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mean()mean()  R()()
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((median)median)(( ))
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((median)median)(( ))
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XX

ff((xx)) xx RRff((xx)),, xx RR

MM :

PP((XX <<MM)) 0.50.5 PP((XX MM)) 0.50.5

– ., . .

•• milieu de probabilitmilieu de probabilitéé / the middle of the probability / the middle of the probability 

(( L d  L d  L l  18 L l  18 ))(( LegendreLegendre Laplace, ~18Laplace, ~18 .).)
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((outliersoutliers))
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((outliersoutliers))

median()median()  R()()
• median(x, na.rm = FALSE, ...)
# C    # Create a vector

x <- c(-21,-5,--1.21.2,2,3,4.2,7,8,12,18,54)( , , , , , , , , , , )
# Find Median 

result.median <- median(x)( )
print(result.median)
[1] 5.6[ ]

# Create a vector 

x <- c(-21 -5 --1 21 2 2 3 4 2 7 8 12 18 54)x < c( 21, 5, 1.21.2,2,3,4.2,7,8,12,18,54)
# Find Median

result median <- median(x)result.median <- median(x)
print(result.mean)
[1] 4 2
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[1] 4.2

((mode)mode)(( ))
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modemode()()  R R
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mySamplesmySamples <<-- c(19, 4, 5, 7, 29, 19, 29, 13, 25, 19, 29)c(19, 4, 5, 7, 29, 19, 29, 13, 25, 19, 29)y py p ( )( )

user_modeuser_mode <<-- functionfunction(x) {(x) {

uxux <<-- unique(x)unique(x)q ( )q ( )

uxux[which.max([which.max(tabulatetabulate(match(x,(match(x, uxux)))])))]

}}}}

user_modeuser_mode((mySamplesmySamples))

[1] 19[1] 19

““ ””

[1] 19[1] 19

multi_modesmulti_modes <<-- functionfunction(x) {(x) {

i ( )i ( )uxux <<-- unique(x)unique(x)

tab <tab <-- tabulatetabulate(match(x,(match(x, uxux))))

uxux[tab == max(tab)][tab == max(tab)]

}}
““ ””

}}

multi_modesmulti_modes((mySamplesmySamples))

[1] 19 29[1] 19 29
 , . , .
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[1] 19 29[1] 19 29
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((geometricgeometricx1, x2, …, xn:

mean)mean)
1 2 n

 R , . .

# Defining vector# Defining vector

x <- c(1, 5, 9, 19, 25)

# Print Geometric Mean: prod(x)^(1/lengthprod(x)^(1/length((xx))))

print(prod(x)^(1 / length(x)))print(prod(x)^(1 / length(x)))

[1] 7.344821
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((h i )h i )((harmonic mean)harmonic mean)
RR , . .

# Defining vector

< (1 5 8 10)x <- c(1, 5, 8, 10)

# Print Geometric Mean: 1 / 1 / mean( 1/x )mean( 1/x )( )( )

print ( 1 / mean( 1/x ) )

[1] 2 807018

. , /. , /  ‘ ’ ‘ ’

[1] 2.807018
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// Covariance (Covariance (x yx y))
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((skewnessskewness))

PearsonPearson

((skewnessskewness))

•• PearsonPearson

1
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Pearson
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Pearson

((kurtosiskurtosis peakedness)peakedness)

•
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••  PearsonPearson
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=32=3
(( 22 > 0 > 0 

< 0< 0 )),, 22 < 0< 0 ))
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( )( ) 22 V (X)V (X) = ( ) = ( ) 22 = Var (X) == Var (X) =

E (E ( 22)) -- 22E (E ( ))

, .

•

( )( )

( ) ( 2)( ), ( 2),        
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Moment generating functionsMoment generating functions (MGF)(MGF)Moment generating functionsMoment generating functions (MGF)(MGF)
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 h>0
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4 (Kurtosis)( )

. , /. , /  ‘ ’ ‘ ’

# install required packages# install required packages
>> install.packagesinstall.packages('moments')('moments')>> install.packagesinstall.packages( moments )( moments )
# load installed package# load installed package
> library(moments)> library(moments)
>>
> # create a vector of data> # create a vector of data
>> my datamy data<<--c(98 87 96 91 85 89 93 96 99 86)c(98 87 96 91 85 89 93 96 99 86)>> my_datamy_data<<--c(98,87,96,91,85,89,93,96,99,86)c(98,87,96,91,85,89,93,96,99,86)
>   >   
> #Raw Moments: > #Raw Moments: all.momentsall.moments((x,order.max,centralx,order.max,central=FALSE)=FALSE)(( , ,, , ))

> print('Raw Moments')> print('Raw Moments')
[1] "Raw Moments"[1] "Raw Moments"

i (i ( llll (( dd ))))> print(> print(all.momentsall.moments((my_datamy_data))))
[1]    1.0   92.0 8487.8[1]    1.0   92.0 8487.8
>>>   >   
> # Central Moments> # Central Moments
> print('Central Moments')> print('Central Moments')
[1] "Central Moments"[1] "Central Moments"
> print(> print(all.momentsall.moments((my_data,centralmy_data,central=TRUE))=TRUE))
[1] 1 0 0 0 23 8[1] 1 0 0 0 23 8

. , /. , /  ‘ ’ ‘ ’

[1] 1.0 0.0 23.8[1] 1.0 0.0 23.8
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(Efficiency)(Efficiency)
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(( ffff ))((SufficiencySufficiency))
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•

((UnbiasednessUnbiasedness))((UnbiasednessUnbiasedness))

•

.

• (û)(û) == uu ûû, uu

••
 (bias): ((ûû) = ) = (û)(û) –– uu

((UnbiasedUnbiased((UnbiasedUnbiased
Estimator)Estimator) , ,

,
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 n

‘ ’‘ ’

. , /. , /  ‘ ’ ‘ ’

‘ ’

•• ,

µµ22

2222
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(n )

((Consistency)Consistency)((Consistency)Consistency)
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( )( )

:
00)ˆ(Pli 00,)uu(Plim

n

((ConsistentConsistent((ConsistentConsistent
Estimator)Estimator),
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,

:

., nn ,

• xxdd == ½½((xxminmin+x+xmaxmax))
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•

• rr =E(=E(XXii
rr)) r-
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11,, 22,…,,…, nn . . . F(X,F(X, rr ))
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