[3,] 81.52 125.06

5.6,

nrow

6.

7y

2,

9.8),

ncol
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[*]

Package:
Input:

A matrice di dimensione n x m
B matrice di dimensione n x m

Description: prodotto di Hadamard

Formula:
Example:

> A <- matrix (data
> A

> B <- matrix (data

+ 4.3), nrow =
> B

[,11 [,2] [,3]
[1,1 4.1 5.4 2.1
[2,1] 2.3 4.6 3.2
[3,] 4.1 4.2 4.3
> n <— 3
>m <— 3
> A x B

[,11 [,21 [,3]
[1,] 4.1 21.06 14.7
[2,1] 4.6 23.0 25.6
[3,] 12.3 25.2 38.7

[,11 [,2]
[1,] 1.1 4.5
[2,1] 2.3 6.7
> n <— 2
> m <- 2
> A * B

[,11 [,2]
[1,] 1.1 13.5
(2,1 4.6 33.5

3,

1:9,

c(4.
ncol

T Y

nrow

1,

3,

4

ncol

nrow

.5, 6.

7).

2, ncol

nrow

2,

2)

ncol

2)
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* Package:
¢ Input:

A matrice di dimensione n x m

B matrice di dimensione m x k
¢ Description: prodotto scalare

e Formula:
AB

¢ Example:

> A <- matrix(data = c¢(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,

+ ncol = 3)
> A

(11 [,21 [,3]
[1,] 1.0 4.0 9.9
[2,] -0.2 5.6 1.0
[3,] 3.0 7.8 12.0

> B <- matrix(data = c¢(11, -1, 3.4, 4.1, 5, 7), nrow = 3, ncol = 2)
> B

vV V V V
SR
A
|
N

[,1] [,2]
[1,] 40.66 93.40
[2,] —-4.40 34.18
[3,] 66.00 135.30

> A <- matrix(data = 1:2, nrow = 1, ncol = 2)
> A
[,11 [,2]
[1,1 1 2
> B <- matrix(data = 3:4, nrow = 2, ncol = 1)
> B
[,1]
(1,1 3
[2,] 4
>n <— 1
> m <— 2
> k <=1
> A $x% B
[,1]
(1,1 11
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kronecker() \

* Package:
¢ Input:

A matrice di dimensione n x m
B matrice di dimensione h x k

¢ Description: prodotto di Kronecker

¢ Formula:
aLlB al,mB
A® B = : : :
ClmlB an,mB
e Example:
> A <- matrix(data = 1:3, nrow = 3, ncol = 1)
> A
[,1]
(1,1 1
[2,] 2
[3,] 3
> B <- matrix(data = 7:9, nrow = 1, ncol = 3)
> B
[,11 [,21 [,3]
(1,1 7 8 9
> n <— 3
>m <— 1
> h <- 1
> k <- 3
> kronecker (A, B)
[,11 [,2] [,3]
(1,1 7 8 9
(2,1 14 16 18
[3,] 21 24 27
> A <- matrix(data = 1:2, nrow = 1, ncol = 2)
> A
[,11 [,2]
(1,1 1 2
> B <- matrix(data = 3:4, nrow = 2, ncol = 1)
> B
[,1]
(1,1 3
(2,1 4
> n <— 1
>m <— 2
> h <—- 2
> k <=1
> kronecker (A, B)
[,11 [,2]
(1,1 3 6
[2,] 4 38
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* Package:
¢ Input:

A matrice di dimensione n x m
B matrice di dimensione h x k

¢ Description: prodotto di Kronecker

¢ Formula:
A® B =
¢ Example:
> A <- matrix(data = 1:3, nrow = 3,
> A
[,1]
[1,] 1
[2,] 2
[3,] 3
> B <- matrix(data = 7:9, nrow = 1,
> B
[,11 [,21 [,3]
1,1 7 38 9
> n <—- 3
> m <— 1
> h <- 1
> k <- 3
> A %x% B
[,11 [,21 [,3]
[1,] 7 8 9
[2,] 14 16 18
[3,] 21 24 27
> A <- matrix(data = 1:2, nrow = 1,
> A
[,11 [,2]
[(1,] 1 2
> B <- matrix(data = 3:4, nrow = 2,
> B
[,11]
[1,] 3
(2,1 4
> n <— 1
>m <— 2
> h <—= 2
> k <—- 1
> A %x% B
[,11 [,2]
[1,] 3 6
(2,1 4 8

aq 1B

)

)

ncol

ncol

ncol

ncol

anlB
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diag(
* Package:
¢ Input:

A matrice di dimensione n x n

x vettore numerico di dimensione n

h valore naturale

* Description: estrae gli elementi diagonali o crea una matrice diagonale

¢ Example:

> A <- matrix(data

> A

[,11 [,21 [,3]
1,1 1 4 7
[2,] 2 5 8
[3,] 3 6 9
> n <— 3
> diag (A)
[11 1 5 9
> x <— 1:3
> diag (x)

[,11 [,2] [,3]
[1,] 1 0 0
(2,1 0 2 0
[3,] 0 0 3
> h <—- 2
> diag (h)

[,11 [,2]
(1,1 1 0
(2,1 0 1

* Package:
¢ Input:

A matrice di dimensione n x m

¢ Description: trasposta

e Formula:

Example:

> A <- matrix(data
+ nrow = 3,
> A

=l

nco

: 9,

nrow

3, ncol

3)

7.

8,

9.88),
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[,11 [,2]
[1,1 1.20 1.0
[2,] 3.40 2.0
[3,] 4.23 3.4
> n <— 3
> m <— 3
> t (A)

[,11 [,2]
[1,1 1.2 3.4
[2,] 1.0 2.0
[3,] 4.6 7.8

[,3]
4.60
7.80
9.88

[,3]
4.23
3.40
9.88

> A <- matrix(data

> A

aperm()

* Package:
¢ Input:

A matrice di dimensione n x m

¢ Description: trasposta

Formula:

¢ Example:

> A <- matrix(d
+ nrow = 3,
> A

[,11 [,2]
(1,1 1.20 1.0
[2,] 3.40 2.0
[3,] 4.23 3.4
> n <- 3
> m <— 3

ata
nco

[,3]
4.60
7.80
9.88

[,3]
4.23
3.40
9.88

I Q

1

9.88),
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> A <- matrix(data = 1:2, nrow = 1,
> A
[,11 [,2]
(1,1 1 2
>n <— 1
> m <— 2
> t (A)
[,1]
[1,] 1
(2,1 2

Package:
¢ Input:
A matrice di dimensione n x m

¢ Description: numero di righe e di colonne

Formula:

¢ Example:

> A <- matrix(data = c(1, -0.2, 3,
+ ncol = 3)
> A

> A <- matrix(data = c(1.2, 2.3, 6
> A

ncol

.5,

7.

6),

2)

nrow

2,

ncol

2)
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* Package:
¢ Input:
A matrice di dimensione n x m

¢ Description: numero di righe

Formula:

e Example:

> A <- matrix(data = c¢(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,

+ ncol = 3)
> A

(11 [,21 [,3]
[1,] 1.0 4.0 9.9
[2,] -0.2 5.6 1.0
[3,] 3.0 7.8 12.0

> A <- matrix(data = c(1.2, 2.3, 6.5, 7.6), nrow = 2, ncol = 2)
> A

* Package:
¢ Input:
A matrice di dimensione n x m

¢ Description: numero di righe

Formula:

¢ Example:

> A <- matrix(data = c¢(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,

+ ncol = 3)
> A

[,11 [,2] [,3]
1,1 1.0 4.0 9.9
[2,] -0.2 5.6 1.0
[3,] 3.0 7.8 12.0
> NROW (A)
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[1] 3

> A <- matrix(data = c(1.2, 2.3, 6.5, 7.6), nrow = 2, ncol = 2)

> A

(11 [,2]
[(1,] 1.2 6.5
(2,1 2.3 7.6
> NROW (A)
[1] 2

* Package:
¢ Input:

A matrice di dimensione n x m
¢ Description: numero di colonne

e Formula:

Example:

> A <- matrix(data = c¢(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,

+ ncol = 3)
> A

[,11 [,2]1 [,3]
[1,1 1.0 4.0 9.9
[2,] -0.2 5.6 1.0
[3,] 3.0 7.8 12.0
> ncol (A)
[11 3
> A <- matrix(data = 1:2, nrow = 1, ncol = 2)
> A

[,11 [,2]
(1,1 1 2
> ncol (A)
[1] 2
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NCOL()
* Package:
¢ Input:

A matrice di dimensione n x m
¢ Description: numero di colonne

e Formula:

Example:

> A <- matrix(data = c¢(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,
+ ncol = 3)
> A

> A <- matrix(data
> A

1:2, nrow = 1, ncol = 2)

* Package:
¢ Input:

A matrice di dimensione n x m
¢ Description: somme di riga

¢ Formula:

Example:

> A <- matrix(data = c(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,

+ ncol = 3)
> A

[,11 [,2] [,3]
[1,] 1.0 4.0 9.9
(2,1 -0.2 5.6 1.0
(3,7 3.0 7.8 12.0
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> n <- 3
>m <— 3
> rowSums (A)

[1] 14.9 6.4 22.8

> A <- matrix(data = c(1.2, 3.4, 4.5, 5.6), nrow = 2, ncol = 2)
> A

> n <— 2
>m <— 2
> rowSums (A)

[1] 5.7 9.0

rowMeans() \

* Package:
¢ Input:

A matrice di dimensione n x m
¢ Description: medie di riga

¢ Formula:

Example:

> A <- matrix(data = c¢(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,

+ ncol = 3)
> A

[,11 [,21 [,3]
[1,1 1.0 4.0 9.9
[2,1] -0.2 5.6 1.0
[3,] 3.0 7.8 12.0
> n <— 3

> m <— 3
> rowMeans (A)

[1] 4.966667 2.133333 7.600000

> A <- matrix(data = c(1.2, 3.4, 4.5, 5.6), nrow = 2, ncol
> A

I
N

> n <— 2
> m <— 2
> rowMeans (A)

[1] 2.85 4.50
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* Package:
¢ Input:

A matrice di dimensione n x m

¢ Description: somme di colonna

¢ Formula:

Example:

+ ncol = 3)
> A

(11 [,21 [,3]
[1,] 1.0 4.0 9.9
[2,] -0.2 5.6 1.0
[3,] 3.0 7.8 12.0

> n <— 3
> m <— 3
> colSums (A)

[1] 3.8 17.4 22.9
> A <- matrix(data =
> A
[,11 [,2]
[1,1 1.2 4.5
[2,1 3.4 5.6
> n <— 2

> m <— 2
> colSums (A)

[1] 4.6 10.1

colMeans() ‘

* Package:
¢ Input:

A matrice di dimensione n x m

¢ Description: medie di colonna

e Formula:

e Example:
> A <- matrix(data =
+ ncol = 3)
> A

c(1l

c(1,

.2,

.6, .8,
.6), nrow
Vi=12,
.6, .8,

2,

ncol

nrow = 3,
2)
nrow = 3,
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[,11 [,21 [,3]
(1,7 1.0 4.0 9.9
(2,1 -0.2 5.6 1.0
[3,7 3.0 7.8 12.0
> n <- 3
> m <- 3

> colMeans (A)

[1] 1.266667 5.800000 7.633333

> A <- matrix(data = c(1.2, 3.4, 4.5, 5.6), nrow = 2, ncol = 2)

> A

[,11 [,2]
1,1 1.2 4.5
(2,1 3.4 5.6
> n <— 2
>m <— 2

> colMeans (A)

[1] 2.30 5.05

* Package:
¢ Input:

A matrice di dimensione n x m

group fattore f a k livelli di dimensione n

¢ Description: applica la funzione somma ad ogni gruppo di elementi in ciascuna colonna di A definito
dai livelli di f

e Example 1:

> A <- matrix(data = c(1.2, 2.3, 4.3, 4.2, 4.2, 2.1, 2.2, 4), nrow = 4,

+ ncol = 2)
> A

[,11 [,2]
[1,1 1.2 4.2
[2,1 2.3 2.1
[3,1 4.3 2.2
[4,] 4.2 4.0
> n <-4
> m <— 2
> f <- factor(rep(l:2, times = 2))
> k <- nlevels (f)
> k
[1]1 2

> rowsum (A, f)

—
o U1~
oo —
o o~
(RN
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e Example 2:

> A <- matrix(data = c¢(1, 2, 3, 4, 7, 8, 9, 8), nrow = 4, ncol = 2)

> A

[,11 [,2]
[1,1 1 7
[2,] 2 8
[3,] 3 9
[4,1] 4 8
> n <— 4
> m <— 2
> k <- nlevels (f)
> k
[11 2

> rowsum (A, f)

(11 [,2]

1 4 16
2 6 16
apply()
* Package:
¢ Input:

A matrice di dimensione n x m
MARGIN = 1 / 2 riga o colonna

FUN funzione scelta
¢ Description: applica FUN ad ogni riga o colonna della matrice A
e Example 1:

> A <- matrix(data

+ ncol = 3)
> A

[,11 [,21 [,3]
[1,7 1.0 4.0 9.9
[2,] -0.2 5.6 1.0
[3,] 3.0 7.8 12.0
> n <— 3
> m <— 3

> apply (A, MARGIN = 1, FUN = mean)

[1] 4.966667 2.133333 7.600000

¢ Example 2:

> A <- matrix(data = c¢(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,
+ ncol = 3)
> A
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[,11 [,21 [,3]
(1,7 1.0 4.0 9.9
(2,1 -0.2 5.6 1.0
(3,7 3.0 7.8 12.0
> n <- 3
> m <- 3

> apply (A, MARGIN

2, FUN = mean)

[1] 1.266667 5.800000 7.633333

e Example 3:

> A <- matrix(data = ¢(2, -1, -10.2, 1, -1, 5, 5.8, 3, 1, 3, 3.1,

+ 4), nrow = 4, ncol = 3)
> A
[,11 [,2] [,3]
[1,1 2.0 -1.0 1.0
[2,1] -1.0 5.0 3.0
[3,] -10.2 5.8 3.1
[4,] 1.0 3.0 4.0
> n <-4
> m <- 3

> apply (A, MARGIN = 2, FUN = sort)

(11 [,2]1 [,3]
(1,] -10.2 -1.0 1.0
(2,17 -1.0 3.0 3.0
[(3,] 1.0 5.0 3.1
[4,] 2.0 5.8 4.0

e Example 4:

> A <- matrix(data = ¢(2, -1, -10.2, 1, -1, 5, 5.8, 3, 1, 3, 3.1,

+ 4), nrow = 4, ncol = 3)
> A
(11 [,21 [,3]
(1,1 2.0 -1.0 1.0
[2,] -1.0 5.0 3.0
[3,] -10.2 5.8 3.1
[4,] 1.0 3.0 4.0
> n <— 4
> m <— 3
> apply (A, MARGIN = 2, FUN = function(x) {
+ sort (x, decreasing = TRUE)
+ 1)
(11 [,21 [,3]
[1,1 2.0 5.8 4.0
(2,1 1.0 5.0 3.1
[3,] -1.0 3.0 3.0
[4,] -10.2 -1.0 1.0

¢ Example 5:

> A <- matrix(data = c¢(1, 10, 100, 2, 20, 200, 3, 30, 300), nrow = 3,
+ ncol = 3)
> A
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[,11 [,21 [,3]
[1,] 1 2 3
(2,1 10 20 30
[3,] 100 200 300

> n <- 3
> m <—- 3
> apply (A, MARGIN = 2, FUN = cumsum)

[,11 [,21 [,3]
(1,1 1 2 3
(2,1 11 22 33
(3,1 111 222 333

> t (apply (A, MARGIN = 1, FUN = cumsum))

(11 [,21 [,3]
[1,] 1 3 6
(2,1 10 30 60
[3,] 100 300 600

solveCrossprod() ‘

* Package:
¢ Input:

A matrice di dimensione n x k di rango & = min (n, k)

method = gr / chol / solve algoritmo risolutivo

¢ Description: inversa del prodotto incrociato di X

Formula:
(AT 4!

¢ Example 1:

> A <- matrix(data = c (11, -2, 3.4, 4.1, 5, 7), nrow = 3, ncol = 2)

> A

[,11 [,2]
[1, 11.0 4.1
[2, -2.0 5.0
[3,] 3.4 7.0
> n <— 3
> k <- 2

[,1] [,2]
[1,] 0.010167039 -0.006594413
[2,] -0.006594413 0.015289185

> solveCrossprod (A, method = "qgr")

[,1] [,2]
[1,] 0.010167039 -0.006594413
[2,] -0.006594413 0.015289185

¢ Example 2:
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> A <- matrix(data = c(1, 2,
> A
[,11 [,2]
1,1 1 7
[2,] 2 8
[3,] 3 9
(4,1 4 8
> n <-4
> k <= 2

> solve (t (A) %*% A)

[,1] [,2]
[1,] 0.25393701 -0.08070866
[2,] -0.08070866 0.02952756

> solveCrossprod (A, method =

[,1] [,2]
[1,] 0.25393701 -0.08070866
[2,] -0.08070866 0.02952756

model.matrix() \

Package:
¢ Input:

object modello di regressione lineare con k — 1 variabili esplicative ed n unita

3, 4, 7, 8, 9, 8), nrow

qru)

4,

ncol

¢ Description: matrice del modello di regressione lineare di dimensione n x k

e Formula:

e Example:
> x1 <= c(1.1, 2.3, 4.5, 6.7
> x2 <- c(l1.2, 3.4, 5.6, 7.5
> x3 <- c(l1.4, 5.6, 7.56, 6,
>y <- c(1.5, 6.4, 9.6, 8.8,
> modello <- Im(formula =y
> k <-4
> n <- 8
> X <- model.matrix (object =
> X

(Intercept) x1l x2 x3

1 1 1.1 1.2 1.40
2 1 2.3 3.4 5.60
3 1 4.5 5.6 7.56
4 1 6.7 7.5 6.00
5 1 8.9 7.5 5.40
6 1 3.4 6.7 6.60
7 1 5.6 8.6 8.70
8 1 6.7 7.6 8.70
attr(,"assign")

(1] 01 2 3

1 T1,1
1 T2, 1

L1, k-1

T2 k—1
X:

1 Tn,1 Tn, k—1

5.4, 6.6, 8.7, 8.7
8.86, 7.8, 8.6, 8.

~ X1 + x2 + x3)

modello)

2)
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kappa()
* Package:
¢ Input:

A matrice di dimensione n x m
exact = TRUE

¢ Description: calcola il ConditionNumber come rapporto tra il maggiore ed il minore valore singolare
non nullo della matrice diagonale D

Formula:
max (diag(D))

min (diag(D))

dove A=UDVT e U'U=1, =VTV =vV7T

e Example 1:

> A <- matrix(data = ¢(1.2, 3, 5.6, 3, 4, 6.7, 5.6, 6.7, 9.8),
+ nrow = 3, ncol = 3)
> A
[,11 [,2] [,3]
1,1 1.2 3.0 5.6
[2,] 3.0 4.0 6.7
[3,] 5.6 6.7 9.8
> n <— 3
> m <— 3

> D <- diag(svd(A) $d)
> max (diag (D)) /min (diag (D))

[1] 96.86229
> kappa (A, exact = TRUE)
[1] 96.86229

e Example 2:

> A <- matrix(data = c¢(1, 2, 3, 4, 7, 8, 9, 8), nrow = 4, ncol = 2)

> A

[,11 [,2]
(1,1 1 7
(2,1 2 8
[3,] 3 9
[4,1] 4 8
> n <— 4
> m <— 2

> D <- diag(svd(A) $d)
> max (diag (D)) /min (diag (D))

[1] 8.923297
> kappa (A, exact = TRUE)
[1] 8.923297

* Note: Calcola il Condition Number con la funzione
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lower.tri()
* Package:
¢ Input:

A matrice di dimensione n x n

¢ Description: matrice triangolare inferiore di dimensione n x n a partire dalla matrice A

e Example 1:

3,

> A <- matrix(data = 1:9, nrow
> A
[,11 [,21 [,3]
[1,] 1 4 7
[2,] 2 5 8
[3,] 3 6 9
> n <—- 3
> A[t (lower.tri (A, diag = FALSE)) ]
> A
[,11 [,21 [,3]
(1,1 1 0 0
(2,1 2 5 0
[3,] 3 6 9
e Example 2:
> A <- matrix(data = c(1, 2, 7,
> A
[,11 [,2]
(1,1 1 7
[2,] 2 8
> n <— 2
> At (lower.tri (A, diag FALSE) ) ]
> A
[,11 [,2]
(1,1 1 0
[2,] 2 8
upper.tri()
* Package: [pasd]|
¢ Input:

A matrice di dimensione n x n

¢ Description: matrice triangolare superiore di dimensione n x n a partire dalla matrice A

e Example 1:

> A <- matrix(data = 1:9, nrow
> A
[,11 [,2] [,3]
(1,1 1 4 7
[2,] 2 5 8
(3,1 3 6 9

3,

ncol

<=0

nrow

<=0

ncol

3)

2,

3)
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> n <- 3
> A[lower.tri (A, diag = FALSE)] <= 0
> A
(11 [,21 [,3]
(1,1 1 4 7
(2,1 0 5 8
(3,1 0 0 9
e Example 2:
> A <- matrix(data = c¢(1, 2, 7, 8), nrow = 2, ncol = 2)
> A
[,11 [,2]
(1,1 1 7
(2,1 2 8
> n <— 2
> A[lower.tri (A, diag = FALSE)] <= 0
> A
[,11 [,2]
(1,1 1 7
[2,] 0 8
backsolve()|
* Package: pasd]|
¢ Input:

r matrice A dei coefficienti di dimensione n x n

data matrice b dei termini noti di dimensione 1 x n

upper.tri = TRUE / FALSE sistema triangolare superiore od inferiore

transpose = TRUE / FALSE matrice dei coefficienti trasposta
¢ Description: soluzione di un sistema triangolare di dimensione n x n

e Formula:

’ upper.tri = TRUE AND transpose = TRUE

a1 0 0 b1
a1.2 a2 .2 0 ‘e 0 bQ
1pn-1 a2p-1 ... '+ 0 :
ain az p Y e

upper.tri = TRUE AND transpose = FALSE

a1 a2 ... QAinp-—-1 Q1n b1
0 a2 ... ayp—1 G2, | b2
. 0 e . . .
0 0 S 0 Gn.n | bn

upper.tri = FALSE AND transpose = TRUE

132



2.3 Operazioni sulle Matrici

aii1 a1 ... Gp-11 0Qnj by
0 a2 ... Gn_12 apg | b2
. 0 . : : :
0 0 0 Gn.n | bn

upper.tri = FALSE AND transpose = FALSE

a1,1 0 0 b1
@21 a2 2 0 0 bQ
(p-1,1 Qp_1,2 .0 :
Gn,1 an,2 Qn.n | bn

e Example 1:

> A <- matrix(data = c¢(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,
3,

+ ncol = byrow = FALSE)
> A
[,11 [,2] [,3]
[1,] 1.0 4.0 9.9
[2,1] -0.2 5.6 1.0
[3,] 3.0 7.8 12.0

> backsolve(r = A, x = b, upper.tri = TRUE, transpose = TRUE)

[1] 8.000000 -5.000000 -6.016667

e Example 2:

> A <- matrix(data = c(1.2, 0.34, 7.7, 4.5), nrow = 2, ncol = 2,

+ byrow = TRUE)
> A
[,11 [,2]
[1,] 1.2 0.34
(2,1 7.7 4.50

> b <= c(7.2, -10.4)

[1] 7.2 -10.4

> backsolve(r = A, x = b, upper.tri = FALSE, transpose = FALSE)

[1] 6.00000 -12.57778
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forwardsolve() ‘

* Package:
¢ Input:

1 matrice A dei coefficienti di dimensione n x n
x matrice b dei termini noti di dimensione 1 x n
upper.tri = TRUE / FALSE sistema triangolare superiore od inferiore

transpose = TRUE / FALSE matrice dei coefficienti trasposta

¢ Description: soluzione di un sistema triangolare di dimensione n x n

e Formula:

’ upper.tri = TRUE AND transpose = TRUE
1.1 0 [N “e 0 b1
1,2 2.2 0 0 bg
A1,n—1 G2,n—1 N .°- 0 .
ai,n az,n an,n | bn
upper.tri = TRUE AND transpose = FALSE
a1 ai2 1n—-1 QA1n by
a2 azn—1 Q2n ba
P00 . N
0 0 0 an,n bn
upper.tri = FALSE AND transpose = TRUE
a1l @21 ... Qp_1,1 Gna1 | b1
0 a2 ... ap-12 Gan2 | bo
o0 e : N
0 o - 0 Gp.m | bn
upper.tri = FALSE AND transpose = FALSE
ai i 0 e N 0 bl
@21 @22 0 0 bQ
On-11 Qn—12 .0 :
Qn,1 An,2 an,n bn
e Example 1:
> A <- matrix(data = c(1, -0.2, 3, 4, 5. 7.8, 9.9, 1, 12), nrow = 3,
+ ncol = 3, byrow = FALSE)
> A
[,11 [,2] [,3]
[1,] 1.0 4.0 9.9
[2,] -0.2 5.6 1.0
[3,] 3.0 7.8 12.0
> b <- c(8, 4, 2)
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[1] 8 4 2

> forwardsolve(l = A, x = b, upper.tri = TRUE, transpose = TRUE)

[1] 8.000000 -5.000000 -6.016667

e Example 2:

> A <- matrix(data = c(1.2, 0.34, 7.7, 4.5), nrow = 2, ncol =

+ byrow = TRUE)
> A
[,11 [,2]
[1,] 1.2 0.34
(2,1 7.7 4.50

> b <= ¢c(7.2, -10.4)
> b

[1] 7.2 -10.4

> forwardsolve(l = A, x = b, upper.tri = FALSE, transpose = FALSE)

[1] 6.00000 -12.57778

2.4 Fattorizzazioni di Matrici

* Package:
¢ Input:
A matrice di dimensione n x m
* Description: fattorizzazione ai valori singolari
¢ Output:

d diagonale della matrice D dei valori singolari di dimensione m x m
u matrice U di dimensione n x m

v matrice ortogonale V di dimensione m x m

e Formula:
A=UDVT

dove UTU =1, =VTv =vVvT
e Example 1:

> A <- matrix(data = c¢(11, -2, 3.4, 4.1, 5, 7), nrow = 3, ncol

> A

(11 [,2]
(1,] 11.0 4.1
[2,] -2.0 5.0
(3,17 3.4 7.0

2)
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> n <- 3

> m <- 2

> D <- diag(svd(A) $d)
> D

[,1] [,2]
[1,] 13.29929 0.000000
[2,] 0.00000 7.106262

> U <- svd(A)Su
> U

[,1] [,2]
[1,] -0.8566792 0.3981302
[2,] -0.0882360 —-0.7395948
[3,] -0.5082471 -0.5426710

> t (U)

o\
*

o\
G

[,1] [,2]
[1,] 1.000000e+00 -3.762182e-17
[2,] —-3.762182e-17 1.000000e+00

> V <— svd(A) $v
>V

[,1] [,2]
[1,] -0.8252352 0.5647893
[2,] -0.5647893 -0.8252352

[,1] [,2]
[1,] 1.000000e+00 -2.222614e-18
[2,] —-2.222614e-18 1.000000e+00

[,1] [,2]
[1,] 1.000000e+00 2.222614e-18
[2,] 2.222614e-18 1.000000e+00

e Example 2:

> A <- matrix(data = c(1, 2, 3.45, 7.8), nrow = 2, ncol = 2)
> A

0 N
[@2NE)]
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> n <- 2

> m <- 2

> D <- diag(svd(A) $d)
> D

[,1] [,2]
[1,] 8.81658 0.0000000
0.00000 0.1020804

> U <— svd(A)Su

[,1] [,2]
[1,] -0.4072775 -0.9133044
[2,] -0.9133044 0.4072775

[,1] [,2]
[1,] 1.000000e+00 -2.201201e-16
[2,] -2.201201e-16 1.000000e+00

> V <— svd(RA) $v
> V

[,1] [,2]
[1,] -0.2533734 -0.9673686
[2,] -0.9673686 0.2533734

[,1] [,2]
[1,] 1.000000e+00 1.585646e-18
[2,] 1.585646e-18 1.000000e+00

[,1] [,2]
[1,] 1.000000e+00 1.585646e-18
[2,] 1.585646e-18 1.000000e+00
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qr.Q0
* Package:
¢ Input:

A matrice di rango pieno di dimensione n x m
Description: matrice ) di dimensione n x m

Formula:

Example 1:

> A <- matrix(data = c(1, -0.2, 3, 4, 5.6, 7.8, 9.9, 1, 12), nrow = 3,
+ ncol = 3)

> A

[,11 [,2] [,3]
1,1 1.0 4.0 9.9
[2,1] -0.2 5.6 1.0
[3,1 3.0 7.8 12.0
> n <- 3
> m <— 3
> Q <— gr.Q(gr(A))
> Q

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

[1,] -0.31559720 -0.220214186 -0.9229865
[2,] 0.06311944 -0.975415572 0.2111407
[3,] -0.94679160 0.008377024 0.3217382

(,1] [,2] [,3]
[1,] 1.000000e+00 -1.690678e-17 —-4.214836e-17
[2,] -1.690678e-17 1.000000e+00 3.281046e-17
[3,] -4.214836e-17 3.281046e-17 1.000000e+00

Example 2:

> A <- matrix(data = c(1, 2, 3.45, 7.8), nrow = 2, ncol = 2)
> A

[,11 [,2]
(1,1 1 3.45
[2,]1 2 7.80
> n <— 2
> m <— 2
> Q <= gr.Q(qgr(A))
> Q

[,1] [,2]
[1,] -0.4472136 -0.8944272
[2,] —-0.8944272 0.4472136

[,1] [,2]
[1,] 1.000000e+00 -1.260385e-17
[2,] -1.260385e-17 1.000000e+00
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Package:
Input:

A matrice di rango pieno di dimensione n x m

Description: matrice R triangolare superiore di dimensione m x m

A=QR

Formula:
Example 1:
> A <- matrix(data = c(1, -0.2, 3, 4, 5.
+ ncol = 3)
> A
[,11 [,21 [,3]
[1,] 1.0 4.0 9.9
[2,] -0.2 5.6 1.0
(3,17 3.0 7.8 12.0

[,1] [,2] [,3]
[1,] —-3.168596 —-8.293894 -14.422792
[2,] 0.000000 -6.277843 —-3.055012
[3,] 0.000000 0.000000 -5.065567

> Q <—= gr.Q(gr (A))
> Q

[,1] [,2] [,3]
[1,] -0.31559720 -0.220214186 -0.9229865
[2,] 0.06311944 -0.975415572 0.2111407
[3,] -0.94679160 0.008377024 0.3217382

Example 2:

> A <- matrix(data = c(1, 2, 3.45, 7.8),
> A

[,11 [,2]
[1,] 1 3.45
[2,] 2 7.80
> n <- 2
> m <— 2
> R <— gr.R(gr(Aa))
> R
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[,1] [,2]
[1,] -2.236068 -8.5194190
[2,] 0.000000 0.4024922

> Q <= gr.Q(gr (a))
> 0

[,1] [,2]
[1,] -0.4472136 -0.8944272
[2,] —-0.8944272 0.4472136

> Q %x% R

[,11 [,2]
[1,] 1 3.45
[2,] 2 7.80

* Package:
¢ Input:
A matrice simmetrica definita positiva di dimensione n x n
¢ Description: matrice P triangolare superiore di dimensione n x n

¢ Formula:

A=pP'Pp
e Example 1:

> A <- matrix(data = c(5, 1, 1, 3), nrow = 2, ncol = 2)
> A

[,11 [,2]
[1,] 5 1
[2,]1 1 3
> n <— 2
> P <- chol (A)
> P

[,1] [,2]
2.236068 0.4472136
[2,] 0.000000 1.6733201

(11 [,2]
[1,] 5 1
(2,] 1 3

e Example 2:

> A <- matrix(data = c(1.2, 3.4, 3.4, 11.2), nrow = 2,
> A

2)
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n <- 2
> P <-— chol (A)
> P
[,1] [,2]
[1,] .095445 3.10370601

1
[2,] 0.000000 1.251666

* Package:

Input:

P matrice P triangolare superiore di dimensione n x n

Description: funzione inversa di chol ()

Formula:
Example:
> A <- matrix(data = c (5,
> A

[,11 [,2]
[1,] 5 1
[2,] 1 3
> n <— 2
> P <— chol (A)
> P

[,1] [,2]

[1,] 2.236068 0.4472136
[2,] 0.000000 1.6733201
> t(P) %*% P

[,11 [,2]
[1,] 5 1
[2,] 1 3

> chol2inv (P)

[,1]

[,2]

[1,] 0.21428571 -0.07142857
[2,] -0.07142857 0.35714286
> solve (A)

[,1] [,2]
[1,] 0.21428571 -0.07142857
[2,] -0.07142857 0.35714286
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e Example 2:

> A <- matrix(data = c(1.2, 3.4, 3.4, 11.2), nrow = 2, ncol = 2)
> A

[,11 [,2]
[1,] 1.2 3.4
[2,]1 3.4 11.2
n <- 2
P <- chol (A)
> P

[,1] [,2]
1.095445 3.103761
[2,] 0.000000 1.251666

> chol2inv (P)

[,1] [,2]
[1,] 5.957447 -1.8085106
[2,] -1.808511 0.6382979

> solve (A)

[,1] [,2]
[1,] 5.957447 -1.8085106
[2,] -1.808511 0.6382979

ginv()
* Package:
¢ Input:

A matrice di dimensione n x m
Description: inversa generalizzata A, di dimensione m x n

Formula:
A=AA A

Example 1:

> A <- matrix(data = c(1, -0.2, 3, 4, 5.6, 7.8), nrow = 3, ncol = 2)
> A

> n <- 3

> m <— 2

> Ag <—- ginv(A)
> Ag
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[,1] [,2] [,3]
[1,] 0.007783879 -0.4266172 0.302297558
[2,] 0.035078001 0.1553743 -0.001334379

e Example 2:

> A <- matrix(data
> A

c(l.2, 3.4, 3.4, 11.2), nrow = 2, ncol = 2)

vV V VvV V
e
Q
A
[
Q
)_l.
o)
<
=

[,1] [,2]
[1,] 5.957447 -1.8085106
[2,] -1.808511 0.6382979

2.5 Creazione di Arrays

array/()

* Package:
¢ Input:

data vettore numerico
dim dimensione

dimnames etichette di dimensione
¢ Description: creazione
e Example:
> etichette <- list (c("A", "B"), c("a", "b"), c("X", "y"))

> myarray <- array(data = 1:8, dim = c(2, 2, 2), dimnames = etichette)
> myarray
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b
ol
~J

> etichette <— list (c("A", "B"), c("a", "b"))
> x <- array(data = 1:8, dim = c(2, 2), dimnames = etichette)
> x

A
B 2 4

i
w

> x <- seq(l:12)
> dim(x) <- c(3, 2, 2)
> X

I T = S S g
R e

Package:
Input:

x array

Description: dimensione

Example:

> n <- 3

>m <— 3

> x <— 1:9

> dim(x) <- c(n, m)
> x
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> x <- seq(l:12)
> dim(x) <= c(3, 2, 2)

> X
14 14 l

[,11 [,2]
(1,1 1 4
[2,] 2 5
[3,] 3 6
14 14 2

[,11 [,2]
[1,] 7 10
(2,1 8 11
[3,] 9 12

* Package:
¢ Input:
x array
¢ Description: estrazione di elementi
¢ Example:

> x <- seqg(l:12)
> dim(x) <- c (2, 3, 2)

> x
4 14 1

(11 [,2] [,3]
[1,] 1 3 5
[2,] 2 4 6
4 14 2

(11 [,2] [,3]
[1,] 7 9 11
[2,] 8 10 12

(11 [,2]
[1,] 3 9
[2,] 5 11
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> x[1, 2:3, , drop = FALSE]

dimnames() ‘

* Package:
¢ Input:
x array
¢ Description: etichette di dimensione

¢ Example:

> X
14 14 l

[,11 [,2]1 [,3]
(1,1 1 3 5
[2,] 2 4 6
14 14 2

[,11 [,21 [,3]
(1,1 7 9 11
[2,] 8 10 12

> dimnames (x) <- list (letters[1:2], LETTERS[1:3], c("primo", "secondo"))
> x

, , primo

©
—

IOV I v)

o U1 Q)

, , secondo

A B C
a7 911
b 8 10 12
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Capitolo 3

Misure ed indici statistici

3.1 Minimo e massimo

* Package:
¢ Input:
x vettore numerico di dimensione n

¢ Description: minimo

e Formula:
(1)
e Examples:
> x <- c(4.5, 3.4, 8.7, 3.0)
> min (x)
[1] 3.4
> x <- c¢(1.1, 3.4, 4.5, 6.4, 4, 3, 4)
> min (x)
[11 1.1
* Package:
¢ Input:
x vettore numerico di dimensione n
¢ Description: massimo
¢ Formula:
T(n)

e Examples:

> x <- c¢c(1.2, 2.3, 4.5, 6.5)
> max (x)

[1] 6.5

> x <- c(l1.1, 3.4, 4.5, 6.4, 4, 3, 4)
> max (x)

[1] 6.4
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3.2 Campo di variazione e midrange

range()

Package:
Input:

x vettore numerico di dimensione n
Description: minimo e massimo

Formula:

Z(1)
Examples:

> x <- ¢(1, 1.2, 3.4, 0.8)
> min (x)

> range (x)

[1] 1.2 6.4

range2()

Package:
Input:

x vettore numerico di dimensione n
Description: campo di variazione

Formula:

T(n) = T(1)

Examples:

> x <- c¢c(1, 1.2, 3.4, 0.8)
> min (x)

[1] 0.8
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3.2 Campo di variazione e midrange

midrange()

Package:
Input:

x vettore numerico di dimensione n
Description: midrange

Formula:
(za) + () /2

Examples:

> x <- c(1, 1.2, 3.4, 0.8, 1.77, 7.8)
> min (x)

[1] 0.8
> max (x)
[1] 7.8

> midrange (x)

151



Misure ed indici statistici

> midrange (x)

[1] 3.8

extendrange()

* Package:
¢ Input:

x vettore numerico di dimensione n

f percentuale di estensione a del campo di variazione

¢ Description: campo di variazione

Formula:

ray—a (T —z) T +a (Tm —z)

Examples:

> x <- c(1, 1.2, 3.4, 0.8)
> alpha <- 0.05
> min (x)

> max (x) + alpha * (max(x) - min(x))

[1] 3.53

> extendrange(x, £ = 0.05)

[1] 0.67 3.53
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> x <= c¢c(1.2, 3.4, 4.5, 6.4, 4, 3, 4)
> alpha <- 0.05
> min (x)

> max (x) + alpha * (max(x) - min(x))
[1] 6.66
> extendrange(x, £ = 0.05)

[1] 0.94 6.66

3.3 Media aritmetica, geometrica ed armonica

* Package:
¢ Input:

x vettore numerico di dimensione n

trim il valore di a con 0 < a < 0.5 che rappresenta la percentuale di osservazioni pit1 basse e piu
alte che deve essere esclusa dal calcolo della media aritmetica

¢ Description: media a-trimmed

e Formula:
z sea=0
o — n—|nal
La = m Zi:l_najJrl i sel<a<05
Qo.5(x) se a=0.5

e Examples:

> x <— c¢c(1, 1.2, 3.4, 0.8, 10.2, 9.3, 7.34)
> n <— 7
> sum(x)/n

[1] 4.748571
> mean(x, trim = 0)
[1] 4.748571

> x <- c¢(1, 1.2, 3.4, 0.8, 10.2, 9.3, 7.34)
> x <— sort (x)
> x
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(1] 0.80 1.00 1.20 3.40 7.34 9.30 10.20

> n <= 7

> alpha <- 0.26

> sum (x[ (floor(n * alpha) + 1):(n - floor(n * alpha))]l)/(n - 2 =
+ floor(n = alpha))

[1] 4.448

> mean (x, trim = 0.26)

[1] 4.448

> x <- c¢(1, 1.2, 3.4, 0.8, 10.2, 9.3, 7.34)
> median (x)

[1] 3.4
> mean (x, trim = 0.5)
[1] 3.4
mean.g()
* Package:
¢ Input:

x vettore numerico di elementi positivi di dimensione n

¢ Description: media geometrica

n 1/n n
Tg = (H xi> = exp (711 Z log(mi)>

e Formula:

e Examples:

> x <— c(1.2, 2.3, 4.5, 6.5)
> n <-4
> prod(x)”~(1/n)

[1] 2.997497
> mean.g(x)
[1] 2.997497

> x <- c(l.2, 3.4, 4.5, 6.4, 4, 3, 4)
> n <- 7
> prod(x)”~(1/n)

[1] 3.434782
> mean.g(x)

[1] 3.434782
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3.4 Mediana e quantili

mean.a()

- Package:

Input:

x vettore numerico di elementi non nulli di dimensione n

Description: media armonica

Formula:

Examples:

> x <= c(l1.2, 2.

> 1/mean (1/x)

[1] 2.432817

> mean.a (x)

[1] 2.432817

> x <= c(l.2, 3.

> 1/mean (1/x)

[1] 2.992404

> mean.a (x)

[1] 2.992404

3, 4.5, 6.5)

4, 4.5, 6.4,

3.4 Mediana e quantili

* Package:

Input:

x vettore numerico di dimensione n

Description: mediana

Formula:

Examples:

> x <-= C

(1.2, O.

> x <— sort (x)

> X

[1] 0.34 1.20

> n <— 8
> 0.5

(x[n/2]

34, 5.6, 7.4,

2.10 3.20

+ x[n/2 + 11)

5.

,’.E(ng»l)

0.5 (33(%) + x(%ﬂ))

60

7.

.2,

40

9.

87, 10.

9.87 10.

se n € dispari

se n € pari

10
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[1] 4.4
> median (x)
[1] 4.4

> x <- c¢(1.2, 0.34, 5.6, 7.4, 2.1, 3.2, 9.87)
> x <— sort (x)
> X

[1] 0.34 1.20 2.10 3.20 5.60 7.40 9.87

> n <— 7
> x[(n + 1)/2]

[1] 3.2
> median (x)
[1] 3.2

* Note: Equivale alla funzione quando questa ¢é calcolata in probs = 0.5.

quantile()
* Package:
¢ Input:

x vettore numerico di dimensione n
probs valore p di probabilita

¢ Description: quantile al (100 p)%

Formula:
Z(a) se a € intero

Qp(z) =

T(la)) + (= [a]) (iU(LaJH) - m(LaJ)) se a non ¢€ intero

dove a=1+(n—-1)p

e Examples:

> x <- c¢(1.2, 2.3, 0.11, 4.5, 2.3, 4.55, 7.8, 6.6, 9.9)
> x <— sort (x)
> x

[1] 0.11 1.20 2.30 2.30 4.50 4.55 6.60 7.80 9.90

> n <— 9

> p <= 0.25

> alpha <=1 + (n - 1) * p
> alpha
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> quantile (x, probs = 0.25)

> x <- ¢(1.2, 2.3, 0.11, 4.5)
> x <— sort (x)
> x

(1] 0.11 1.20 2.30 4.50

n <-4

p <- 0.34

alpha <- 1 + (n — 1) = p
alpha

vV V V V

[1] 2.02

> x[floor (alpha)] + (alpha - floor(alpha)) x (x[floor(alpha) +
+ 1] - x[floor(alpha)])

[1] 1.222

> quantile(x, probs = 0.34)

34%
1.222

<- c(l.2, 4.2, 4.5, -5.6, 6.5, 1.2)
<—- sort (x)

<- 6

<- 0.68

alpha <- 1 + (n = 1) = p

alpha

vV V.V V V V
T B X X

[1] 4.4

> x[floor (alpha)] + (alpha - floor(alpha)) x (x[floor (alpha) +
+ 1] - x[floor(alpha)l])

[1] 4.32
> quantile(x, probs = 0.68)

68%
4.32

* Note 1: Equivale alla funzione [redian ()] quando probs = 0.5.

* Note 2: Equivale alla funzione quando probs

Il
o

* Note 3: Equivale alla funzione nax ()] quando probs = 1.
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3.5 Differenza interquartile e deviazione assoluta dalla mediana

IGR()
* Package:
¢ Input:

x vettore numerico di dimensione n

¢ Description: differenza interquartile

Formula:

IQR(z) = Qo.7s5(x) — Qo.25(x)

Examples:

> x <- c¢(1, 1.2, 3.4, 0.8, 10.2, 9.3, 7.34)
> diff (quantile(x, probs = c(0.25, 0.75)))

75%
7.22

> IQR (x)
[1] 7.22

> x <- c(l.2, 3.4, 4.5, 6.4, 4, 3, 4)
> diff (quantile (x, probs c(0.25, 0.75)))

75%
1.05

> IQR (x)
[1] 1.05

* Note: Calcola i quartili con la funzione

* Package:
¢ Input:

x vettore numerico di dimensione n
center parametro rispetto al quale si effettuano gli scarti

constant il valore « della costante positiva
¢ Description: deviazione assoluta dalla mediana

e Formula:
a Qo5 (|x — center(x)|)

¢ Examples:

> x <- c(l.2, 3.4, 4.5, 6.4, 4)
> alpha <- 1.23

> alpha * median (abs(x - median(x)))
[1] 0.738
> mad(x, center = median(x), constant = 1.23)
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[1] 0.738

> x <- c(1, 1.2, 3.4, 0.8, 10.2, 9.3, 7.34)
> alpha <- 1.55

> alpha * median (abs(x - mean(x)))
[1] 5.810286
> mad(x, center = mean(x), constant = 1.55)

[1] 5.810286

> x <- c(l.2, 4.2, 4.5, -5.6, 6.5, 1.2)
> alpha <- 2.42

> alpha x median (abs(x — mean (x)))

[1] 5.687

> mad (x, center = mean(x), constant = 2.42)
[1] 5.687

* Note: Per default vale constant = 1.4826 = 1/®71(0.75) e center = median (x).

3.6 Asimmetria e curtosi

¢ Package: [LlabstatR
¢ Input:
x vettore numerico di dimensione n

¢ Description: asimmetria nella popolazione

Formula:

@
\
S|
[~]=
N
&8
Q
8
8l
N———
w

Examples:

> x <- c(1, 2.3, 4.5, 6.7, 8.9)

> sigmax <- sgrt(mean((x — mean(x))”"2))
> mean ((x — mean(x))”"3/sigmax”3)

[1] 0.1701538

> skew (x)

[1] 0.1701538

> x <- ¢(l1.2, 3.4, 5.2, 3.4, 4.4)

> sigmax <- sqgrt (mean((x - mean(x))"2))
> mean ((x — mean(x))”"3/sigmax”3)

[1] -0.5845336

> skew (x)

[1] -0.5845336
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skewness() \
* Package:
¢ Input:

x vettore numerico di dimensione n

Description: asimmetria campionaria

Formula:

Examples:

> x <- c(1, 2.3, 4.5, 6.7, 8.9)
> mean ((x — mean (x))"3/sd(x)"3)

[1] 0.1217521
> skewness (x)

[1] 0.1217521
attr (, "method")
[1] "moment"

> x <— c(1.2, 3.4, 5.2, 3.4, 4.4)
> mean ((x — mean (x))"3/sd(x)"3)

[1] -0.4182582
> skewness (x)

[1] -0.4182582
attr (, "method")
[1] "moment"

skewness() ‘

Package:
Input:

x vettore numerico di dimensione n
Description: asimmetria campionaria

Formula:

Examples:

> x <- ¢(1, 2.3, 4.5, 6.7, 8.9)
> mean ((x — mean (x))"3/sd(x)"3)

[1] 0.1217521

> skewness (x)

3

B
\
S|
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[1] 0.1217521
attr(, "method")
[1] "moment"

> x <- ¢(1.2, 3.4, 5.2, 3.4, 4.4)
> mean ((x — mean (x))"3/sd(x)"3)

[1] -0.4182582

> skewness (x)

[1] -0.4182582
attr (, "method")
[I] "moment"

kurt()
» Package:

¢ Input:
x vettore numerico di dimensione n

* Description: kurtosi nella popolazione

Formula:

2
|
3|
(]
N
8
S)
)
Kl
N~
'

e Examples:

> x <- ¢(1, 2.3, 4.5, 6.7, 8.9)
> sigmax <- sqgrt(mean((x - mean(x))"2))
> mean ((x — mean(x))"4/sigmax”™4)

[1] 1.623612

> kurt (x)

[1] 1.623612

> x <- c(l.2, 3.4, 5.2, 3.4, 4.4)
> sigmax <- sqgrt(mean((x - mean(x))"2))
> mean ((x — mean (x))"4/sigmax”4)

[1] 2.312941

> kurt (x)

[1] 2.312941
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kurtosis()
* Package:
¢ Input:

x vettore numerico di dimensione n
* Description: kurtosi campionaria

e Formula:

¢ Examples:

> x <- c¢c(1, 2.3, 4.5, 6.7, 8.9)
> mean((x — mean(x))"4/sd(x)"4) - 3

[1] -1.960889
> kurtosis (x)

[1] -1.960889
attr (, "method")
[1] "excess"

> x <- c(l.2, 3.4, 5.2, 3.4, 4.4)
> mean((x — mean(x))"4/sd(x)"4) - 3

[1] -1.519718
> kurtosis (x)

[1] -1.519718
attr(, "method")
[1] "excess"

kurtosis()
* Package:
¢ Input:
x vettore numerico di dimensione n
¢ Description: kurtosi campionaria

e Formula:

e Examples:

> x <— c¢(1, 2.3, 4.5, 6.7, 8.9)
> mean ((x — mean(x))"4/sd(x)"4) - 3

[1] -1.960889

> kurtosis (x)
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[1] -1.960889
attr(, "method")
[1] "excess"

> x <- ¢(1.2, 3.4, 5.2, 3.4, 4.4)
> mean ((x — mean(x))”*4/sd(x)"4) - 3

[1] -1.519718

> kurtosis (x)

[1] -1.519718
attr (, "method")
[1] "excess"

geary()

Package: |
Input:

x vettore numerico di dimensione n
Description: kurtosi secondo Geary

Formula:

n —
c 1 |z; — T
=Ly lneal
n “ Oy
=1

Examples:

> x <- c(l, 2.3, 4.5, 6.7, 8.9)
> sigmax <- sqgrt (mean((x — mean(x))”"2))
> mean (abs (x — mean (x))/sigmax)

[1] 0.8702836

> geary (x)

[1] 0.8702836

> x <= c(l.2, 3.4, 5.2, 3.4, 4.4)
> sigmax <- sqgrt (mean((x - mean(x))"2))
> mean (abs (x — mean (x))/sigmax)

[1] 0.7629055

> geary (x)

[1] 0.7629055
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3.7 Coefficiente di variazione

* Package:
¢ Input:

x vettore numerico di dimensione n

square = TRUE / FALSE quadrato
¢ Description: coefficiente di variazione nella popolazione

¢ Formula:

’square = FALSE‘

CV, =o0,/%

’square = TRUE‘

CVE = (0,/%)°
e Examples:

> x <— c(1, 1.2, 3.4, 0.8)
> sigmax <- sqgrt(mean((x — mean(x))"2))
> sigmax/mean (x)

[1] 0.6555055
> var.coeff (x, square = FALSE)
[1] 0.6555055

> x <- c(l.2, 3.4, 4.5, 6.4, 4, 3, 4)
> sigmax <- sqrt (mean((x — mean(x))"2))
> (sigmax/mean (x)) "2

[1] 0.1484087
> var.coeff (x, square = TRUE)

[1] 0.1484087

ev0]
* Package:
¢ Input:
x vettore numerico di dimensione n
¢ Description: coefficiente di variazione nella popolazione

¢ Formula:
n—1

CV, =o,/|Z| =

CUyg
n

¢ Examples:
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3.7 Coefficiente di variazione

> x <- c¢(1, 1.2, 3.4, 0.8)
> sigmax <- sqrt (mean((x — mean(x))”"2))
> sigmax/abs (mean (x))

[1] 0.6555055
> cv (X)
[1] 0.6555055

> x <- c(l.2, 3.4, 4.5, 6.4, 4, 3, 4)
> sigmax <- sqrt(mean((x - mean(x))"2))
> sigmax/abs (mean (x))

[1] 0.3852385
> cv (X)

[1] 0.3852385

Package:
¢ Input:

x vettore numerico di dimensione n
¢ Description: coefficiente di variazione campionario

e Formula:

vy = S8 /|Z] = CV,

Examples:

> x <= c(1, 1.2, 3.4, 0.8)
> sd(x)/abs (mean (x))

[1] 0.7569126

> cv2 (x)

[1] 0.7569126

> x <= c¢c(1.2, 3.4, 4.5, 6.4, 4, 3, 4)
> sd(x)/abs (mean (x))

[1] 0.4161051

> cv2 (%)

[1] 0.4161051
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3.8 Scarto quadratico medio e deviazione standard

sigmal()
* Package:
¢ Input:

x vettore numerico di dimensione n

¢ Description: scarto quadratico medio

= e 1 1
O'I< Z(xlff) \/nssm\/n; Sy

1

e Formula:

S|

Examples:

> x <- c(l, 2.3, 4.5, 6.7, 8.9)
> sgrt (mean ((x — mean(x))"2))

[1] 2.868031
> sigma (x)
[1] 2.868031

> x <- c(l.2, 2.3, 4.5, 6.5)
> sgrt (mean((x — mean(x))"2))

[1] 2.041292
> sigma (x)

[1] 2.041292

Package:
¢ Input:

x vettore numerico di dimensione n
¢ Description: deviazione standard

e Formula:

1 <& e 1

i=1
e Examples:

> x <- ¢(1, 2.3, 4.5, 6.7, 8.9)
> n <- 5
> sqrt (sum((x - mean(x))"2)/(n - 1))

[1] 3.206556
> sd(x)

[1] 3.206556
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> x <= c¢c(1.3, 4.2, 3.3, 8.7)
> n <-4
> sqrt (sum((x — mean(x))"2)/(n — 1))

[1] 3.127699

> sd(x)

[1] 3.127699

3.9 Errore standard

popstderror()

* Package: [sigmaZ2tools
¢ Input:
x vettore numerico di dimensione n

¢ Description: errore standard nella popolazione

SEE:(M/VFF:\/nils%
n

e Formula:

¢ Examples:

> x <- c(1, 1.2, 3.4, 0.8)

> n <-4

> sigmax <- sqrt(sum((x — mean(x))”2)/n)
> sigmax/sqgrt (n)

[1] 0.5244044

> popstderror (x)

[1] 0.5244044

> x <= c(l.2, 3.4, 4.5, 6.4, 4, 3, 4)

> n <-— 7

> sigmax <- sqgrt(sum((x — mean(x))”"2)/n)
> sigmax/sqgrt (n)

[1] 0.5512245

> popstderror (x)

[1] 0.5512245
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* Package: [sigmaZ2tools
¢ Input:
x vettore numerico di dimensione n

¢ Description: errore standard campionario

Formula:

sey = Sy /\/n = ”nTISEw

¢ Examples:

> x <= c¢c(1, 1.2, 3.4, 0.8)
> n <— 4
> sd(x)/sgrt (n)

[1] 0.6055301
> stderror (x)
[1] 0.6055301

> x <- c¢c(1.2, 3.4, 4.5, 6.4, 4, 3, 4)
> n <= 7
> sd(x) /sqgrt (n)

[1] 0.5953905
> stderror (x)

[1] 0.5953905

3.10 Varianza e devianza

sigma2()
* Package:
¢ Input:

x vettore numerico di dimensione n
¢ Description: varianza nella popolazione

e Formula:
2
xr

g

n n
1 N2 1 2 =2 _
e (T R S I
n “ n

=1 =1

¢ Examples:

> x <- c(1, 2.3, 4.5, 6.7, 8.9)

l4
A

N

> mean ((x — mean (x))

[1] 8.2256

> sigma2 (x)

[1] 8.2256

1
— 88, =
n

n—1

n

S

2
T
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> x <- c(l1.2, 2.3, 4. 6.5)
)

5,
> mean ((x — mean(x))"2)
[1] 4.166875
> sigma2 (x)

[1] 4.166875

Package: [fUtilities

¢ Input:
x vettore numerico di dimensione n

¢ Description: varianza campionaria

Formula:

1 i 1 n 1 n
si = Z(mi—m)Q = Zm%_n,1x2 = nilssw = nilag

i=1 i=1

¢ Examples:

> x <- ¢(1, 2.3, 4.5, 6.7, 8.9)
> n <- 5
> sum((x — mean(x))”"2)/(n - 1)

[1] 10.282

> var (x)

[1] 10.282

> x <- ¢c(1.2, 3.4, 5.6, 3.7, 7.8, 8.5)
> n <— 6
> sum((x — mean(x))”2)/(n - 1)

[1] 7.826667

> var (x)

[1] 7.826667
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* Package: [sigma2tools
¢ Input:
x vettore numerico di dimensione n

¢ Description: devianza

Formula:

$8; = Z(xi—;i)Q = Zm?—n:ﬁ = (n—1)s> = no?

i=1 i=1

Examples:

> x <—- c(1, 1.2, 3.4, 0.8)
> sum((x — mean(x))”"2)

> x <- c(l.2, 2.3, 4.5, 6.5)
> sum( (X — mean(x))"2)

[1] 16.6675
> ssdev (x)

[1] 16.6675

3.11 Covarianza e codevianza

CoVv()
* Package:
¢ Input:

x vettore numerico di dimensione n

y vettore numerico di dimensione n
¢ Description: covarianza nella popolazione

¢ Formula:

¢ Examples:

> x <- c(1, 2.3, 4.5, 6.7, 8.9)
4

> vy <—- c(l.2, 3.4, .5, 6.4, 4)
> mean ((x — mean(x)) * (y — mean(y)))
[1] 3.298

> COV (x, vVy)

[1] 3.298

170



3.11 Covarianza e codevianza

> x <— c(1.2, 3.4, 5.6, 7.5, 7.7, 7.8)
>y <- c(l.1, 2.3, 4.4, 5.1, 2.9, 8.7)
> mean ((x — mean(x)) * (y — mean(y)))
[1] 4.442222
> COV(x, V)
[1] 4.442222
 Package: [T 1eq]
¢ Input:
x vettore numerico di dimensione n
y vettore numerico di dimensione n
¢ Description: covarianza campionaria
¢ Formula:
1 « ~ ~ 1 no__ 1 n
S T 1 ;(‘T’_m)(yi_y) T -1 ;miyi_n 1Y T T e T T O
¢ Examples:
> x <- ¢(1, 2.3, 4.5, 6.7, 8.9)
>y <- c(l1.3, 4.2, 3.3, 8.7, 3.7)
> n <— 5
> sum((x - mean(x)) * (y — mean(y)))/(n - 1)
[1] 4.4535

> cov(x, Vy)

[1] 4.4535

> x <- ¢(l1.5, 6.4, 6.3, 6.7, 7.5, 4.5, 4.2, 7.8)
>y <- c(l.2, 3.4, 4.5, 6.4, 4, 3, 4, 3.4)

> n <— 8

> sum((x - mean(x)) * (y — mean(y)))/(n - 1)

[1] 1.970893

> cov(x, V)

[1] 1.970893
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« Package:
¢ Input:

x vettore numerico di dimensione n

y vettore numerico di dimensione n
¢ Description: codevianza

e Formula:

¢ Examples:

> x <- c(1.5, 6.4, 6.3, 6.7, 7.5)

> vy <- c(l.2, 3.4, 4.5, 6.4, 4)

> sum((x — mean(x)) * (y — mean(y)))
[1] 14.03

> codev(x, V)

[1] 14.03

> x <- c¢c(l1.2, 3.4, 5.6, 7.5, 7.7, 7.8)
>y <- c¢c(l.1, 2.3, 4.4, 5.1, 2.9, 8.7)
> sum((x — mean(x)) * (y — mean(y)))

[1] 26.65333
> codev(x, V)

[1] 26.65333

3.12 Matrice di varianza e covarianza

sigma2m()

* Package:
¢ Input:

x matrice di dimensione n x k le cui colonne corrispondono ai vettori numerici x;, xa, ...,
¢ Description: matrice di covarianza non corretta

e Formula: .
Szz‘fﬂj = 7(1’i—.’fi)T(.’Ej—(fj) VZ,] = 1, 2, ey k
' n

e Examples:

> k <= 2

> x1 <— c(1.3, 4.6, 7.7, 8.4, 12.4)
> x2 <- c(l1.2, 3.4, 4.5, 6.4, 4)

> n <- 5

> (n - 1) * var(xl)/n

[1] 13.9576
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> (n - 1) * var(x2)/n

[1] 2.832

> (n - 1) * cov(xl, x2)/n
[1] 4.21

> x <= cbind(x

> sigma2m (x)

x1

1,

X2

x1l 13.9576 4.210
x2 4.2100 2.832

[1] 7.670612

x2)

> k <- 3

> x1 <= c(1.1, 3.6, 7.4, 6.8,
> x2 <- c(5.6, 7.54, 7.3, 3.5,
> x3 <= c(2.8, 8.5, 6.4, 7.8,
> n <= 7

> (n — 1) * var(xl)/n

> (n — 1) * var(x2)/n

[1] 2.380869

> (n - 1) * var(x3)/n

[1] 1042.793

> (n — 1) * cov(xl, x2)/n

[1] 0.5416122

> (n — 1) * cov(xl, x3)/n

[1] 56.06959

> (n — 1) * cov(x2, x3)/n

[1] 11.56516

> x <— cbind(x

> sigmaZ2m (x)

x1
x1l 7.6706122
x2 0.5416122
x3 56.0695918

1,

X2, X3)

X2

.5416122 56.
.3808694 11.
.5651633 1042.

* Note: Naturalmente vale che s,,,, =

9.8, 7.6, 3.8)

6.45, 5.4, 3.4)

98.6, 7.5, 5.7)

%3
06959
56516
79265
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Var()
* Package:
¢ Input:

x matrice di dimensione n x k le cui colonne corrispondono ai vettori numerici =i, xs, ..., ok

diag = TRUE / FALSE varianze campionarie o matrice di covarianza
¢ Description: matrice di covarianza

¢ Formula:

[ diag = TRUE |

Sxizn_l(xi—.fi)T(LCi—i‘i) Vi=12,...,k
| diag = FALSE |
1 \T _ .
Spix; = (x; — &) (xj—x;) Vi, j=1,2,...,k
n—1

e Examples:

> k <= 2

> x1 <~ ¢(0.5, -0.1, 0.2, -1.9, 1.9, 0.7, -1.5, 0, -2.5, 1.6, 0.2,

+ -0.3)

> x2 <- c(1, 4, 10, 2.1, 3.5, 5.6, 8.4, 12, 6.5, 2, 1.2, 3.4)
> n <— 12
> var (x1)

[1] 1.734545
> var (x2)

[1] 12.89295
> cov(x1l, x2)
[1] -1.070909

> X <- cbind(x1l, x2)
> Var (x, diag = TRUE)

x1 X2
1.734545 12.892955

> Var (x, diag = FALSE)

x1 X2
x1l 1.734545 -1.070909
x2 —=1.070909 12.892955

> k <- 3

x1l <= c(l1.2,
X2 <- c(1.1,
x3 <= c(1, 2.
n <- 5

var (x1)

o N W
o B U1
N o
~ 01 J
w o
~ W J
w

vV V. V V V

[1] 7.717
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> var (x2)

[1] 2.76

> var (x3)

[1] 10.647

> cov (x1l, x2)
[1] 3.965

> cov(x1l, x3)
[1] 8.628

> cov (x2, x3)
[1] 4.895

> x <— cbind(x1l, x2, x3)
> Var (x, diag = TRUE)

x1 X2 X3
7.717 2.760 10.647

> Var (x, diag = FALSE)

x1 X2 x3
x1 7.717 3.965 8.628
x2 3.965 2.760 4.895
x3 8.628 4.895 10.647

¢ Note: Naturalmente vale che s;,,, = s Vi=1,2,..., k.

3.13 Correlazione di Pearson, Spearman e Kendall

Package:
¢ Input:

x vettore numerico di dimensione n
y vettore numerico di dimensione n

method = "pearson" / "spearman" / "kendall" tipo di coefficiente

¢ Description: coefficiente di correlazione

Formula:

method = "pearson"
| |

2ica(zi — ) (i — ) _ D TiYi — NIy

Toy = =
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’method = "spearman"‘

5 Y (s — a) (b~ ) Yy b= (1) /2)?

N (Z?ﬂ(az—a>2)1/2<2?=1<b15>2)1/2 (Z;;la%n<<n+1>/2>2)1/2(2?=1b%n<<n+1>/2>2)1/2

dove a, b sono i ranghi di x ed y rispettivamente.

’method = "kendall"‘

K 2 0 S sign((x — @) (y; — i)

dove ¢, u sono i ties di « ed y rispettivamente.
e Examples:

> x <= c¢c(1, 2, 2, 4, 3, 3)
>y < c(6, 6, 7, 7, 7, 9)
> cov(x, y)/(sd(x) * sd(y))

[1] 0.522233
> cor(x, y, method = "pearson")

[1] 0.522233

> x <- c¢(1, 2, 3, 5.6, 7.6, 2.3, 1)

>y <- c(l.2, 2.2, 3, 15.6, 71.6, 2.2, 1.2)
> a <- rank (x)

> b <- rank(y)

> rhoS <- cov(a, b)/(sd(a) * sd(b))

> rhoS

[1] 0.9908674

> cor(x, y, method = "spearman")

[1] 0.9908674

> x <= c(1, 2! 2r 4/ 3/ 3)
>y <-= C(6, 6, 7, 71 7/ 9)

> n <—- 6

> matrice <- matrix (0, nrow = n - 1, ncol = n, byrow = FALSE)

> for (1 in 1:(n - 1)) for (j in (i + 1):n) matrice[i, J] <- sign((x[]J] -
+ x[1]) » (yv[3] - yI[i]))

> table (rank (x))

1
> g <= 2
> tl <= 2
> t2 <= 2
> t <- c(tl, t2)
> t
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[1] 2 2

> table(rank (y))

vV V. V V V
o
N
A
|
w

> rhoK <- (2 * sum(matrice))/((n » (n — 1) — sum(t (£t — 1)))"0.5 =«
+ (n * (n — 1) = sum(u » (u — 1)))"0.5)
> rhoK

[1] 0.5853694

> cor(x, y, method = "kendall")

[1] 0.5853694

> x <- c¢(1, 2, 3, 5.6, 7.6, 2.3, 1)
>y <- c(l.2, 2.2, 3, 15.6, 71.6, 2.2, 1.2)
> cov(x, y)/(sd(x) * sd(y))

[1] 0.8790885
> cor(x, y, method = "pearson")
[1] 0.8790885

x <= c(1, 2, 2, 4, 3, 3)
y <= c(6, 6,
a <- rank (x)
b <= rank(y)
rhoS <- cov(a, b)/(sd(a) * sd(b))

vV V. V V V V

[1] 0.6833149

> cor (x, y, method = "spearman")

[1] 0.6833149

x <- c¢(1, 2, 3, 5.6, 7.6, 2.3, 1)

y <- c¢(1.2, 2.2, 3, 15.6, 71.6, 2.2, 1.2)

n <- 7

matrice <- matrix (0, nrow n - 1, ncol = n, byrow = FALSE)

for (1 in 1:(n - 1)) for (j in (i + 1):n) matricel[i, Jj] <- sign((x[]J] -
x[i]) = (y[3J] - yI[i]))

table (rank (x))

vV + V V. V V V

177



Misure ed indici statistici

> g <=1
> t <= 2
> table (rank (y))

N On

h <- 2

ul <- 2

uz2 <- 2

u <- c(ul, u2)
u

vV V. V V V

[1] 2 2

> rhoK <- (2 % sum(matrice))/((n * (n - 1) — sum(t * (t — 1)))"*0.5 =«
+ (n * (n — 1) = sum(u » (u — 1)))"0.5)
> rhoK

[1] 0.9746794
> cor(x, y, method = "kendall")

[1] 0.9746794

* Package:
¢ Input:

VvV matrice di covarianza di dimensione k x k relativa ai vettori numerici z1, xs, ..., xk
¢ Description: converte la matrice di covarianza nella matrice di correlazione

¢ Formula:
U$i$j S:vizvj stiwj

Tgix; = = = Vi,j =1,2, ..., k
O, Og, Sa, Sa, /552, 552,

¢ Examples:

x1l <- ¢(-1.2, -1.3, -6.7, 0.8, -7.6, —-5.6)
x2 <- c¢(1, 2, 3, 5, 6, 7.3)

dati <- cbind(x1l, x2)

dati

vV V. V V

xl x2
[1,] -1.2 1.0
[2,] -1.3 2.0
[3,]1 -6.7 3.0
[4,1] 0.8 5.0
[5,1 -7.6 6.0
[6,] -5.6 7.3
> n <- 6
> k <= 2
> V <- cov(dati)
> VvV

x1 X2

x1 12.004 -3.780
x2 =-3.780 5.975
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> cor (dati)

x1
x1l 1.0000000
x2 —-0.4463339

> cov2cor (V)

x1
x1l 1.0000000
x2 —0.4463339

x1l <= c(1,
X2 <—= c (2.7
x3 <- c (1,

vV V. V V V

dati

x1
.00

.50
.20
.23

s N e
O 0 N

<=5
<- 3

vV V V V
<<~ B3
A
[

x1
x1 2.120480
X2 2.969010 3
X3 3.679945

> cor (dati)

x1
x1 1.0000000
x2 0.3254444
x3 0.6745301

> cov2cor (V)

x1
x1 1.0000000
x2 0.3254444
x3 0.6745301

* Note: Naturalmente vale che s;,,, = s

X2

-0.4463339

1.0000000

X2

-0.4463339

2,
14

4.

X2

.70
.80
.80
.50
.21

1.0000000

4.5,
-7.8,
77, 8.

dati <- cbind(x1l, x2,

x3
.00
i
.90
.80
.80

O 1 O =

cov (dati)

X2

.969010 3.
.249620
.167965 14

ul

X2

.3254444 0.
.0000000 O
.2201805 1

X2

.3254444 0.
.0000000 O
.2201805 1

x3
679945
.167965
.036080

x3
6745301
.2201805
.0000000

%3
6745301
.2201805
.0000000

T4

Vi=1,2, ...
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* Package:
¢ Input:
x vettore numerico di dimensione n

y vettore numerico di dimensione n

xcenter = TRUE / FALSE parametro di posizione

ycenter TRUE / FALSE parametro di posizione
¢ Description: correlazione canonica
¢ Output:

cor coefficiente di correlazione
xcenter parametro di locazione

ycenter parametro di locazione

¢ Formula:
cor
xcenter = TRUE AND vycenter = TRUE‘
Fay = D (@i — ) (i — )
(S =2 (00, i - 902
xcenter = TRUE AND vycenter = FALSE‘
Tey = Ezzzl(ﬁz;'f)yi 3
(im (@i —2)%) "7 (2 )
xcenter = FALSE AND vycenter = TRUE
Ty = 21;:21 zi (yi —Y) 0
i =) T i —9)?)
xcenter = FALSE AND ycenter = FALSE‘
Tzy = n E}%g,fiyi 1/2
(Xim 7?) iz %)
Xcenter
| xcenter = TRUE |
T
’xcenter = FALSE‘
0
ycenter

’ycenter = TRUE‘

Y

’ycenter = FALSE‘

0
e Examples:
> x <- c¢(1, 2, 3, 5.6, 7.6, 2.3, 1)
>y <- c¢c(l.2, 2.2, 3, 15.6, 71.6, 2.2, 1.2)
> n <— 7
> sum((x — mean(x)) * (y — mean(y)))/ (sum((x — mean(x))"2)"0.5 «
+ sum((y — mean(y))"2)°0.5)
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[1] 0.8790885

> cancor (x, y, xcenter = TRUE, ycenter = TRUE) Scor

[1] 0.8790885

> mean (x)

[1] 3.214286

> cancor (x, y, xcenter = TRUE, ycenter = TRUE) $xcenter

[1] 3.21428¢6

> mean (y)

[1] 13.85714

> cancor (x, y, xcenter = TRUE, ycenter = TRUE) Sycenter

[1] 13.85714

> sum((x - mean(x)) * y)/(sum((x — mean(x))”"2)70.5 x sum(y"2)"0.5)

[1] 0.7616638

> cancor (x, y, xcenter = TRUE, ycenter FALSE) Scor
[1] 0.7616638

> mean (x)

[1] 3.214286

> cancor (x, y, xcenter = TRUE, ycenter = FALSE) $xcenter

[1] 3.21428¢6

> cancor (x, y, xcenter = TRUE, ycenter = FALSE) Sycenter
[1] O
> sum(x * (y — mean(y)))/ (sum(x*2)70.5 * sum((y — mean(y))"2)70.5)

[1] 0.5118281

> cancor (x, y, xcenter = FALSE, ycenter = TRUE) Scor
[1] 0.5118281
> cancor (x, y, xcenter = FALSE, ycenter = TRUE) $xcenter

[1] O

> mean (y)

[1] 13.85714
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> cancor (x, y, xcenter = FALSE, ycenter = TRUE) $ycenter

[1] 13.85714

> sum(x * y)/(sum(x"2)"0.5 % sum(y”*2)70.5)

[1] 0.8494115

> cancor (x, y, xcenter = FALSE, ycenter = FALSE) Scor

[1] 0.8494115

> cancor (x, y, xXcenter = FALSE, ycenter FALSE) $xcenter

[1]1 O

> cancor(x, y, xcenter = FALSE, ycenter FALSE) $ycenter

[1] O

> x <= c(l.2, 2.3, 4.5, 3.2, 4.7)

>y <- c(l.8, 9.87, 7.5, 6.6, 7.7)

> n <- 5

> sum((x — mean(x)) * (y — mean(y)))/ (sum((x — mean(x))"2)"0.5 «
+ sum((y — mean(y))"2)70.5)

[1] 0.536735

> cancor (x, y, xcenter = TRUE, ycenter = TRUE) Scor

[1] 0.536735

> mean (xX)

[1] 3.18

> cancor (x, y, xcenter = TRUE, ycenter = TRUE) $xcenter

[1] 3.18

> mean (y)

[1] 6.694

> cancor (x, y, xcenter = TRUE, ycenter = TRUE) Sycenter

[1] 6.694

> sum((x — mean(x)) * y)/(sum((x — mean(x))”"2)70.5 x sum(y"2)"0.5)

[1] 0.1990048

> cancor (x, y, xcenter = TRUE, ycenter = FALSE) Scor

[1] 0.1990048

> mean (x)
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[1] 3.18

> cancor (x, y, xcenter =

[1] 3.18

> cancor (x, y, xcenter =

TRUE, ycenter

TRUE, ycenter

> sum(x * (y — mean(y)))/ (sum(x"2)"0.5

[1] 0.2061343

> cancor (x, y, xcenter =

[1] 0.2061343

> cancor (x, y, xcenter =

[1] O

> mean (y)

[1] 6.694

> cancor (x, y, xcenter =

[1] 6.694

> sum(x * y)/ (sum(x"2)"0.

[1] 0.9339306

> cancor (x, y, xcenter

[1] 0.9339306

> cancor (x, y, xcenter =

[1] O

> cancor (x, y, xcenter =

[1] O

FALSE, ycenter

FALSE, ycenter

FALSE, ycenter

5 % sum(y”*2)"0.

FALSE, ycenter

FALSE, ycenter

FALSE, ycenter

FALSE) $Sxcenter

FALSE) Sycenter

sum((y — mean(y))”~2)70.5)

TRUE) Scor

TRUE) $Sxcenter

TRUE) Sycenter

FALSE) Scor

FALSE) $xcenter

FALSE) $ycenter
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partial.cor() \

Package:
Input:

X matrice di dimensione n x k le cui colonne corrispondono ai vettori numerici x;, zo, ...

y Tk

Description: correlazione parziale

Formula: )
Tl = —% Viti=12 ...k
VLR
dove R € la matrice di correlazione tra i k vettori
Examples:
> k <= 3
> x1 <- c¢(1.1, 2.3, 4.5, 6.7, 8.9, 3.4, 5.6, 6.7)
> x2 <- c¢(1.2, 3.4, 5.6, 7.5, 7.5, 6.7, 8.6, 7.6)
> x3 <- c¢(1.4, 5.6, 7.56, 6, 5.4, 6.6, 8.7, 8.7)
> X <- cbind(x1l, x2, x3)
> X
x1l x2 x3

[1,] 1.1 1.2 1.40
[2,] 2.3 3.4 5.60
[3,] 4.5 5.6 7.56
[4,] 6.7 7.5 6.00
[5,] 8.9 7.5 5.40
[6,] 3.4 6.7 6.60
[7,] 5.6 8.6 8.70
[8,] 6.7 7.6 8.70
> n <— 8
> R <— cor (X)
> RI <- solve (R)
> D <- 1/sqgrt (diag(RI))
> mat <- -RI % (D %0% D)
> diag(mat) <= 0
> mat

x1 X2 X3
x1 0.0000000 0.8221398 -0.4883764
x2 0.8221398 0.0000000 0.8022181
x3 —-0.4883764 0.8022181 0.0000000
> partial.cor (X)

x1 X2 X3
x1l 0.0000000 0.8221398 -0.4883764
x2 0.8221398 0.0000000 0.8022181
x3 —-0.4883764 0.8022181 0.0000000
> k <= 2
> x1 <- ¢(-1.2, -1.3, -6.7, 0.8, -7.6, =-5.06)
> x2 <- c¢(1, 2, 3, 5, 6, 7.3)
> X <— cbind(xl, x2)
> X
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x1l x2
[1,] -1.2 1.0
[2,] -1.3 2.0
[3,]1 -6.7 3.0
[4,] 0.8 5.0
[5,1 -7.6 6.0
[6,] -5.6 7.3
> n <- 6
> R <= cor (X)
> RI <- solve(R)
> D <- 1/sgrt(diag(RI))
> mat <- -RI » (D %0% D)
> diag(mat) <- 0
> mat

x1 x2
x1 0.0000000 -0.4463339
x2 —-0.4463339 0.0000000

> partial.cor (X)

x1 x2
x1 0.0000000 -0.4463339
x2 —-0.4463339 0.0000000

cor2pcor()

* Package:
¢ Input:
m matrice di covarianza o di correlazione di dimensione n x k dei vettori numerici x1, zs, ..., zg
¢ Description: correlazione parziale
¢ Formula:

-1
SN S
T‘(E'LI]‘ - Z’ ] - ) 7ttt

—1p—1
i1, ]
dove R € la matrice di correlazione tra i k vettori

¢ Example 1:

> k <= 3
> x1 <- c¢(1.1, 2.3, 4.5, 6.7, 8.9, 3.4, 5.6, 6.7)
> x2 <- c¢(1.2, 3.4, 5.6, 7.5, 7.5, 6.7, 8.6, 7.6)
> x3 <- c¢(1.4, 5.6, 7.56, 6, 5.4, 6.6, 8.7, 8.7)
> X <= cbind(x1l, x2, x3)
> X
x1 x2 x3
[1,] 1.1 1.2 1.40
[2,] 2.3 3.4 5.60
[3,] 4.5 5.6 7.56
[4,] 6.7 7.5 6.00
[5,] 8.9 7.5 5.40
[6,] 3.4 6.7 6.60
[7,] 5.6 8.6 8.70
[8,] 6.7 7.6 8.70
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n <- 8

R <- cor (X)

RI <- solve(R)

D <- 1/sqgrt (diag(RI))
mat <- —-RI = (D %0% D)
diag(mat) <- 1

mat

vV V.V V V V V

x1 x2 x3
x1 1.0000000 0.8221398 -0.4883764
x2 0.8221398 1.0000000 0.8022181
x3 —-0.4883764 0.8022181 1.0000000
> cor2pcor (m = cor (X))

[,1] [,2] [,3]
(1,7 1.0000000 0.8221398 -0.4883764
(2,1 0.8221398 1.0000000 0.8022181
[3,]1] -0.4883764 0.8022181 1.0000000
> cor2pcor (m = cov (X))

[,1] [,2] [,3]
(1,7 1.0000000 0.8221398 -0.4883764
(2,1 0.8221398 1.0000000 0.8022181
[3,]1 -0.4883764 0.8022181 1.0000000

0.

Example 2:

> k <= 2

> x1 <- c¢(-1.2, -1.3, —-6.7,

> x2 <= c¢(1, 2, 3, 5, 6, 7.3)
> X <— cbind(xl, x2)

> X

x1l x2
[1,]1] -1.2 1.0
[2,] -1.3 2.0
[3,] -6.7 3.0
(4,7 0.8 5.0
[5,] -7.6 6.0
[6,] -5.6 7.3

n <- 6

R <= cor (X)

RI <- solve(R)

D <- 1/sqrt(diag(RI))
mat <- -RI = (D %0% D)
diag(mat) <- 1

mat

vV V.V V V V V

x1 X2
x1l 1.0000000 -0.4463339
x2 -0.4463339 1.0000000
> cor2pcor (m = cor (X))

[,1] [,2]
[1,] 1.0000000 -0.4463339
[2,] -0.4463339 1.0000000

8, —7.

6,

-5.6)
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> cor2pcor (m = cov (X))

[,1] [,2]
[1,] 1.0000000 -0.4463339
[2,] -0.4463339 1.0000000

pcor2cor()

Package:
¢ Input:
m matrice di correlazione parziale di dimensione k x k dei vettori numerici z1, zo, ..., zj

¢ Description: correlazione parziale

¢ Formula:
UIin S{L’,;:L’j SSZL’,;:EJ' P
Toix; = = = V’L,jzl,Z,...,k
Oz, Oz, Sz; Sz, \/S8z; 58,
¢ Examples:
> k <= 3
> x1 <- ¢(1.1, 2.3, 4.5, 6.7, 8.9, 3.4, 5.6, 6.7)
> x2 <- c¢(1.2, 3.4, 5.6, 7.5, 7.5, 6.7, 8.6, 7.6)
> x3 <- c¢(1.4, 5.6, 7.56, 6, 5.4, 6.6, 8.7, 8.7)
> X <= cbind(x1l, x2, x3)
> X
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> cor (X)

x1 X2 x3
x1 1.0000000 0.8260355 0.5035850
x2 0.8260355 1.0000000 0.8066075
x3 0.5035850 0.8066075 1.0000000

> mat <- cor2pcor (cor (X))
> mat

[,1] [,2] [,3]
[1,] 1.0000000 0.8221398 -0.4883764
[2,] 0.8221398 1.0000000 0.8022181
[3,] -0.4883764 0.8022181 1.0000000

> pcor2cor (m = mat)

[,1] [,2] [,3]
[1,] 1.0000000 0.8260355 0.5035850
[2,] 0.8260355 1.0000000 0.8066075
[3,] 0.5035850 0.8066075 1.0000000
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> k <= 2
> x1 <- ¢(-1.2, -1.3, -6.7, 0.8, =-7.6, -5.6)
> x2 <= c¢(1, 2, 3, 5, 6, 7.3)
> X <— cbind(x1l, x2)
> X

x1 x2
[1,] -1.2 1.0
[2,] -1.3 2.0
[3,] -6.7 3.0
[4,] 0.8 5.0
[5,]1] -7.6 6.0
[6,] -5.6 7.3
> n <- 6
> cor (X)

x1 X2

x1 1.0000000 -0.4463339
x2 —-0.4463339 1.0000000
> mat <- cor2pcor (m = cor (X))
> corZ2pcor (m = mat)

[,1]

[,2]

[1,] 1.0000000 -0.4463339
[2,] -0.4463339 1.0000000

3.14 Media e varianza pesate

weighted.mean()

¢ Input:
* Package:

x vettore numerico di dimensione n

w vettore numerico w di pesi di dimensione n

¢ Description: media pesata

Formula:

_ Dy TiWi
Tw = =n
E:j:1 wj

¢ Examples:

> x <- c¢(3.7, 3.3, 3.5, 2.8)
> w <- C(SI 5/ 4/ 1)
> sum (w)

[1] 15

> sum(x * w)/sum(w)
[1] 3.453333

> weighted.mean (x, w)

[1] 3.453333
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> x <- c¢(3.7, 3.3, 3.5, 2.8)
> w <- c(0.16, 0.34, 0.28, 0.22)
> sum (w)

(11 1

> sum(x * w)

[1] 3.31

> weighted.mean (x, w)

[1] 3.31
wt.var()
¢ Input:
» Package: Forpoor]

xvec vettore numerico di dimensione n

w vettore numerico w di pesi a somma unitaria di dimensione n
¢ Description: varianza pesata

e Formula:
si =(1- w? I d_fw)T Wz — Zw)

e Examples:

> x <= c¢(3.7, 3.3, 3.5, 2.8)

> w <- c(5, 5, 4, 1)

> w <— w/sum(w)

> XW <— sum(x * w)

> W <— diag(1l/w)

> as.numeric (l/ (1 - t(w) %*% w) * t(x — xW) %$x% solve (W) %*% (x —
+ xW) )

[1] 0.0813924

> wt.var (xvec = x, W)

[1] 0.0813924

> x <= c¢(3.7, 3.3, 3.5, 2.8)

> w <- c(0.16, 0.34, 0.28, 0.22)

> XW <— sum(x * w)

> W <— diag(1l/w)

> as.numeric (l/ (1 — t(w) %*% w) * t(x — xW) %x% solve (W) %*% (x —
+ xW) )

[1] 0.1252732

> wt.var (xvec = X, W)

[1] 0.1252732

189



Misure ed indici statistici

wt.moments() \

* Package:
¢ Input:

x matrice di dimensione n x k le cui colonne corrispondono ai vettori numerici =1, xs, ...

y Tk

w vettore numerico w di pesi a somma unitaria di dimensione n

* Description: media e varinza pesate pesata

¢ Output:

mean medie pesate

var varianze pesate
¢ Formula:

mean

var

e Examples 1:

k <= 2

x1l <- c(1.2, 3.4,
x2 <- c(1.1, 2.3,
x <—- cbind(xl, x2)
n <- 6

w <- c(0.16, O.
xW1
XW2 <= sum(x2 * w)
c(xWl, xW2)

5.6, 7.5,
4.4, 5.1
34, 0
<— sum(x1l * w)

.28, 0.

vV V.V V V V V V V

[1] 4.588 3.208

> wt.moments (x, w)Smean

x1 X2
4.588 3.208

W <- diag(1l/w)

varl <- as.numeric(1l/(1 — t (w)
(x1 - xW1l))

var2 <- as.numeric(1l/(1 - t (w)
(x2 — xW2))

c(varl, wvar2)

vV + V. + V V

[1] 6.061454 3.200126

w) Svar

> wt.moments (x,

x1 X2
6.061454 3.200126

¢ Examples 2:

7.
;2.

Tow Yi=1,2,...,k
(a?i—iiw) w (a?l—iiw) Vl—l, 2, ,k‘
, 7.8)
, 8.7)
0.08, 0.02)
$x% w) * t(x1l — xWl) %$*% solve (W) %*%
$x% W) * t(x2 — xW2) %$x% solve (W) %x%
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> k <= 3
> x1 <= ¢(1.1, 3.6, 7.4, 6.8, 9.8, 7.6, 3.8)
> x2 <- c(5.6, 7.54, 7.3, 3.5, 6.45, 5.4, 3.4)
> x3 <- ¢(2.8, 8.5, 6.4, 7.8, 98.6, 7.5, 5.7)
> x <- cbind(x1l, x2, x3)
> n <— 7
> w <- c(0.16, 0.34, 0.15, 0.12, 0.08, 0.03, O.
> xWl <—= sum(xl * w)
> xXW2 <— sum(x2 * w)
> xXW3 <= sum(x3 * w)
> c(xWl, xW2, =xW3)
[1] 4.7940 6.0606 14.0310
> wt.moments (x, w)Smean
x1 X2 x3

4.7940 6.0606 14.0310

> W <— diag(1l/w)

> varl <- as.numeric(l/(1 - t(w) %*% w) * t(x1
+ (x1 - xW1))
> var2 <— as.numeric (1l/(1 — t(w) %$*% w) * t(x2
+ (x2 — xW2))
> var3 <- as.numeric(l/ (1 - t(w) %*% w) * t(x3
+ (x3 - xW3))
> c(varl, var2, var3)
[11 8.159415 3.336630 781.977429
> wt.moments (x, w)S$var
x1 X2 X3
8.159415 3.336630 781.977429
cov.wt()
* Package:
¢ Input:

x matrice di dimensione n x k le cui colonne corrispondono ai vettori numerici =1, xs, ...

12)

wt vettore numerico w di pesi a somma unitaria di dimensione n

center = TRUE / FALSE parametro di posizione
cor = TRUE / FALSE correlazione pesata

¢ Description: matrice di covarianza e correlazione pesata
¢ Output:

cov matrice di covarianza pesata
center media pesata

n.obs dimensione campionaria
wt vettore numerico w

cor matrice di correlazione pesata
¢ Formula:

cov

center = TRUE

y Tk
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Spiw; = (L—whw) ™ (@i —ziw) Wz —2;w) Vij=1,2 ...k
| center = FALSE |
Sgiz; = (1—wlw)y el wle, Vij=1,2 ...,k
center
| center = TRUE
Tow Yi=1,2,...,k
| center = FALSE |
0
n.obs
n
wt
w
cor
| center = TRUE
— T — —
R (i = Tiw) " W (2 = T w) Vij=1,2 ...,k
TiTj _ T 1 — 1/2 _ T 1 _ 1/2 7]_ ) Sy ey
(2 —2iw)T Wl (2 —2w)) "~ (2 —25w)T Wt (25 — T w))
| center = FALSE |
T y17—1
o, = 11/2 TJ 73 Vi,g =1,2, ...,k
(mi w-1 xi) (:rj W—lxj)
Examples 1:
> k <= 2
> x1 <— c(1.2, 3.4, 5.6, 7.5, 7.7, 7.8)
> x2 <— c(1.1, 2.3, 4.4, 5.1, 2.9, 8.7)
> n <—- 6
> w <— rep(l/n, times = n)
> sum (w)
[1] 1
> x1IW <— sum(xl * w)
> x2W <— sum(x2 * w)
> W <- diag(1l/w)
> as.numeric(l/(1 - t(w) %$*% w) *» t(xl - xIW) %$*% solve (W) %$*%
+ (x1 - x1wW))
[1] 7.406667
> as.numeric(l/ (1 - t(w) %*% w) * t(x2 — x2W) %$x% solve (W) %*%
+ (x2 — X2W))
[1] 7.185667
> as.numeric(l/ (1 - t(w) %*% w) * t(xl — xIW) %$x% solve (W) %*%

+

(x2 = xX2W))
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[1] 5.330667

> z <— cbind(x1l, x2)

> cov.wt(z, wt = w, center = TRUE, cor = TRUE) Scov

x1 X2
x1 7.406667 5.330667
x2 5.330667 7.185667

> as.numeric(l/(1 - t(w) %*% w) * t(xl) %*% solve (W) %$*% x1)
[1] 44.148
> as.numeric(l/ (1 — t(w) %*% w) * t(x2) %*% solve (W) %*% x2)

[1] 27.194
> as.numeric(l/(1 — t(w) %$*% w) * t(x1l) %*% solve (W) %$*% x2)
[1] 32.444

> cov.wt(z, wt = w, center = FALSE, cor = TRUE) Scov

x1 X2
x1 44.148 32.444
x2 32.444 27.194

¢ Examples 2:

> k <= 2

> x1 <- ¢(1.2, 3.4, 5.6, 7.5, 7.7, 7.8)
> x2 <- c(1.1, 2.3, 4.4, 5.1, 2.9, 8.7)
> n <—- 6

> w <— rep(l/n, times = n)

> sum (w)

[11 1

> x1IW <— sum(xl * w)

> X2W <— sum(x2 * w)

> W <- diag(1l/w)

> c(x1W, x2W)

[1] 5.533333 4.083333

> cov.wt(z, wt = w, center = TRUE, cor = TRUE) Scenter

x1 X2
5.533333 4.083333

> cov.wt(z, wt = w, center = FALSE, cor = TRUE)Scenter

¢ Examples 3:
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> k <- 2

> x1 <- c¢(1.2, 3.4, 5.6, 7.5, 7.7, 7.8)
> x2 <= c¢(1.1, 2.3, 4.4, 5.1, 2.9, 8.7)
> n <— 6

> w <- rep(l/n, times = n)

> sum (w)

[17 1

> n

[1] 6

> cov.wt(z, wt = w, center = TRUE, cor = TRUE) S$n.obs
[1] 6

> cov.wt(z, wt = w, center = FALSE, cor = TRUE)Sn.obs

e Example 4:

> k <= 2

> x1 <= ¢(1.2, 3.4, 5.6, 7.5, 7.7, 7.8)
> x2 <-— ¢(1.1, 2.3, 4.4, 5.1, 2.9, 8.7)
> n <—- 6

> w <- rep(l/n, times = n)

> sum (w)

[17 1

> w

[1] 0.1666667 0.1666667 0.1666667 0.1666667 0.1666667 0.1666667
> cov.wt(z, wt = w, center = TRUE, cor = TRUE) Swt
[1] 0.1666667 0.1666667 0.1666667 0.1666667 0.1666667 0.1666667
> cov.wt(z, wt = w, center = FALSE, cor = TRUE) Swt

[1] 0.1666667 0.1666667 0.1666667 0.1666667 0.1666667 0.1666667

e Example 5:

> k <= 2

> x1 <- c¢(1.2, 3.4, 5.6, 7.5, 7.7, 7.8)
> x2 <- c¢(1.1, 2.3, 4.4, 5.1, 2.9, 8.7)
> n <—- 6

> w <— rep(l/n, times = n)

> sum (w)

[11 1

> xX1IW <— sum(xl * w)

> x2W <— sum(xX2 * W)

> W <- diag(1l/w)

> covxlx2 <— 1/(1 - t(w) %*% w) * t(xl — x1IW) %$*% solve (W) %x%
+ (x2 — x2W)

> covxlx2 <— as.numeric (covxlx?2)

> covx1lx2
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[1] 5.330667

sx1l <= sqgrt(1/(1 - t(w)
(x1 - x1w))

sx1l <- as.numeric (sxl)

sx1

vV V + V

[1] 2.721519

> sx2 <— sqgrt(1/(1 - t(w)
+ (x2 — xX2W))

> sx2 <— as.numeric (sx2)
>

SxX2

[1] 2.680609

> rxlx2 <— covxlx2/ (sxl «x
> rx1x2

[1] 0.7306958

> cov.wt (z, wt = w, center

x1 X2
x1 1.0000000 0.7306958
x2 0.7306958 1.0000000

* t(x2 — x2W) %*% solve (W) %*%

o\
*
o
=

sx2)

= TRUE, cor = TRUE) $cor

> covxlx2 <— as.numeric(l/(1 — t(w) %x% w) * t(x1l) %*% solve (W) %$x%

+ X2)
> covx1x2

[1] 32.444

> sx1 <—- sgrt(as.numeric(l/ (1 — t(w) %*% w) % t(xl) %*% solve (W) %$*%
+ x1))

> sx1

[1] ©6.644396

> sx2 <— sqgrt(as.numeric (l/(1 — t(w) %*% w) * t(x2) %$*x% solve (W) %x*%

+ x2))
> sx2

[1] 5.214787

> rxlx2 <- covxlx2/ (sxl =*
> rxl1x2

[1] 0.9363589

> cov.wt(z, wt = w, center

x1 X2
x1 1.0000000 0.9363589
x2 0.9363589 1.0000000

¢ Example 6:

sx2)

= FALSE, cor = TRUE) $cor
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> k <= 3
> x1 <- c¢(1.1, 3.6, 7.4, 6.8, 9.8, 7.6, 3.8)
> x2 <- c(5.6, 7.54, 7.3, 3.5, 6.45, 5.4, 3.4)
> x3 <- c(2.8, 8.5, 6.4, 7.8, 98.6, 7.5, 5.7)
> n <— 7
> w <- rep(l/n, times = n)
> sum (w)
[11 1
> xX1IW <— sum(xl * w)
> x2W <= sum(xX2 * w)
> xX3W <— sum(x3 * w)
> W <- diag(l/w)
> as.numeric(l/ (1 — t(w) %$*% w) * t(xl — xIW) %x% solve (W) %$*%
+ (x1 - x1W))
[1] 8.949048
> as.numeric(l/ (1 - t(w) %*% w) * t(x2 — x2W) %$x% solve (W) %*%
+ (x2 — X2W))
[1] 2.777681
> as.numeric(l/(1 — t(w) %$*% w) * t(x3 — x3W) %*% solve (W) %*x%
+ (x3 — x3W))
[1] 1216.591
> as.numeric(l/ (1 — t(w) %$*% w) * t(xl — xIW) %x% solve (W) %$*%
+ (x2 — xX2W))
[1] 0.631881
> as.numeric(l/ (1 — t(w) %*% w) * t(xl — xIW) %$x% solve (W) %*%
+ (x3 - xX3W))
[1] 65.41452
> as.numeric(1l/(1 — t(w) %$*% w) * t(x2 — x2W) %$*% solve (W) %x%
+ (x3 — x3W))
[1] 13.49269
> z <- cbind(x1l, x2, x3)
> cov.wt(z, wt = w, center = TRUE, cor = TRUE) Scov
x1 X2 x3
x1 8.949048 0.631881 65.41452
x2 0.631881 2.777681 13.49269
x3 65.414524 13.492690 1216.59143
> as.numeric(1l/(1 - t(w) %*x% w) * t(xl) %*% solve (W) %$*% x1)
[1] 47.235
> as.numeric (l/ (1 - t(w) %*% w) * t(x2) %*% solve (W) %$x% x2)

[1] 39.34568
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> as.numeric (l/ (1 — t(w) %*% w) * t(x3) %*% solve (W) %x% x3)
[1] 1665.432

> as.numeric(1/(1 — t(w) %$x% w) x t(xl) %$x% solve (W) %$x% x2)
[1] 38.049

> as.numeric(l/(1 — t(w) %$*x% w) x t(xl) %*x% solve (W) $%$x% x3)
[1] 196.5033

> as.numeric(l/(1 — t(w) %*% w) * t(x2) %*% solve (W) %*% x3)

[1] 141.60067
> cov.wt(z, wt = w, center = FALSE, cor = TRUE)Scov

x1 X2 x3
x1 47.2350 38.04900 196.5033
x2 38.0490 39.34568 141.6067
x3 196.5033 141.60667 1665.4317

e Example 7:

k <= 3

>

> x1 <= ¢(1.1, 3.6, 7.4, 6.8, 9.8, 7.6, 3.8)

> x2 <- c(5.6, 7.54, 7.3, 3.5, 6.45, 5.4, 3.4)
> x3 <- c(2.8, 8.5, 6.4, 7.8, 98.6, 7.5, 5.7)
> n <—- 7

> w <- rep(l/n, times = n)

> sum (w)

(1] 1

> c(x1W, x2W, x3W)
[1] 5.728571 5.598571 19.614286
> cov.wt(z, wt = w, center = TRUE, cor = TRUE) Scenter

x1 X2 x3
5.728571 5.598571 19.614286

> cov.wt(z, wt = w, center = FALSE, cor = TRUE)Scenter

[1] O

e Example 8:

> k <- 3

> x1 <= c¢c(1.1, 3.6, 7.4, 6.8, 9.8, 7.6, 3.8)

> x2 <- c(5.6, 7.54, 7.3, 3.5, 6.45, 5.4, 3.4)
> x3 <- c¢(2.8, 8.5, 6.4, 7.8, 98.6, 7.5, 5.7)
> n <=7

> w <— rep(l/n, times = n)

> sum (w)

(1] 1
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> cov.wt (z, wt = w, center = TRUE, cor = TRUE) S$n.obs

> cov.wt(z, wt = w, center FALSE, cor = TRUE) $n.obs

¢ Example 9:

k <= 3

x1l <- ¢(1.1, 3.6, 7.4, 6.8, 9.8, 7.6, 3.8)
X2 <- c(5.6, 7. . 3.5, 6.45, 5.4, 3.4)
x3 <- c(2.8, 8.5, 6.4, 7.8, 98.6, 7.5, 5.7)
n <- 7

w <- rep(l/n, times = n)

sum (w)

vV V. V V V V V
~J
a1
IS
~J
w

(11 1

[1] 0.1428571 0.1428571 0.1428571 0.1428571 0.1428571 0.1428571 0.1428571

> cov.wt (z, wt = w, center = TRUE, cor = TRUE) Swt

[1] 0.1428571 0.1428571 0.1428571 0.1428571 0.1428571 0.1428571 0.1428571

> cov.wt (z, wt = w, center = FALSE, cor = TRUE) Swt

[1] 0.1428571 0.1428571 0.1428571 0.1428571 0.1428571 0.1428571 0.1428571

¢ Example 10:

> k <— 3

> x1 <- c¢(1.1, 3.6, 7.4, 6.8, 9.8, 7.6, 3.8)

> x2 <- c¢(5.6, 7.54, 7.3, 3.5, 6.45, 5.4, 3.4)
> x3 <- c(2.8, 8.5, 6.4, 7.8, 98.6, 7.5, 5.7)
> n <—- 7

> w <- rep(l/n, times = n)

> sum (w)

[11 1

> x1IW <— sum(xl * w)

> X2W <— sum(x2 * w)

> xX3W <— sum(x3 * w)

> W <- diag(1l/w)

> covxlx2 <— 1/(1 — t(w) %$*% w) * t(xl — xIW) %$x% solve (W) %$x%
+ (x2 — X2W)

> covx1lx2 <- as.numeric (covxlx?2)

> covx1x2

[1] 0.631881
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> covxlx3 <— 1/(1 - t(w) %*% w) =
+ (x3 — xX3W)

> covx1lx3 <—- as.numeric (covxlx3)
> covx1x3

[1] 65.41452

covx2x3 <— 1/(1 - t(w)
(x3 — xX3W)

vV V + V

COVX2X3

[1] 13.49269

$*x% W) *

t(x2 — x2W) %+%

covx2x3 <— as.numeric (covx2x3)

> sx1 <= sqgrt(1/(1 - t(w) %$*% w) *» t(xl - xIW) %$x%

+ (x1 - x1wW))

> sx1 <— as.numeric(sxl)

> sx1

[1] 2.991496

> sx2 <— sqgrt(l/(1 - t(w) %*% w) *» t(x2 — x2W) %$x%

+ (x2 — X2W))

> sx2 <—- as.numeric (sx2)

> sx2

[1] 1.666638

> sx3 <= sqgrt(l/(1 - t(w) %*% w) *» t(x3 — x3W) %$x%

+ (x3 — x3W))

> sx3 <—- as.numeric (sx3)

> sx3

[1] 34.87967

> rxlx2 <—- covxlx2/(sx1l % sx2)

> rx1x2

[1] 0.1267377

> rxlx3 <- covxlx3/(sxl * sx3)

> rx1x3

[1] 0.6269218

> rx2x3 <— covx2x3/(sx2 * sx3)

> rx2x3

[1] 0.2321053

> cov.wt(z, wt = w, center = TRUE, cor = TRUE) $cor
x1 X2 x3

x1 1.0000000 0.1267377 0.6269218

x2 0.1267377 1.0000000 0.2321053

x3 0.6269218 0.2321053 1.0000000

> covxlx2 <— as.numeric (1l/(1 — t(w) %$*% w) * t(x1)

+ x2)
> covx1lx2
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[1] 38.049

> covxlx3 <— as.numeric (1l/(1 — t(w) %$*% w) * t(xl) %*% solve (W) %$x*%
+ x3)
> covx1lx3

[1] 196.5033
> covx2x3 <— as.numeric (1l/(1 — t(w) %$*% w) * t(x2) %*% solve (W) %$*%
+ x3)

> covx2x3

[1] 141.6067

o
*
o\°
=
*
o
o\°
*
o\°

> sxl1 <— sqgrt(as.numeric(l/(1 - t(w) t(x1 - x1W) *% solve (W)
+ (x1 = x1W)))

> sx1

[1] 2.991496

o
*
o
=
*
o
w
=
o\°
*
o\
n
O
=
<
O
=
o
*
o

> sxl1 <—- sqgrt(as.numeric(l/(1 - t(w)
+ x1))

[1] 6.872772

o\
*
o
=
>*
o
b
N
o\°
*
o\
0
O
=
<
®
=
o\
*
o\

> sx2 <—- sqgrt(as.numeric(l/(1 - t(w)
+ x2))

[1] 6.272614

o\
*
o
B
*
e
b
w
o\°
*
o\
0
O
=
<
()
=
o\
*
o\

> sx3 <- sqgrt(as.numeric(1l/(1 — t(w)
+ x3))
> sx3

[1] 40.8097

> rxlx2 <— covxlx2/ (sxl * sx2)
> rx1x2

[1] 0.8825976

> rxl1x3 <— covxlx3/(sxl x sx3)
> rxl1x3

[1] 0.7006071

> rx2x3 <— covx2x3/(sx2 * sx3)
> rx2x3

[1] 0.5531867

> cov.wt(z, wt = w, center = FALSE, cor = TRUE) Scor
x1 X2 x3

x1 1.0000000 0.8825976 0.7006071

x2 0.8825976 1.0000000 0.5531867

x3 0.7006071 0.5531867 1.0000000

* Note 1: W & la matrice diagonale definita positiva di dimensione nxn tale che W = diag(w; !, wy’, ..., w

* Note 2: Naturalmente vale che s,,,, = s2. Vi =1,2,..., k.
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* Package:
¢ Input:

d matrice di dimensione n x 2 le cui colonne corrispondono ai vettori numerici = ed y

w vettore numerico w di pesi a somma unitaria di dimensione n
¢ Description: correlazione pesata

e Formula:

((z = 2w)T W= (@ —2w) " (g —gw) T W= (y — gw)"
e Examples:

<- c(l.2, 2.3, 3.4,
<- c(1, 2, 3, 5, ¢,
as.matrix (cbind(x,
<- 6
<- abs (rnorm(n))
<— w/sum(w)
sum (w)

vV VV VYV VYV
225 X
A
I

(1] 1

mxw <- weighted.mean (x, w)

myw <- weighted.mean(y, w)

W <- diag(1l/w)

num <- as.numeric(t(x — mxw) %$*% solve (W) %

den <- as.numeric(sgrt (t(x — mxw) %*x%$ solve (W) %$*x% (x — mxw) *
t(y — myw) %*% solve (W) %$x% (y — myw)))

rho <- num/den

rho

vV V. + V V V V V

[1] 0.9988987

> corr(d, w)

[1] 0.9988987

<- c(, 2, 3, 5.6, 7.6, 2.3, 1)
<- c(l.2, 2.2, 3, 15.6, 71.6, 2.2, 1.2)
as.matrix (cbind(x, vy))
<=7
<— abs (rnorm(n))
<— w/sum(w)
sum (w)

vV V.V V V V V
e BNORL I
AN
|

—

1] 1

mxw <- weighted.mean (x, w)

myw <- weighted.mean(y, w)

W <- diag(1l/w)

num <- as.numeric(t(x — mxw) $%$*% solve (W) %

den <- as.numeric(sgrt (t(x — mxw) %$*%$ solve
t(y — myw) %*x% solve (W) %x% (y — myw)))

rho <- num/den

rho

vV V. + V V V V V

[1] 0.9095326
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> corr(d, w)
[1] 0.9095326

<- c¢c(1l.1, 2.3, 4.5, 6.7, 8.9)
<- c(2.3, 4.5, 6.7, 8.9, 10.2)
as.matrix (cbind(x, vy))

<- 5

<- rep(l/n, times = n)
sum (w)

V V.V V VYV
=5 85 oK X
A
|

[11 1

> mxw <- weighted.mean (x, w)

> myw <- weighted.mean(y, w)

> W <— diag(1l/w)

> num <- as.numeric(t(x - mxw) %*% solve (W) %$*%
> den <- as.numeric (sgrt (t(x — mxw) %$*% solve (W)
+ t(y — myw) %*% solve (W) %$x% (y — myw)))

> rho <- num/den

> rho

[1] 0.9866942

> corr(d, w)

[1] 0.9866942

* Note: IV & la matrice diagonale definita positiva di dimensione nxn tale che W = diag(w; !, wy ', ...

3.15 Momenti centrati e non centrati

moment()
» Package:
¢ Input:

x vettore numerico di dimensione n

order il valore k dell’ordine

central = TRUE / FALSE parametro di posizione
absolute = TRUE / FALSE modulo

¢ Description: momento centrato e non centrato di ordine &

e Formula:

absolute = TRUE

absolute = FALSE

central = TRUE S e =z /n

Z?:l (zi — j)k /n

central = FALSE

E:Zﬂ|x”k/”

lelzf/n

e Examples:

> x <- c¢(-1.2, 1.2, 3.4, 4.2, 12.4, 13.4, 17.3,
> n <- 8

> k <= 5

> mean (abs (x — mean (x)) "k)

18.1)
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[1] 31074.24

> moment (x, central = TRUE,

[1] 31074.24

> mean ((x - mean (x)) k)

[1] 1565.904

> moment (x, central = TRUE,

[1] 1565.904

> mean (abs (x) “k)

[1] 527406.3

> moment (x, central FALSE,
[1] 527406.3

> mean (x"k)

[1] 527405.6

> moment (x, central = FALSE,

[1] 527405.6

> x <- c¢c(1.2, 4.5, 6.7, 7.8,
> n <-= 5

> k <= 3

> mean (abs (x — mean (x)) k)
[1] 35.0028

> moment (x, central = TRUE,
[1] 35.0028

> mean((x — mean(x)) k)

[1] -10.584

> moment (x, central = TRUE,
[1] -10.584

> mean (abs (x) "k)

[1] 361.872

> moment (x, central FALSE,
[1] 361.872
> mean (x"k)
[1] 361.872

> moment (x, central = FALSE,

[1] 361.872

absolute

absolute

absolute

absolute

9.8)

absolute

absolute

absolute

absolute

TRUE, order = 5)

FALSE, order = 5)

Il
)]

TRUE, order

FALSE, order = 5)

TRUE, order = 3)

FALSE, order = 3)

TRUE, order

Il
w

FALSE, order = 3)
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* Package:
¢ Input:

x vettore numerico di dimensione n
center = TRUE / FALSE parametro di posizione
scale = TRUE / FALSE parametro di scala

¢ Description: centratura o normalizzazione

¢ Formula:
scale = TRUE scale = FALSE
center = TRUE (x—T)/ sz x—T
/2
center = FALSE | z/ (E%T E:Zﬂ>x?) x

e Examples:

> x <- c¢c(1.2, 3.4, 4.2, 12.4, 13.4, 17.3, 18.1)
> n <— 7
> (x — mean (x))/sd(x)

[1] -1.2639104 -0.9479328 -0.8330319 0.3447028 0.4883290 1.0484712 1.1633721
> as.numeric (scale(x, center = TRUE, scale = TRUE))

[1] -1.2639104 -0.9479328 -0.8330319 0.3447028 0.4883290 1.0484712 1.1633721
> X — mean (x)

[1] -8.8 -6.6 -5.8 2.4 3.4 7.3 8.1

> as.numeric (scale(x, center = TRUE, scale = FALSE))

(1] -8.8 -6.6 -5.8 2.4 3.4 7.3 8.1

> x/sqgrt (sum(x"2)/(n — 1))

[1] 0.09337932 0.26457475 0.32682763 0.96491968 1.04273578 1.34621858 1.40847146
> as.numeric (scale(x, center = FALSE, scale = TRUE))

[1] 0.09337932 0.26457475 0.32682763 0.96491968 1.04273578 1.34621858 1.40847146

> x <- c¢(1.2, 3.4, 4.2, 12.4, 13.4, 17.3, 18.1)
> as.numeric(scale(x, center = FALSE, scale = FALSE))

(1] 1.2 3.4 4.2 12.4 13.4 17.3 18.1

> x <- ¢(1.2, 4.5, 6.7, 7.8, 9.8)
> n <- 5
> (x — mean (x))/sd(x)

[1] -1.4562179 -0.4550681 0.2123651 0.5460817 1.1528392

> as.numeric(scale(x, center = TRUE, scale = TRUE))
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[1] -1.4562179 -0.4550681 0.2123651 0.5460817

> x — mean (x)

(1] -4.8 -1.5 0.7 1.8 3.8

> as.numeric(scale(x, center = TRUE, scale =

(1] -4.8 -1.5 0.7 1.8 3.8

> x/sqrt (sum(x"2)/(n - 1))

[1] 0.1605504 0.6020639 0.8964063 1.0435775 1

> as.numeric (scale(x, center = FALSE, scale
[1] 0.1605504 0.6020639 0.8964063 1.0435775 1

> x <- c(l.2, 4.5, 6.7, 7.8, 9.8)
> as.numeric (scale(x, center = FALSE, scale =

(1] 1.2 4.5 6.7 7.8 9.8

Package:

¢ Input:

a vettore numerico z di dimensione n
b vettore numerico y di dimensione n
c vettore numerico 2z di dimensione n

unbiased = TRUE / FALSE distorsione

¢ Description: momento terzo centrato

Formula:

1.1528392

FALSE) )

.3111615

TRUE) )

.3111615

FALSE) )

’unbiased =

TRUE |

n

m Z(x —%)(yi —9) (2 — 2)
| unbiased = FALSE |
% (x; — ) (yi — 9) (2 — 2)

i=1

¢ Examples:

> x <- ¢(=-3, -2, -1, 0, 1, 2)

>y <= c(l.2, 2.3, 2, 3.1, 3.55, 6.7)

> z <- c¢c(2, 3.45, 2.6, 3.11, 3.5, 6.2)

> n <— 6

> (n/((n - 1) = (n - 2))) * sum((x — mean(x))
+ (z — mean(z)))

*

(y — mean(y))
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[1] 4.96385

> cum3 (a = x, unbiased = TRUE)

[1] 4.96385

x <- ¢(-3, -2, -1, 0, 1, 2)

y <- c¢c(l1.2, 2.3, 2, 3.1, 3.55, 6.7)

z <- c(2, 3.45, 2.6, 3.11, 3.5, 6.2)
n <- 6
(1/n)

vV V. V V V

* sum((x — mean(x)) * (y — mean(y)) * (z — mean(z)))

[1] 2.757694

> cum3(a = x, b =y, ¢ = z, unbiased = FALSE)

[1] 2.757694

Package:
Input:

x vettore numerico di dimensione n

order il valore k dell’'ordine
Description: momento non centrato di ordine &

Formula:

n
k
> ol
i=1

3=

Examples:

x <- c(l1.5, 6.
n <- 8

k <= 3

mean (x"3)

4, 9.6, 8.8, 8.86, 7.8, 8.6, 8.6)

vV V. V V

[1] 534.2372

> emm (x, order = 3)

[1] 534.2372

x <- c (1, 2
n <- 5

k <-4

mean (x"4)

.3, 4.5, 6.7, 8.9)

vV V. V V

[1] 1745.677

> emm (x, order = 4)

[1] 1745.677
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3.16 Connessione e dipendenza in media

Package:
Input:

y vettore numerico di dimensione n

f fattore a k livelli di dimensione n

Description: rapporto di correlazione 775‘ f

Formula: N
S 2

2, = §2j=1(yj-y) nj

D VN R
Examples:
>y <- c¢(1, 1.2, 2.1, 3.4, 5.4, 5.6, 7.2, 3.2, 3, 1, 2.3)
> f <— factor<c("a", "b", "C", "b", "a", "C", "a", "b", "b"’
+ lla") )
> f

[1] a bcbacabboca
Levels: a b c

> k <= 3
> n <— 11
> table (f)
f

abc

4 4 3

> enne <- tapply(y, £, FUN = length)
> enne

©
> O
w O

> ymedio <- tapply(y, f, FUN = mean)
> sum( (ymedio — mean(y)) "2 % enne)/sum((y — mean(y))”"2)

[1] 0.08657807
> eta(f, v)
[1] 0.08657807

>y <- c(l.2, 3.4, 55.6, 5.1, 7.8, 8.4, 8.7, 9.8)
> f <_ factor<c(lla", "b", "b", "b", "b", "a", "a", "b"))
> f

[1] a bbbbaahb
Levels: a b

> k <= 2
> n <— 8
> table (f)

n n
coy
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f

ab

35

> enne <- tapply(y, £, FUN = length)
> enne

ab

35

> ymedio <- tapply(y, £, FUN = mean)
> sum( (ymedio - mean(y))”"2 * enne)/sum((y — mean(y))"2)
[1] 0.0900426

> eta(f, vy)

[1] 0.0900426

* Package:
¢ Input:

x vettore numerico di dimensione n

¢ Description: rapporto di concentrazione di Gini

¢ Formula: )
"“a
n
n—1 1
d G_ =1- = -
ove -1 ; n—lz:qZ n(n—1)
¢ Examples:
> x <-— c(1, 1, 1, 4, 4, 5, 7, 10)
> x <- sort (x)
>
[1] 1 1 1 4 4 5 710
> n <— 8
> q <— cumsum(x[1l:(n — 1)])/sum(x)
> G <- 2/(n - 1) » sum((l:(n — 1))/n - q)
> G
[1] 0.4545455
>R <- (n - 1)/n * G
> R
[1] 0.3977273

> Gini (x)

[1] 0.3977273

jZZ% (@)
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<- c¢(1.2, 3.4, 55.6, 5.1, 7.8, 8.4, 8.7, 9.8)
<—- sort (x)

vV V V
XXX

[1] 1.2 3.4 5.1 7.8 8.4 8.7 9.8 55.6
> n <- 8

> g <- cumsum(x[l:(n — 1)])/sum(x)

> G <- 2/(n - 1) » sum((l:(n — 1))/n - q)

> G

[1] 0.606

>R <- (n - 1)/n * G

[1] 0.53025

> Gini (x)

[1] 0.53025

gini()

* Package:
¢ Input:

y vettore numerico di dimensione n
plot = FALSE

¢ Description: indici di concentrazione

Output:
G indice di Gini
R rapporto di concentrazione di Gini
P proporzioni

0 somme cumulate

¢ Formula:

G
9 n—1 n—1 n—1
G:n—l (pi — i) n—lzq’ n—lyz (yi) — vw)
=1 i=1 j=1
dove pi=i/n Yi=1,2...,n
qi = Z;’:l y(])/ Z?:l Yj Vi = 17 27 o, n
A 1
a
n
P
0,pi Vi=1,2,...7n
Q
0,¢; Vi=1,2,...,n

¢ Examples:
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10
1) /sum(y)
(n - 1))/n

>y <-c(l, 1, 1, 4, 4, 5
>y <- sort(y)

>y

(1] 1 1 1 4 5 7
> n <- 8

> g <- cumsum(y[l:(n - 1)
> G <= 2/(n - 1) % sum((1l:
> G

[1] 0.4545455

> gini(y, plot = FALSE)S$G
[1] 0.4545455

>R <- (n - 1)/n = G

> R

[1] 0.3977273

> gini(y, plot = FALSE)S$R
[1] 0.3977273

> P <- ¢(0, (l:n)/n)

> P

(1]

> gini (y,

[1]

> Q
> Q

(1]
(8]

> gini (y,

[1]
[8]

vV V V
MR

vV V. V V
Qa3

(1]

- Q)

0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875 1.000

plot

FALSE) $P

0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875 1.000

<— ¢ (0, cumsum(y)/sum(y))

0.00000000
0.69696970

0.00000000
0.69696970

<- c(l.2,
<- sort (y)

1.2 3.4 5.1 7.8
<- 8
<— cumsum(y[l:(n - 1)
<= 2/(n — 1) x= sum((1l:

0.606

plot

0
1

0
1

.03030303
.00000000

FALSE) $Q

.03030303
.00000000

.4, 55.6,

0.06060606

0.06060606

5.1, 7.8, 8.

8.4 8.7 9.

1) /sum(y)
(n - 1))/n

0.09090909 0.21212121 0.33333333 0.48484848

0.09090909 0.21212121 0.33333333 0.48484848

8 55.6
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> gini(y, plot = FALSE) SG
[1] 0.606

>R <= (n - 1)/n % G
> R

[1] 0.53025
> gini(y, plot = FALSE)S$R
[1] 0.53025

> P <= c¢(0, (l:n)/n)
> P

[1] 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
> gini(y, plot = FALSE)$P
[1] 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

> Q <- ¢ (0, cumsum(y)/sum(y))

> Q
[1] 0.000 0.012 0.046 0.097 0.175 0.259 0.346 0.444
> gini(y, plot = FALSE) $Q

[1] 0.000 0.012 0.046 0.097 0.175 0.259 0.346 0.444

* Package:
¢ Input:
x vettore numerico di dimensione n
¢ Description: coefficiente di disuguaglianza di Ricci - Schutz

¢ Formula:
1 _
2nzT ; @i =7
e Examples:

> x <- c¢c(1, 1.2, 3.4, 0.8)
> mean (abs (x — mean(x)))/ (2 * mean (x))

[1] 0.28125
> RS (x)
[1] 0.28125

6.4, 4, 3, 4)

> x <— c(1.2, 3.4, 4.5,
(x))) /(2 * mean (x))

> mean (abs (x — mean (x
[1] 0.1417790
> RS (x)

[1] 0.1417790

.000

.000

.000

.000
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« Package:
¢ Input:

f fattore a k livelli

g fattore a h livelli

* Description: quadrato dell'indice di connessione x? di Cramer

¢ Formula:
k h (nij—his)? h Kk ni k h n?;
~2 _ % __Zﬁlzﬁﬂ me __Zﬁlzﬁﬂﬁﬁ_n~__Zledeﬁj_l
X2 ax n. min(k — 1, h — 1) n. min(k — 1, h — 1) min(k —1, h — 1)
dove Ny = 22 Vi=1,2,...,k Vj=1,2...,h
k h k h o .
n. =3 Zj:l nij = Y Ej:l Nij
¢ Examples:
> f <_ factor(c("a", "b", "C", "b", "a", "C", "a", "b", "b", "C",
+ "a") )
> f
[1] abcbacabbca
Levels: a b c
> k <= nlevels (f)
> g <_ factor(c(lloll, "P", "W"[ IIP", "P", IIOH, lloll, IIW", IIW", "Pll,
+ "P") )
> g
[1] OPWPPOOWWPTP
Levels: O P W
> h <- nlevels(qg)
> table(f, qg)
g
f O P W
az222ao0
b 02 2
c 1l 11
> n.. <- sum(table(f, qg))
> chi2 (£, g)
[1]1 0.1777778
> f <7 factor(c("a", "b", "b", "b", "b", "a", "a", "b"))
> f
[1] a b bbbaab
Levels: a b
> k <- nlevels (f)
> g <_ factor(c("A", "B", "B", "B", "A", "A", "B", "A") )

> g
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[I] ABRBBAABA
Levels: A B

\%

h <= nlevels(g)
table(f, g)

\

(O]
NN
W~

Vv

n.. <- sum(table(f, g))
chi2 (£, qg)

\2

[1] 0.06666667

* Package:
¢ Input:
£ fattore a k livelli di dimensione n
* Description: indice di eterogeneita di Gini

e Formula: i
k 1
E=—|1-—= 2
k—l( nzz;m>

e Examples:

> f <_ factor(c("a", "b", "C", "b", "a", "C", "a", "b", "b"’ "C",
+ "a"))
> f

[1] abcbacabbca
Levels: a b c

k <= 3

n <— 11

enne <- table (f)
enne

vV V. V V

el
w O

> E <- k/(k — 1) » (1 - 1/n"2 % sum(enne”2))

[1] 0.9917355

> E(f)

[1] 0.9917355

> f <_ factor(c(llAH, llB", llB", IIB", "All, "AH, "Bll, "A") )
> f
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[I] ABRBBAABA
Levels: A B

> k <= 2

> n <- 8

> enne <- table(f)
> enne

f

A B

4 4

> E <- k/(k — 1) » (1 - 1/n"2 % sum(enne”2))

3.17 Sintesi di dati

summary|()
* Package:
¢ Input:

x vettore numerico di dimensione n
¢ Description: statistiche descrittive
¢ Output:

Min. minimo

1st Qu. primo quartile

Median mediana

Mean media aritmetica

3rd Qu. terzo quartile

Max . mmassimo

¢ Formula:
Min.
Z(1)
1st Qu.
Qo.25(x)
Median
Qo.5(x)
Mean
T
3rd Qu.
Qo.75(x)
Max.
L (n)

¢ Examples:
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> x <- c(1, 2.3, 5, 6.7, 8)
> min (x)

(1] 1

> quantile(x, probs = 0.25)

> quantile(x, probs 0.75)

> summary (x)

Min. 1st Qu. Median Mean 3rd Qu.
1.0 2.3 5.0 4.6 6.7

> x <= c(l.2, 2.2, 3, 15.6, 71.6, 2.2, 1.2)

> quantile(x, probs = 0.25)

> median (x)
[1] 2.2

> mean (x)

[1] 13.85714

> quantile(x, probs = 0.75)

> max (x)
[1] 71.6
> summary (x)

Min. 1st Qu. Median Mean 3rd Qu.

1.20 1.70 2.20 13.86 9.30 71.60

* Note: Calcola i quartili con la funzione
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* Package:
¢ Input:

x vettore numerico di dimensione n
¢ Description: cinque numeri di Tukey

e Formula:
(1)

0.5 (2 [ (nt3)/2) /2) + 2 [ (n43) /2] /2])
Qos(x)
0.5 (T ny1- (n43) /2] /2] +TTng1-[ (n43) /2] /27)

Z(n)
¢ Examples:

> x <- c¢(1, 2.3, 5, 6.7, 8)
> n <— 5
> min (x)

(11 1

> 0.5 % (x[floor(floor((n + 3)/2)/2)] + x[ceiling(floor((n + 3)/2)/2)1)

> 0.5 * (x[n + 1 - floor(floor((n + 3)/2)/2)] + x[n + 1 - ceiling(floor ((n +

+ 3)/2)/2)1)
[1] 6.7

> max (x)

[1] 8

> fivenum (x)

[1] 1.0 2.3 5.0 6.7 8.0

> x <- c(l.2, 1.2, 2.2, 2.2, 3, 15.6, 71.6)
> n <— 7
> min (x)

[1] 1.2

> 0.5 % (x[floor(floor((n + 3)/2)/2)] + x[ceiling(floor((n + 3)/2)/2)1)
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> median (x)

[1] 2.2

> 0.5 * (x[n + 1 - floor(floor((n + 3)/2)/2)] + x[n + 1 - ceiling(floor((n +
+ 3)/2)/2)1)

> max (x)

[1] 71.6

> fivenum (x)

(1] 1.2 1.7 2.2 9.3 71.6

> x <- c(1.44, 5.76, 21.16, 60.84)
> n <— 4
> min (x)

[1] 1.44

> 0.5 x (x[floor(floor((n + 3)/2)/2)] + x[ceiling(floor((n + 3)/2)/2)1)

[1] 3.6

> median (x)

[1] 13.46

> 0.5 % (x[n + 1 - floor(floor((n + 3)/2)/2)] + x[n + 1 — ceiling(floor((n +
+ 3)/2)/2)1)

[1] 41

> max (x)

[1] 60.84

> fivenum (x)

[1] 1.44 3.60 13.46 41.00 60.84
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basicStats() \

« Package:
¢ Input:

x vettore numerico di dimensione n

ci livello di confidenza 1 — «
¢ Description: statistiche riassuntive
¢ Output:

nobs dimensione campionaria

NAs numero di valori NA oppure NaN

Minimum minimo

Maximum massimo

1. Quartile primo quartile

3. Quartile terzo quartile

Mean media aritmetica

Median mediana

Sum somma

SE Mean errore standard della media

LCL Mean estremo inferiore dell'intervallo di confidenza a livello 1 — « per la media incognita
UCL Mean estremo superiore dell'intervallo di confidenza a livello 1 — « per la media incognita
Variance varianza campionaria

Stdev deviazione standard

Skewness asimmetria campionaria

Kurtosis kurtosi campionaria

¢ Formula:
nobs
n
NAs
#NA + #NaN
Minimum
Z(1)
Maximum
T(m)
1. Quartile
62025($)
3. Quartile
Q0.75($)
Mean
T
Median
Qo.5()
Sum
m
> i
i=1
SE Mean
Sz /V/m
LCL Mean

T—t1_a/2,m-15/Vm
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UCL Mean

Variance

Stdev

Skewness

Kurtosis

e Examples:

> x <- c¢(1,
> length (x)
[1] 5

2.

> sum(is.na(x))

> quantile (x,

> quantile (x,

[1]1 5
> sum (x)
[1] 23

probs

probs

T4+ti_a/o,m15/Vm

0.25)

0.75)

> sd(x)/sqgrt (length (x))

(1]

1.311106
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> alpha <- 0.05
> mean (x) — gt (l - alpha/2

[1] 0.959785

> mean (x) + gt(l - alpha/2

[1] 8.240215

> var (x)

[1] 8.595

> sd(x)

[1] 2.931723

4

14

length (x)

length (x)

> mean ((x — mean (x))"3/sd(x)"3)

[1] -0.08091067

> mean ((x — mean(x))”*4/sd(x)"4) - 3

[1] -2.055005

> basicStats(x, ci = 0.95)

round.ans..digits...6.
nobs 5.000000
NAs 0.000000
Minimum 1.000000
Maximum 8.000000
1. Quartile 2.300000
3. Quartile 6.700000
Mean 4.600000
Median 5.000000
Sum 23.000000
SE Mean 1.311106
LCL Mean 0.959785
UCL Mean 8.240215
Variance 8.595000
Stdev 2.931723
Skewness -0.113076
Kurtosis 1.476555
> x <- c¢c(l1.3, NaN, 2, 3.4, .4, 5.7,
> n <- 11
>m <- 11 - sum(is.na(x))
> m
[1]1 ©

> min(x, na.rm = TRUE)

[1]1 O

NA,

1)

1)

3.

* sd(x)/sqgrt (length (x))

* sd(x)/sqrt (length (x))
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> max (x, na.rm

[1] 9

TRUE)

> quantile(x, probs = 0.25,

25%
1.3

> quantile (x, probs

> mean (x, na.rm

[1] 3.177778

> median(x, na.rm

[1] 3.4

> sum(x, na.rm

[1] 28.6

> sd(x, na.rm =

[1] 0.9563788

> alpha <- 0.05
> mean (x, na.rm

[1] 0.9723642

> mean (X, na.rm

[1] 5.383191

> var (x, na.rm = TRUE)

[1] 8.231944

> sd(x, na.rm = TRUE)

[1] 2.869137

> mean((x — mean(x, na.rm
[1] 0.6644322

> mean((x — mean(x, na.rm
+ 3

[1] -0.6913239

> basicStats(x, ci = 0.95)

na.rm = TRUE)

= 0.75, na.rm = TRUE)
= TRUE)
= TRUE)
TRUE)
TRUE) /sqgrt (m)
= TRUE) - gt (1 - alpha/2,

TRUE) + gt (1 - alpha/2,

TRUE) ) ~3/sd (x,

TRUE) ) 4 /sd (X%,

m - 1)

m - 1)

na.rm

na.rm

*

*

sd(x, na.rm

sd(x, na.rm =

TRUE) "3,

TRUE) "4,

na.rm

na.rm

TRUE) /sqgrt (m)

TRUE) /sgrt (m)

TRUE)

TRUE)
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* Note 1: Calcola le statistiche descrittive utilizzando x privato dei valori NA e NaN.

nobs

NAs

Minimum
Maximum

1. Quartile
3. Quartile
Mean

Median

Sum

SE Mean

LCL Mean
UCL Mean
Variance
Stdev
Skewness
Kurtosis

round.ans..digits...6.

11.
.000000
.000000
.000000
.300000
.800000
177778
.400000
.600000
.956379
.972364
.383191
.231944
.869137
.792829
.921918

N

N
N O DN O U o O 0 Wwwwkrk wo

000000

* Note 2: Vale la relazione m = n— (#NA + #NaN).

* Note 3: Calcola i quartili con la funzione

stat.desc()
Package:

Input:

x vettore numerico di dimensione n

p livello di confidenza 1 — «

Description: statistiche descrittive

Output:

nbr.val dimensione campionaria m di x privato dei valori NA e NaN

nbr.null numero di valori nulli

nbr.na numero di valori NA e NaN

min minimo

max massimo

range campo di variazione

sum Somima

median mediana

mean media aritmetica

SE.mean errore standard della media

CI.mean.p ampiezza dellintervallo di confidenza a livello 1 — «

var varianza campionaria

std.dev deviazione standard

coef.var coefficiente di variazione campionario

Formula:

nbr.val

nbr.null

nbr.na

#0

#NA  +  #NaN
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min
Z(1)
max
L(m)
range
L(m) — Z(1)
sum
m
> i
i=1
median
Qo.5()
mean
T
SE.mean

Sx/\/E

CI.mean.p

h—a/Qﬂn—lsm/Vﬁﬁ

var
57
std.dev
Sg
coef.var
Se /T

¢ Examples:

> x <= c¢(1, 2.3, 5, 6.7, 8)
> length (x)

[1] O

> min (x)

(11 1

> max (x)

[1] 8

> max (x) — min(x)
(11 7

> sum (X)

[1] 23
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> sd(x)/sqgrt (length (x))
[1] 1.311106

> alpha <- 0.05
> gt (1 - alpha/2, df = length(x) - 1) * sd(x)/sqgrt (length(x))

[1] 3.640215

> var (x)

[1] 8.595

> sd(x)

[1] 2.931723

> sd(x) /mean (x)
[1] 0.6373311

> stat.desc(x, p = 0.95)

nbr.val nbr.null nbr.na min max range
5.0000000 0.0000000 0.0000000 1.0000000 8.0000000 7.0000000
sum median mean SE.mean CI.mean.0.95 var
23.0000000 5.0000000 4.6000000 1.3111064 3.6402150 8.5950000
std.dev coef.var

2.9317230 0.6373311

<- c¢(l1.3, NaN, 2, 3.4, 3.4, 5.7, NA, 3.8, 0, 9, 0)
<- 11
<- 11 - sum(is.na(x))

vV V VvV V
3 38 5 X

> sum(x == 0, na.rm = TRUE)

> sum(is.na(x))

[11 2

> min(x, na.rm = TRUE)

[1]1 O

> max (X, na.rm TRUE)
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[1] 9

> max (x, na.rm = TRUE) - min(x, na.rm = TRUE)
[1] 9

> sum(x, na.rm = TRUE)

[1] 28.6

> median(x, na.rm = TRUE)

[1] 3.4

> mean (x, na.rm = TRUE)

[1] 3.177778

> sd(x, na.rm = TRUE) /sqrt (m)

[1] 0.9563788

> alpha <= 0.05
> gt (1l - alpha/2, df = m - 1) = sd(x, na.rm = TRUE)/sqgrt (m)

[1] 2.205414

> var (x, na.rm = TRUE)

[1] 8.231944

> sd(x, na.rm = TRUE)

[1] 2.869137

> sd(x, na.rm = TRUE)/mean (x, na.rm = TRUE)

[1] 0.9028751

> stat.desc(x, p = 0.95)

nbr.val nbr.null nbr.na min max range
9.0000000 2.0000000 2.0000000 0.0000000 9.0000000 9.0000000
sum median mean SE.mean CI.mean.0.95 var
28.6000000 3.4000000 3.1777778 0.9563788 2.2054136 8.2319444
std.dev coef.var

2.8691365 0.9028751

* Note 1: Calcola le statistiche descrittive utilizzando x privato dei valori NA e NaN.
e Note 2: Vale la relazione m = n— (#NA + #NaN).

* Note 3: Calcola i quartili con la funzione
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boxplot.stats() \

¢ Package:
¢ Input:
x vettore numerico di dimensione n
coef valore ¢ positivo
* Description: statistiche necessarie per il boxplot
¢ Output:

stats cinque numeri di Tukey

n dimensione del vettore =

conf intervallo di notch

out valori di x esterni allintervallo tra i baffi

e Formula:
stats
(1) Q0.5 (i l2:<Qo 5 () Qo.5(x) Q0.5 (Zi 2,50 5 () T(n)
n
n
conf
out

T < Q0,25(m) —cC - IQR(J?) OR x; > Q0,75($) +c - IQR(.’E)
e Examples:

> x <- c¢c(l1.2, 1.2, 2.2, 3, 15.6, 71.06)
> c <—- 1.4

> fn <- fivenum(x)

> fn

[1] 1.2 1.2 2.6 15.6 71.6
> boxplot.stats(x, coef = 1.4)S$stats
[1] 1.2 1.2 2.6 15.6 15.6

> n <- 6
> boxplot.stats(x, coef = 1.4)$n

[1] ©

> median(x) + c(-1, 1) * 1.58 = (fn[4] - fn[2])/sgrt(n)
[1] -6.688465 11.888465

> boxplot.stats(x, coef = 1.4)Sconf

[1] -6.688465 11.888465

> x[x < fn[2] - ¢ * (fn[4] - fn[2]) | x > fn[4] + c * (fn[4] -
+ fn[2])]

[1] 71.6

> boxplot.stats(x, coef = 1.4)Sout
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[1] 71.6

x <- c¢(1, 2.3, 5, 6.7, 8)
c <- 2.6

fn <- fivenum (x)

fn

vV V. V V

(1] 1.0 2.3 5.0 6.7 8.0

> boxplot.stats (x, coef 2.6)S$stats
[1] 1.0 2.3 5.0 6.7 8.0

> n <— 5
> boxplot.stats(x, coef

Il
[\

.6)Sn

[1] 5

> median(x) + c(-1, 1) * 1.58 % (fn[4] - £fn[2])/sgrt (n)
[1] 1.890971 8.109029

> boxplot.stats(x, coef = 2.6)Sconf

[1] 1.890971 8.109029

> x[x < fn[2] - ¢ * (fn[4] - fn[2]) | x > fn[4] + c * (fn[4] -
+ fn(2])]

numeric (0)
> boxplot.stats(x, coef = 2.6)Sout
numeric (0)

* Note: Calcola i quartili con la funzione [fivenum ()

3.18 Distribuzione di frequenza

tabulate()
* Package:
¢ Input:

bin vettore di valori naturali di dimensione n
* Description: distribuzione di frequenza per i valori naturali 1, 2, ..., max(bin)
¢ Examples:

> tabulate (bin

Il
Q
N

~
w

~
ul

[1] 01101

> tabulate(bin = c(2, 3, 3, 5))

(1] 01 201

> tabulate (bin

Il
Q
|
N

~
(@]
~
N
w
~
w
~
@

[1] 01 201
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table()
* Package:
¢ Input:
x vettore alfanumerico di dimensione n
¢ Description: distribuzione di frequenza
¢ Examples:

> X <_ C("a", "a", "bll, "c", "a", "c")
> table (x)

©
= O
N Q

\

table (x) /length (x)

a b c
0.5000000 0.1666667 0.3333333

> f <_ factor(c(lla"’ "b", "C", "b", "a"’ "cll, "all’ "b", "b", "C",
+ Hall))
> f

[1] abcbacabbca
Levels: a b c

> g <— factor(c("A", "S", "A", "S", "S"’ "S", "A", "S", "S", "A",
+ "A") )
> 9

[1] ASASSSASSAA
Levels: A S

\%

table(f, g)

[N eN]
N O W
[ = )

\

X <- c¢(1, 2, 3, 2, 1, 3, 1, 1, 2, 3)
table (x)

\4

= X
w w
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* Package:
¢ Input:
x vettore alfanumerico di dimensione n
¢ Description: supporto (valori distinti di x)
¢ Examples:
> x <- c("a", "a", "b", "C", "a", "C")
> unique (x)

[1] "a" "b" "C"

> x <- c¢(1, 2, 3, 2, 1, 3, 1, 1, 2, 3)
> unique (x)

(1] 1 2 3

> x <- c¢(12, -3, 7, 12, 4, -3, 12, 7, =-3)
> x[!duplicated (x)

N

[1] 12 -3 7 4

> unique (x)

(1] 12 -3 7 4

duplicated()

Package:
¢ Input:
x vettore numerico di dimensione n
¢ Description: segnalazione di valori duplicati
e Examples:

> x <= c¢c(1, 2, 1, 3, 2, 2, 4)
> duplicated (x)

[1] FALSE FALSE TRUE FALSE TRUE TRUE FALSE

> x <— c(1, 2, 1, 2, 1, 2)
> duplicated (x)

[1] FALSE FALSE TRUE TRUE TRUE TRUE

> x <- c¢(1l2, -3, 7, 12, 4, -3, 12, 7, =-3)
> unique (x[duplicated(x)])

(1] 12 -3 7
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3.19 Istogramma

hist()
* Package:
¢ Input:

x vettore numerico di dimensione n

breaks estremi delle classi di ampiezza b;

right =
include.lowest =

plot = FALSE
¢ Description: istogramma
¢ Output:

breaks estremi delle classi
counts frequenze assolute
density densita di frequenza

mids punti centrali delle classi
* Formula:

breaks

counts

density

mids

¢ Examples:

> x <- c(b51.1, 52.3, 66.7, 77.
> n <- 6

> m <— 4

> al <= 50

> a2 <- 65

> a3 <= 70

> a4 <- 85

> a <- c(al, a2, a3, a4)

> bl <= 65 - 50

> b2 <= 70 - 65

> b3 <= 85 - 70

> b <= c(bl, b2, b3)

> b

[1] 15 5 15

> hist (x, breaks = a, right =
[1] 50 65 70 85

> count <- numeric(m - 1)

> count[l] <- sum(x >= al & x
> count [2] <- sum(x >= a2 & X
> count [3] <- sum(x >= a3 & x
> count

TRUE / FALSE estremo incluso

Vi

a(i) 1, 2,

n, Vi=1,2 ....,m—1

ag) +ag+1)

5 Vi=1,2 ...

1, 77.15, 77.17)

FALSE, include.lowest = FALSE,

< a2)
< a3)
< ad)

plot

TRUE / FALSE classi chiuse a destra (a(;), a¢;+1)] oppure a sinistra [a;), a¢41))

FALSE) Sbreaks
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3.19 Istogramma

[1] 2 1 3

> hist (x, breaks = a, right = FALSE, include.lowest = FALSE, plot = FALSE) Scounts

[1] 21 3

> count/ (n * b)

[1] 0.02222222 0.03333333 0.03333333

> hist (x, breaks = a, right = FALSE, include.lowest = FALSE, plot = FALSE) $density

[1] 0.02222222 0.03333333 0.03333333

> (a[-m] + a[-11)/2

[1] 57.5 67.5 77.5

> hist (x, breaks include.lowest = FALSE, plot = FALSE) $mids

Il
]
o]
[

Q
=y
(w

Il
&
el
=
n
[Eal

(1] 57.5 67.5 77.5

> x <- c¢(1, 1.2, 2.2, 2.3, 3, 5, 6.7, 8, 15.6)
>n <- 9

>m <—- 5

> al <= 0

> a2 <- 5

> a3 <= 10

> a4 <- 15

> a5 <= 20

> a <- c(al, a2, a3, a4, ab)
> a

[1] 0 5 10 15 20

> bl <- a2 - al

> b2 <= a3 - a2

> b3 <- a4 - a3

> b4 <- a5 - a4

> b <= c(bl, b2, b3, b4)

> b

[1] 555 5

> hist (x, breaks = a, right = FALSE, include.lowest = FALSE, plot = FALSE) S$breaks

(1] O 5 10 15 20

> count <- numeric(m - 1)

> count[1l] <= sum(x >= al & x < a2)
> count[2] <= sum(x >= a2 & x < a3)
> count [3] <- sum(x >= a3 & x < a4)
> count [4] <- sum(x >= a4 & x < ab)
> count

[1] 5 3 0 1

> hist (x, breaks = a, right = FALSE, include.lowest = FALSE, plot = FALSE) $counts
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[11 53 01

> count/ (n * Db)

[1] 0.11111111 0.06666667 0.00000000 0.02222222

> hist (x, breaks = a, right = FALSE, include.lowest = FALSE, plot = FALSE)S$density
[1] 0.11111111 0.06666667 0.00000000 0.02222222

> (a[-m] + a[-1])/2

(11 2.5 7.5 12.5 17.5

> hist (x, breaks = a, right = FALSE, include.lowest = FALSE, plot = FALSE) $mids

(1] 2.5 7.5 12.5 17.5

* Package:
¢ Input:

x vettore numerico di dimensione n

rule = "freedman.diaconis" / "sturges" / "scott" / "simple" algoritmo
¢ Description: algoritmo di calcolo per il numero di classi di un istogramma

e Formula:

’rule = "freedman.diaconis"‘

S OO 60
¢ 2 IQR(z)n~1/3

’rule = "sturges"‘

ne = fogy(n) +1]

’rule = "scott"‘

n, — { T(n) ~ T W

3.5s,n"1/3

’rule = "simple"‘
[ 12vn] se n < 100
fle = |10 log,¢(n)] sen > 100

e Examples:

> x <- ¢c(2.3, 1, 5, 6.7, 8)
> x <— sort (x)
> X

[1] 1.0 2.3 5.0 6.7 8.0
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> n <- 5
> nc <- ceiling((x[n] - x[1]1)/(2 » IQR(x) * n”(=-1/3)))
> nc

(11 2

> n.bins(x, rule = "freedman.diaconis")

[1] 2

x <- c(2.3, 1, 5, 6.7, 8)
n <- 5

nc <- ceiling(log2(n) + 1)
nc

vV V. V V

[1] 4

> n.bins(x, rule = "sturges")

[1] 4

> x <- c(2.3, 1, 5, 6.7, 8)
> x <- sort (x)
> x

(1] 1.0 2.3 5.0 6.7 8.0

n <- 5

sx <- sd(x)

nc <- ceiling((x[n] - x[1]1)/(3.5 * sx * n™(-1/3)))
nc

vV V. V V

(1] 2

> n.bins(x, rule = "scott")

[1] 2

x <- c(2.3, 1, 5, 6.7, 8)
n <- 5

nc <- floor (2 * sqgrt(n))
nc

vV V. V V

[1] 4
> n.bins(x, rule = "simple")

[1] 4

* Note: Calcola i quartili con la funzione
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nclass.FD() \

Package:
Input:

x vettore numerico di dimensione n

Description: numero di classi di un istogramma secondo Freedman - Diaconis

Formula:

n, = [ T(n) ~ T()

Examples:

> x <- c¢c(2.3, 1, 5, 6.7, 8)
> x <— sort (x)
> x

[1] 1.0 2.3 5.0 6.7 8.0

> n <- 5

> nc <- ceiling((x[n] - x[1])/(2 » IQR(x) % n”(=1/3)))

> nc

[1] 2

> nclass.FD (x)

[1]1 2

> x <- c(3.4, 5.52, 6.4, 7.56, 8.7, 8.6, 5.4, 5.5)

> x <— sort (x)

> x <- c(3.4, 5.4, 5.5, 5.52, 6.4, 7.56, 8.6, 8.7)

> n <- 8

> nc <- ceiling((x[n] - x[1])/(2 » IQR(x) * n”(=-1/3)))
> nc

[1] 3

> nclass.FD (x)

[1] 3

2 IQR(x)n~1/3

* Note: Calcola i quartili con la funzione [guantile ()

nclass.Sturges()

Package:
Input:

x vettore numerico di dimensione n

Description: numero di classi di un istogramma secondo Sturges

Formula:

Examples:

ne = [logy(n) + 1]
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> x <- c¢(1, 2.3, 5, 6.7, 8)
> n <= 5

> nc <- ceiling(log2(n) + 1)
> nc

[1] 4

> nclass.Sturges (x)

[1] 4

> x <- c(3.4, 5.4, 5.5, 5.52, 6.4, 7.56, 8.6, 8.7)
> n <- 8

> nc <- ceiling(log2(n) + 1)

> nc

[1] 4

> nclass.Sturges (x)

[1] 4

nclass.scott() ‘

Package:
Input:

x vettore numerico di dimensione n
Description: numero di classi di un istogramma secondo Scott

OB
e = [&5sxn—1/3w

Formula:

Examples:

> x <-— c(2.3, 1, 5, 6.7, 8)
> x <- sort(x)
> x

[1] 1.0 2.3 5.0 6.7 8.0

> n <- 5

> sx <— sd(x)

> nc <- ceiling((x[n] - x[1])/(3.5 % sx * n"(-1/3)))
> nc

[11 2
> nclass.scott (x)
[11 2

> x <- c(3.4, 5.4, 5.5, 5.52, 6.4, 7.56, 8.6, 8.7)
> x <— sort (x)
> x

[1] 3.40 5.40 5.50 5.52 6.40 7.56 8.60 8.70
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> n <— 8

> sx <—- sd(x)

> nc <- ceiling((x[n] - x[1])/(3.5 * sx « n"~(=-1/3)))
> nc

[11 2

> nclass.scott (x)

[1] 2

3.20 Variabili casuali discrete

Bernoulli
px(x) =p*(1—-p)t* =01 0<p<l1
ux = p

0% =p(l—p)

Binomiale

px(z) = (Z’)pz(lfp)m’z x=20,1,2,....,m, meN/{0},

px = mp

ox =mp(l—p)

Binomiale Negativa

px(x) = (5N pr(1—p)® = ("T*T)p 1 -p)* zEN,

px =r(1—=p)/p

0% =r(l—p)/p*

Geometrica
px(z) =p(1l—-p)* zeN, 0<p<l
px = (1-=p)/p

ok = (1-p)/p?

Geometrica 2
px(x) = p(1—-p)*~ " zeN\{0}, 0<p<l1
px = 1/p

o% = (1-p)/p?

Ipergeometrica
px(@) = () (G2 7 (3)
=012 ...,k

N € N\{0}

k=12 ...,N
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3.20 Variabili casuali discrete

M=0,12..N-1

px = k(M /N)

0% = k(M/N)(1-M/N)(N—-k)/(N-1)

Multinomiale

PX1, Xa o X (B0, Ty s 1) = ot [T P

2 =0,1,2 ....m Yi=12 ..k

O<pi<l Vi=1,2, ...,k
k

Yol T =m
k

Zi:l pi =1

mx, = Mp; Vi = 1,2, ) k

ag(i =mp,(1—p;) Vi=12,....k

ox;x;, = —mpip; Vi#Fj=12, ...,k

Poisson

px(z) = Ne /2! €N, A>0

px = A

0% =\

Tavola argomenti comandi R

| Variabile Casuale | Suffisso Parametri | Package |
Bernoulli binom size, prob stats
Binomiale binom size, prob stats
Binomiale Negativa nbinom size, prob stats
Geometrica geom prob stats
Geometrica 2 geomet P distributions
Ipergeometrica hyper m, n, k stats
Multinomiale multinom size, prob stats
Poisson pois lambda stats

Tavola esempi comandi R

| Variabile Casuale | Oggetto Comando in R |
Bernoulli Densita dbinom (x=x, size=1, prob=p)
Ripartizione | pbinom (g=z, size=1, prob=p)
Quantile gbinom (p=a, size=1, prob=p)
Random rbinom (n, size=1, prob=p)
Binomiale Densita dbinom (x=x, size=m, prob=p)
Ripartizione | pbinom (g=z, size=m, prob=p)
Quantile gbinom (p=a, size=m, prob=p)
Random rbinom (n, size=m, prob=p)
Binomiale Negativa Densita dnbinom (x=x, size=r, prob=p)
Ripartizione | pnbinom (g=x, size=r, prob=p)
Quantile gnbinom (p=«, size=r, prob=p)
Random rnbinom(n, size=r, prob=p)
Geometrica Densita dgeom (x=x, prob=p)
Ripartizione | pgeom (g=x, prob=p)
Quantile ggeom (p=a, prob=p)
Random rgeom (n, prob=p)
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Geometrica 2 Densita geometpdf (p=p, x=x)
Ripartizione | geometcdf (p=p, x=x)
Ipergeometrica Densita dhyper (x=x,m=M ,n=N — M, k=k)
Ripartizione | phyper (g=z,m=M,n=N — M, k=k)
Quantile ghyper (p=a, m=M ,n=N — M, k=k)
Random rhyper (nn,m=M,n=N — M, k=k)
Multinomiale Densita dmultinom(x=c (x1,...,Zk), Prob=c (p1,...,Pk))
Random rmultinom(n, size=m, prob=c(p1,...,Pk))
Poisson Densita dpois (x=x, lambda=\)
Ripartizione | ppois (g=z, lambda=\)
Quantile gpois (p=a, lambda=\)
Random rpois (n, lambda=\)

3.21 Variabili casuali continue

Beta

fx@) = gy @ t1 =2t 0<e <1, 0>0, A>0
px = 0/(0+ )\

ok = 0N/ [(0+A+1)(0+N)?]

Beta NC

G0 g<cp<l, 90, A>0, 6>0

X3 ()3 ’ ’ ’

Burr

Fxle) = 2@/ o0 950, p>0, A>0

o (1+(z /0"

px = AT =1/0)T(1/0+p)/T(p)

ok = [D(wT(1-2/0)T2/0+p) —T?*1-1/0)T(1/0+p)] A/T%(u) per6 > 2

Cauchy
fx(z

~

px = A
-8

Chi - Quadrato

— (7N 14+ ((z=0) /N2 zeR, R, A>0

o=k /2 x(k_z)/2e—1/2 x>0, k>0

Ix(@) = tary
px =k
Ug( =2k

Chi - Quadrato NC

fx(z) = exp(=(x+0)/2) 3
pux = k+9

0% = 2(k+296)

00 (5/2)7‘, Lk /2+i-1
i=0 2K/ 2T (k ] 241) 4!

x>0, k>0, §d>0
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3.21 Variabili casuali continue

Dirichlet

_ Tlaitast-+ak) a;—1
fxi XX (@1, 2, T0) = R T (e Tay) |

;>0 Vi=1,2,...,k

>0 Yi=1,2 ...,k

Z?:l i =1

Z?:l Q; =«

px, = % Vi=1,2 ...,k

0%, = % Vi=1,2 ...k

OXX; = ~witain ViFI=12,...k
Esponenziale

fx(@) =Xe?* >0, A>0

ux = 1/)\
J§( = 1//\2
Fisher

na

ny /2 —(ni14n2) /2

n2

MX:m pern2>2

2 2 ng (n1+ns—2)
OX = mia—2)7(ns—4) Perng>4

Fisher NC
o™ /2 n? /2 Zn1/2-1 (6/2)" T'(ny/24na/2+i) ny T ‘ 0>0
fx(x) = =05 G/2)  (m y+n2)(n1+nz>/2 Yico T(n1/2+0) D(nz /2) \n1ztna T, N1, N2,

px = % per ng > 2

2 2
n ni+49 n §) (ng—
O'E{ =2 <n7f) ( 1+(2th(2)é—~(_3214(1)2 2) per ng > 4

Friedman

x>0 reN/{0,1}, NeN/{0,1}

Gamma

fX(x):F)iZ)xG_le_/\x >0, 6>0, A>0

px =0/ X
0% =0/\
Gamma 2

fx(x)zmx‘g—le_m/)‘ x>0, >0, A>0
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Gamma inversa

fx(w)zr?z)x_w“)e_)‘/x x>0, >0, A>0
pux = A/(0—1) per6>1

0% = N/[(6-1)*(0—2)] perf>2

Gamma inversa 2
fx(:z:):AQ%(Q)Q:*(‘)“)e*l/(“) >0, 0>0, A>0
pux =1/A(@0—-1)] peréd>1

0% =1/[N(0-1)*0—-2)] perd>2

Logistica

fx@) = A Yexp((x—0)/N) l+exp((z—0)/N)> zeR, 0HeR,

px =0

0% = (TA)?/3

LogLogistica

0 (z/N°
e (1+(z / N)?)*

px = AT(1—1/6)T(1/0+1)

fx(x) =

x>0,

ok = [P(1-2/0)T(2/0+1)—-T?(1—-1/6)T'(1/60+1)] \* per§>2

LogNormale
fx(@) = (oav2m) " exp (—(log(z) — p)?/ (207))

px = exp(p+0°/2)

x>0,

ok = exp(2p+0?) (exp (o) — 1)

Mann - Whitney

0<z<ngn, n,eN/{0}, n,eN/{0}
mx = na:ny/2

0% = ngny (ny +ny +1)/12

Normale

fX(:E):(27702)_1/2exp(—(m—u)Q/(QUQ)) re€R, peR, >0

px = p
2 _ 2
ox =0

A>0

nweER 6>0
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3.21 Variabili casuali continue

Normale doppia

thXz

(z1,22) =

z,€ER Vi=1,2

w €R Vi =1,2

p=0

Vo =

12/ /011022 = 021/ /011022 € (0, 1)

g g . ey
172 definita positiva
021 022

o; >0 Vi=1,2

Hx; =

0X1X,

wi Vi=1,2
Oi4 Vi = 1,2
= 012 = 021

Normale multipla

Ix1,x,
z;, ER

pi €R

Vi =

1

7_”’Xk(ll'l,mg, e ,l’k.) = m exp (*% (I’l — U1, T2 — U2, ..

Vi=1,2,...,k

Vi=1,2 ...,k

011 g12 . O1k

0921 0922 ... 02k . .
definita positiva

Okl Ok2 ... Okk

o >0 Yie=1,2,...,k

px, =i Vi=1,2, ...,k
O'E(i = Ojy; Vi = 1, 2, ,kj
UXin = 045 = 0j4 Vi 75 j = 1, 2, ey k
Pareto
fx(z) = 85 z>X 0>0, A>0
px = 60X/ (A-1)
ok =0X/ ((6—2)(0—1)%) pero>2
Student
fx(w) = DL (km) =1/ 2 (1422 / k)~ (+0/2 2 €R, k>0
ux =0 perk>1
0% =k/(k—2) perk>2
Student NC
k72 exp (=52 o k+i s L2 \/2
fX(SC) = VrT(n/2) (I;Cizz)(/ki)l)ﬂ Zz‘:o — +J211)/2) (k2+z2> x € R,
pux = Vk/26T((k-1)/2) /T (k/2) perk>1
0% =k(1+6)/(k—2) —6(k/2) T((k—1)/2) /T (k/2)* perk>2

2 2
I 1 _ 1 T1i—p _ Ti—p1 Ta2—po Ta—p2
27/ 011 022 (1—p2?) eXp( 2(1-p?) l:( NGEE ) 2p Vo1 o2z + ( Vo2 ) :|)

Sy — )TV (e — pa, o — pg,

k>0, d€eR

5Tk — ,LLk))
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Tukey

>0, neN/{0,1,2}, peN/{0,1}

Uniforme
fx(x) =1/(b—a) a<z<b, a€R,
px = (a+0b)/2

0% = (b—a)? /12

beR,

a<b

Wald

fx(@) = A/ @2ra®)/ 2exp(-A(z—0)?/(20%°z)) >0, 6>0,

px =0

0% =03/

Weibull

Fx(@) = 0/ N (x /N0 exp (— (x/)\)e) £>0, >0, A>0

px = AT((0+1)/6)

ok =N [D((0+2)/60)—T*(0+1)/6)]
X

Wilcoxon signed rank

0<z<n(n+1)/2, neN/{0}

px = n(n+1)/4

0% =nn+1)(2n+1)/24

Tavola argomenti comandi R

| Variabile Casuale | Suffisso | Parametri | Package |
Beta beta shapel, shape?2 stats
Beta NC beta shapel, shape2, ncp stats
Burr burr shapel, shape2, scale, rate actuar
Cauchy cauchy location, scale stats
Chi - Quadrato chisqg df stats
Chi - Quadrato NC chisqg df, ncp stats
Dirichlet dirichlet alpha MCMCpack
Esponenziale exp rate stats
Fisher f df1, df2 stats
Fisher NC f dfl, df2, ncp stats
Friedman Friedman r, N SuppDists
Gamma gamma shape, scale, rate stats
Gamma 2 gamma shape, scale, rate stats
Gamma inversa invgamma shape, scale MCMCpack
Gamma inversa 2 invgamma shape, scale MCMCpack
Laplace laplace m, s formularioR
Logistica logis location, scale stats
LogLogistica llogis shape, scale, rate actuar
LogNormale lnorm meanlog, sdlog stats
Mann - Whitney wilcox m, n stats
Normale norm mean, sd stats
Normale doppia mvnorm mean, sigma mvtnorm
Normale multipla mvnorm mean, sigma mvtnorm
Pareto paretol shape, min actuar
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3.21 Variabili casuali continue

Student t daf stats
Student NC t df, ncp stats
Tukey tukey nmeans, df stats
Uniforme unif min, max stats
Wald invGauss nu, lambda SuppDists
Weibull weibull shape, scale stats
Wilcoxon signed rank | signrank n stats

Tavola esempi comandi R

| Variabile Casuale | Oggetto Comando in R |
Beta Densita dbeta (x=x, shapel=f, shape2=\)
Ripartizione | pbeta (g=x, shapel=0, shape2=)\)
Quantile gbeta (p=«a, shapel=0, shape2=\)
Random rbeta (n, shapel=0, shape2=\)
Beta NC Densita dbeta (x=x, shapel=0, shape2=X\, ncp=0)
Ripartizione | pbeta (g=x, shapel=0, shape2=\, ncp=0)
Quantile gbeta (p=a, shapel=0, shape2=\, ncp=0)
Random rbeta (n, shapel=0, shape2=X\, ncp=6)
Burr Densita dburr (x=x, shapel=u, shape2=60, scale=\)
dburr (x=x, shapel=u, shape2=0, rate=1/\)
Ripartizione | pburr (g=z, shapel=pu, shape2=0, scale=\)
pburr (g=x, shapel=u, shape2=60, rate=1/\)
Quantile gburr (p=«, shapel=pu, shape2=0, scale=\)
gburr (p=a, shapel=u, shape2=0, rate=1 /)\)
Random rburr (n, shapel=u, shape2=0, scale=)\)
rburr (n, shapel=u, shape2=0, rate=1/\)
Cauchy Densita dcauchy (x=x, location=0, scale=\)
Ripartizione | pcauchy (g=x, location=0, scale=\)
Quantile gcauchy (p=a, location=0, scale=)\)
Random rcauchy (n, location=0, scale=\)
Chi - Quadrato Densita dchisqg(x=x, df=k)
Ripartizione | pchisq(g=z, df=k)
Quantile gchisqg (p=a, df=k)
Random rchisqg(n, df=k)
Chi - Quadrato NC Densita dchisqg (x=x, df=k, ncp=0)
Ripartizione | pchisqg(g=z, df=k, ncp=9)
Quantile gchisq (p=a, df=k, ncp=9)
Random rchisq(n, df=k, ncp=4)
Dirichlet Densita ddirichlet (x=c(z1,...,T) ,alpha=c (a1,...,qk))
Random rdirichlet (n,alpha=c (aq,...,a))
Esponenziale Densita dexp (x=x, rate=M\)
Ripartizione | pexp (g=x, rate=\)
Quantile gexp (p=a, rate=\)
Random rexp (n, rate=\)
Fisher Densita df (x=x,dfl=ny,df2=ns)
Ripartizione | pf (g=x,dfl=ny,df2=ns)
Quantile qf (p=a, dfl=ny,df2=ny)
Random rf(n,dfl=n, df2=nsy)
Fisher NC Densita df (x=x,dfl=n;, df2=no, ncp=9)
Ripartizione | pf (g=x,dfl1=n;, df2=ny, ncp=40)
Quantile gf (p=a, dfl=ny, df2=ny, ncp=9)
Random rf(n,dfl=ny,df2=ny, ncp=9)
Friedman Densita dFriedman (x=z, r=r,N=N)
Ripartizione | pFriedman (g=x, r=r,N=N)
Quantile gFriedman (p=a, r=r,N=N)
Random rFriedman (n, r=r,N=N)
Gamma Densita dgamma (x=x, shape=0, rate=\)
dgamma (x=x, shape=60, scale=1/))
Ripartizione | pgamma (g=z, shape=0, rate=)\)
pgamma (g=x, shape=60, scale=1/\)
Quantile ggamma (p=«, shape=0, rate=\)
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ggamma (p=«, shape=0, scale=1/\)
Random rgamma (n, shape=0#, rate=X\)
rgamma (n, shape=0, scale=1/})
Gamma 2 Densita dgamma (x=x, shape=0, rate=1/\)
dgamma (x=x, shape=9, scale=)\)
Ripartizione | pgamma (g=x, shape=60, rate=1/\)
pgamma (g=x, shape=60, scale=\)
Quantile ggamma (p=«, shape=0, rate=1/X\)
ggamma (p=a, shape=60, scale=)\)
Random rgamma (n, shape=0, rate=1/X)
rgamma (n, shape=#, scale=\)
Gamma inversa Densita dinvgamma (x=x, shape=6, scale=1/)\)
Random rinvgamma (n, shape=0, scale=\)
Gamma inversa 2 Densita dinvgamma (x=x, shape=60, scale=\)
Random rinvgamma (n, shape=0, scale=1/))
Laplace Densita dlaplace (x=x,m=0, s=\)
Ripartizione | plaplace (g=z, m=0, s=\)
Quantile glaplace (p=a, m=0, s=)\)
Random rlaplace (n, m=0, s=\)
Logistica Densita dlogis (x=x, location=0, scale=\)
Ripartizione | plogis (g=z, location=0, scale=\)
Quantile glogis (p=a, location=0, scale=\)
Random rlogis (n, location=#, scale=\)
LogLogistica Densita dllogis (x=x, shape=60, scale=\)
dllogis (x=z, shape=0, rate=1/}\)
Ripartizione | pllogis (g=x, shape=0, scale=)\)
pllogis (g=x, shape=0, rate=1/)\)
Quantile gllogis (p=a, shape=0, scale=\)
gllogis (p=a, shape=0, rate=1/})
Random rllogis (n, shape=0, scale=\)
rllogis (n, shape=0, rate=1/\)
LogNormale Densita dlnorm(x=x, meanlog=u, sdlog=0)
Ripartizione | plnorm (g=z, meanlog=u, sdlog=0)
Quantile glnorm (p=a, meanlog=u, sdlog=0)
Random rlnorm(n,meanlog=u, sdlog=0)
Mann - Whitney Densita dwilcox (x=2, m=ng, n=n,)
Ripartizione | pwilcox (g=z, m=n,, n=ny)
Quantile qwilcox (p=®, m=n,, N=N,)
Random rwilcox (nn, m=n,, n=n,)
Normale Densita dnorm (x=x, mean=u, sd=0)
Ripartizione | pnorm (g=x, mean=u, sd=0)
Quantile gnorm (p=«, mean=u, sd=0)
Random rnorm(n, mean=u, sd=0)
Normale doppia Densita dmvnorm (x=c (x1,x2) ,mean=c (1, t2) , sigma=Vs)
Ripartizione | pmvnorm (u=c (x1,22) , mean=c (1, t2) , sigma=Vs)
Random rmvnorm (n, mean=c (i, ft2) , sigma=Vs)
Normale multipla Densita dmvnorm (x=c (21, T2,...,Zk) ,mean=c (fi1, 42, ..., k) , Sigma=Vy)
Ripartizione | pmvnorm (u=c (z1, %2, ..., T) ,mean=c (i1, o, - - -, lg) , Sigma=Vy)
Random rmvnorm (n, mean=c (U1, f2, ..., g) , Sigma=Vy)
Pareto Densita dparetol (x=r, shape=0,min=\)
Ripartizione | pparetol (g=z, shape=0, min=\)
Quantile gparetol (p=«a, shape=0, min=M\)
Random rparetol (n, shape=60, min=\)
Student Densita dt (x=z, df=k)
Ripartizione | pt (g=x, df=k)
Quantile gt (p=«a, df=k)
Random rt (n, df=k)
Student NC Densita dt (x=x, df=k, ncp=0)
Ripartizione | pt (g=x, df=k, ncp=0)
Quantile gt (p=«a, df=k, ncp=9)
Random rt (n, df=k, ncp=0)
Tukey Ripartizione | ptukey (g=z, nmeans=p, df=n)
Quantile gtukey (p=a, nmeans=p, df=n)
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Uniforme Densita dunif (x=x, min=a, max=>b)
Ripartizione | punif (g=x, min=a, max=>b)
Quantile qunif (p=a, min=a, max=>b)
Random runif (n,min=a, max=b)

Wald Densita dinvGauss (x=z, nu=0, lambda=\)
Ripartizione | pinvGauss (g=x, nu=60, lambda=\)
Quantile ginvGauss (p=a, nu=0, lambda=\)
Random rinvGauss (n, nu=0#, lambda=\)

Weibull Densita dweibull (x=x, shape=0, scale=\)
Ripartizione | pweibull (g=x, shape=0, scale=)\)
Quantile gweibull (p=«a, shape=0, scale=)\)
Random rweibull (n, shape=0, scale=)\)

Wilcoxon signed rank | Densita dsignrank (x=x, n=n)
Ripartizione | psignrank (g=x, n=n)
Quantile gsignrank (p=a, n=n)
Random rsignrank (nn, n=n)

3.22 Logit

logit()

- Package: [Eravay]

¢ Input:

x vettore numerico di probabilita di dimensione n

* Description: trasformazione logit

Formula:

e Examples:

> x <= c(0.2, O.
> log(x/ (1 - x))

[1] -1.3862944 -0.6632942 O

> logit (x)

34, 0.54, 0.6

[1] -1.3862944 -0.6632942 O.

> x <= c(0.23, O.

> log (x/ (1 - x))

45, 0.67, O.

[1] -1.2083112 -0.2006707 O.

> logit (x)

[1] -1.2083112 -0.2006707 O.

5, 0.11)

.1603427 0.6190392 -2.0907411

1603427 0.6190392 -2.0907411

89, 0.11)

7081851 2.0907411 -2.0907411

7081851 2.0907411 -2.0907411
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ilogit()
* Package: [faraway]
¢ Input:

x vettore numerico di dimensione n
¢ Description: trasformazione logit inversa

e Formula:

¢ Examples:

> x <= c(1, 2/ 3! 5, -6)
> exp(x) /(1 + exp(x))

[1] 0.731058579 0.880797078 0.952574127 0.993307149 0.002472623
> ilogit (x)
[1] 0.731058579 0.880797078 0.952574127 0.993307149 0.002472623

> x <- c(2.3, 4.5, 6.7, 7.8, 12)
> exp(x) /(1 + exp(x))

[1] 0.9088770 0.9890131 0.9987706 0.9995904 0.9999939
> ilogit (x)

[1] 0.9088770 0.9890131 0.9987706 0.9995904 0.9999939

inv.logit()
* Package:
¢ Input:

x vettore numerico di dimensione n
* Description: trasformazione logit inversa

e Formula:

¢ Examples:

> x <= c¢c(1, 2, 3, 5, -6)
> exp(x)/ (1 + exp(x))

[1] 0.731058579 0.880797078 0.952574127 0.993307149 0.002472623
> inv.logit (x)
[1] 0.731058579 0.880797078 0.952574127 0.993307149 0.002472623

> x <= c(2.3, 4.5, 6.7, 7.8, 12)
> exp(x)/ (1 + exp(x))

[1] 0.9088770 0.9890131 0.9987706 0.9995904 0.9999939
> ilogit (x)

[1] 0.9088770 0.9890131 0.9987706 0.9995904 0.9999939
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3.23 Serie storiche

length()
* Package:
¢ Input:

x vettore numerico di dimensione n
¢ Description: dimensione campionaria

e Formula:

e Examples:

> x <= c¢c(l.2, 2.3, 4.5, 6.5)
> length (x)

[1] 4

> x <- c(1.2, 3.4, 4.5, 6.4, 4, 3, 4)
> length (x)

[11 7

Package:
¢ Input:

x vettore numerico di dimensione n
lag il valore d del ritardo

differences il valore k dell’ordine delle differenze
* Description: differenze in una serie storica

e Formula: i
(1-BY) 2, Vt=dk+1,dk+2,....n

k
dove 1713(1 Z ( > 17 BiY Bz, = x_y

¢ Examples:

> x <- c¢(1, 2, 4, 3, 5, 6, =-9)
> n <— 7

> d <= 2

> k <= 1

> x[(d + 1) :n] = x[1l:(n = d)]
[1] 3 1 1 3 -14

> diff(x, lag = 2, differences = 1)

[1] 3 1 1 3 -14
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> x <- c¢(1, 2, 4, 3, 5, 6, —-9)
> n <- 7
> d <= 2
> k <= 2
> x[(k »d + 1):n] - 2 » x[(k »d+ 1 -—d):(n - d)] + x[(k » d +
+ 1 -k + d):(n - k * d)]
(11 -2 2 -15
> diff(x, lag = 2, differences = 2)
(1] -2 2 -15
> x <- c(2, 6, 10, 9, 9, 8, 9, 9, 10, 12)
> n <- 10
> d <—= 2
> k <- 3
> x[(k »d + 1):n] - 3 » x[(k »d+ 1 —-—d)y:(n —-—d)y] + 3 = x[(k =*
+ d+ 1 -2 xd):(n -2 »d)] - x[(k ~d+1 -k *x d):(n -
+ k + d)]
[11] 10 6 0 O
> diff(x, lag = 2, differences = 3)
[1] 10 6 0 O
diffinv()

Package:
Input:

x vettore numerico di dimensione n

lag il valore d del ritardo

differences il valore k dell’'ordine delle differenze

x1 valore necessari a ricostruire la serie storica di partenza

Description: operazione inversa del comando diff ()

Examples:

> x <- c(1, 2, 4, 3, 5, 6, -9)

> n <— 7

> d <— 2

> k <=1

> diff(x, lag = 2, differences = 1)
[1] 3 1 1 3 -14

> diffinv(diff(x, lag = 2, differences = 1), lag = 2, differences = 1,
+ xi = c(1, 2))

[11] 1 2 4 3 5 6 -9

> x <- c¢(1, 2, 4, 3, 5, 6, —-9)

> n <-= 7

> d <= 2

> k <= 2

> diff(x, lag = 2, differences = 2)
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(1] -2 2 -15

> diffinv(diff(x, lag = 2, differences = 2), lag = 2, differences
+ xi = c(l, 2, 4, 3))

> x <- c¢(2, 6, 10, 9, 9, 8, 9, 9, 10, 12)
> n <- 10

> d <= 2

> k <= 3

>

diff(x, lag = 2, differences = 3)
[1] 10 6 0 O

> diffinv(diff(x, lag = 2, differences = 3), lag = 2, differences
+ xi = c¢c(2, 6, 10, 9, 9, 8))

[1] 2 610 9 9 8 9 9 10 12

* Package:
¢ Input:

x vettore numerico di dimensione n

lag.max il valore d del ritardo

type = "correlation" / "covariance" / "partial" tipo di legame
demean = TRUE / FALSE centratura

plot = FALSE

¢ Description: autocovarianza oppure autocorrelazione
¢ Output:

acf autocovarianza oppure autocorrelazione
n.used dimensione campionaria

lag il valore d del ritardo
¢ Formula:

acft

’ type = "correlation" AND demean = TRUE ‘

plk) = ?=_1k (zt — @) (T4 — T)

VE=01,2,...,d
ey (@ — ) R

’ type = "correlation" AND demean = FALSE ‘

n—k
p(k) = List BTk 019 g

b T
’ type = "covariance" AND demean = TRUE ‘
1 n—k
:Y(k)zi (l't_i‘)(l't-‘rk_j) Vk:0,1,2,...,d
[
’ type = "covariance" AND demean = FALSE ‘

= 2,

= 3,
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1
’?(k):— Tt Ti+k Vk:0,1,2,...7d
i
‘type = "partial"
1 sy A) p(1)
p(1) 1 (1) p(2)
p(2) p(1) 1 p(3)
o(k—1 o(k —2 o(k—3 o(k
f(k) = ple—1) pk=2) pk=3) AR) V=12 ...d
1 p(1) p(2) p(k—1)
sy 1 A1) plk - 2)
p(2) p(1) 1 p(k —3)
plk—=1) pk—=2) plk—3) 1
n.used
n
lag
d
¢ Examples:
> x <- c¢(1, 2, 7, 3, 5, 2, 0, 1, 4, 5)
> n <- 10
> d <-4
> sum((x[1l:(n - d)] - mean(x)) * (x[(d + 1):n] - mean(x)))/((n -
+ 1) * var (x))
[1] -0.3409091
> acf(x, lag.max = d, type = "correlation", demean = TRUE, plot = FALSE) Sacf[d +
+ 1]
[1] -0.3409091
> x <- c¢(1, 2, 7, 3, 5, 2, 0, 1, 4, 5)
> n <= 10
> d <-4
> sum((x[1l:(n - d)]) = (x[(d + 1):n]))/ (sum(x"2))
[1] 0.3134328
> acf (x, lag.max = d, type = "correlation", demean = FALSE, plot = FALSE)S$acf[d +
+ 1]
[1] 0.3134328
> x <- c¢(1, 2, 7, 3, 5, 2, 0, 1, 4, 5)
> n <- 10
> d <-4
> sum((x[1l:(n — d)] - mean(x)) * (x[(d + 1):n] - mean(x)))/n
[1] -1.5
> acf(x, lag.max = d, type = "covariance", demean = TRUE, plot = FALSE) Sacfl[d +
+ 1]
[1] -1.5
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x <- ¢c(1, 2, 7, 3, 5, 2, 0, 1, 4, 5)
n <- 10

d <-4

sum((x[1:(n - d)]) * (x[(d + 1):n]))/n

vV V. V V

[1] 4.2

plot = FALSE) Sacf[d +

> acf(x, lag.max = d, type = "covariance", demean = FALSE,

+ 1]

[1] 4.2

pacf()
* Package:
¢ Input:

x vettore numerico di dimensione n
lag.max il valore d del ritardo
demean = TRUE / FALSE centratura

plot = FALSE
* Description: autocorrelazione parziale

¢ Output:

act autocorrelazione parziale
n.used dimensione campionaria

lag il valore d del ritardo

¢ Formula:
acft
1 p(1) p(2) p(1)
p(1) 1 p(1) £(2)
p(2) p(1) 1 A(3)
k=) p—2) pk-3) ... (k) B
e 0 e sy E T
p(1) 1 p(1) p(k —2)
p(2) p(1) 1 p(k —3)
plk—1) plk—2) plk—3) 1
’demean = TRUE‘
o S (e — ) (@ — ) _
pk) = o NERY VEk=0,1,2....d
’demean = FALSE‘
plk) = w Vk=01,2....d
n.used
lag
d
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e Examples:
> x <- c¢(1, 2, 7, 3, 5, 2, 0, 1, 4, 5)
> n <- 10

> d <-4
> pacf(x, lag.max = d, demean = TRUE, plot = FALSE)

Partial autocorrelations of series 'x', by lag

1 2 3 4
0.114 -0.266 -0.349 -0.417

3.24 Valori mancanti

* Package:
¢ Input:
x vettore numerico di dimensione n
* Description: rileva la presenza di valori NA e NaN
¢ Examples:

> x <- c¢(1.3, 1, 2, 3.4, 3.4, 5.7, NA, 3.8)
> is.na(x)

[1] FALSE FALSE FALSE FALSE FALSE FALSE TRUE FALSE

> x <- ¢(1.3, NaN, 2, 3.4, 3.4, 5.7, NA, 3.8)
> is.na(x)

[1] FALSE TRUE FALSE FALSE FALSE FALSE TRUE FALSE

> x <- c¢(1, 2, NA, 4, 5.6, NaN, 1.2, 4, 4.4)
> x[!is.na(x)]

[1] 1.0 2.0 4.0 5.6 1.2 4.0 4.4

> x <- c (3, 4, NA, 5)
> mean (x)

[1] NA
> mean (x[!is.na(x)])

[1] 4
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* Package:
¢ Input:

x vettore numerico di dimensione n
* Description: rileva la presenza di valori NaN
¢ Examples:

> x <- c¢(1.3, 1, 2, 3.4, 3.4, 5.7, NA, 3.8)
> 1s.nan (x)

[1] FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE

> x <- c¢(1.3, NaN, 2, 3.4, 3.4, 5.7, NA, 3.8)
> 1is.nan (x)

[1] FALSE TRUE FALSE FALSE FALSE FALSE FALSE FALSE

> x <— c(l, 2, NA, 4, 5.6, NaN, 1.2, 4, 4.4)
> x[!is.nan (x) ]

[1] 1.0 2.0 NA 4.0 5.6 1.2 4.0 4.4

na.omit()
* Package:
¢ Input:

x vettore numerico di dimensione n
¢ Description: elimina i valori NA e NaN
e Examples:
> x <- c¢(1.3, 1, 2, 3.4, 3.4, 5.7, NA, 3.8)

> na.omit (x)

[1] 1.3 1.0 2.0 3.4 3.4 5.7 3.8
attr(,"na.action")

[11 7
attr(,"class")
[1] "omit"

> x <= c(1.3, NaN, 2, 3.4, 3.4, 5.7, NA, 3.8)
(%)

> na.omit (x

[1] 1.3 2.0 3.4 3.4 5.7 3.8
attr(,"na.action")

[11 2 7
attr(,"class")
[1] "omit™"
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3.25 Miscellaneous

sample()

* Package:
¢ Input:

x vettore alfanumerico di dimensione n

size ampiezza campionaria

replace = TRUE / FALSE estrazione con oppure senza ripetizione

prob vettore di probabilita

¢ Description: estrazione campionaria

¢ Examples:

> X <7 C("A", "B")
> n <- 2

> sample(x, size = 10,

[11 "B" "A" "B" "A" "B"

> x <= c (0, 1)
> n <— 2
> sample (x, size = 5,

(1] 1 0101

> x <- c(1, 2, 3, 4, 5,

> n <- 10
> sample(x, size = 3,

[1] 9 2 4

* Package:
¢ Input:

b valore del margine di errore E

= TRUE, prob = rep(l/n, times = n))

"B" "B" "B" "B"

= TRUE, prob = rep(l/n, times = n))

8, 9, 10)

= FALSE, prob = rep(l/n, times = n))

sigma valore dello scarto quadratico medio o,

p valore della proporzione campionaria p
