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adjusted.weight.MI Calculates the adjusted weight for a given main-item of a linguistic
questionnaire

Description

Calculates the adjusted weight for a given main-item of a linguistic questionnaire
Usage
adjusted.weight .MI(x, i, j, b_j, b_jk, SI)
Arguments
X the data set to evaluate.
i an observation index.
J a main-item index.
b_j an array referring to the initial weights given to each main-item of the considered
main-item. This array will be afterwards re-calculated.
b_jk a matrix of length(b_j) rows and max(SI) columns expressing the initial weights
of each sub-item of a given main-item.
SI an array representing the total numbers of sub-items per main-item.
Value

A numerical value giving the readjusted weight of the main-item j for the observation i.
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Examples

data <- matrix(c(3,4,2,3,3,2,4,3,3,4,3,4,4,2,5,3,4,4,3,3,3,4,4,3,
3,3,4,3,3,3,3,4,4,3,5,3,4,3,3,3), ncol = 4)
data <- as.data.frame(data)

MI <- 2

SIT <- 2

SI2 <- 2

SI <- c¢(SI1,SI2)

b_j <- ¢(1/2,1/2)

b_jk <- matrix(c(0.5,0.5,0.5,0.5),nrow=2)
PA11 <- ¢(1,2,3,4,5)

PA12 <- ¢(1,2,3,4,5)

PA21 <- ¢(1,2,3,4,5)

PA22 <- ¢(1,2,3,4,5)

MF111 <- TrapezoidalFuzzyNumber(0,2,2,7)
MF112 <- TrapezoidalFuzzyNumber(2,7,7,15)
MF113 <- TrapezoidalFuzzyNumber(7,15,15,23)
MF114 <- TrapezoidalFuzzyNumber(15,23,23,28)
MF115 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF11 <- GFUZZ(data, 1, 1, PA11, spec="Identical”, breakpoints = 100)

MF121 <- TrapezoidalFuzzyNumber(0,2,2,7)

MF122 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF123 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF124 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF125 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF12 <- GFUZZ(data, 1, 2, PA12, spec="Identical”, breakpoints

100)

MF211 <- TrapezoidalFuzzyNumber(0,2,2,7)

MF212 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF213 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF214 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF215 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF21 <- GFUZZ(data, 2, 1, PA21, spec="Identical”, breakpoints = 100)

MF221 <- TrapezoidalFuzzyNumber(0,2,2,7)

MF222 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF223 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF224 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF225 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF22 <- GFUZZ(data, 2, 2, PA22, spec="Identical”, breakpoints = 100)

range <- matrix(c(0,9,0,0,28,28,28,28), ncol=2)
adjusted.weight.MI(data, 9, 1, b_j, b_jk, SI)

adjusted.weight.SI Calculates the adjusted weight for a given sub-item of a linguistic
questionnaire
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Description

Calculates the adjusted weight for a given sub-item of a linguistic questionnaire
Usage

adjusted.weight.SI(x, i, k, b_jk)
Arguments

X the data set to evaluate.

i an observation index.

k a sub-item index.

b_jk an array referring to the initial weights given to each sub-item of the considered

main-item. This array will be afterwards re-calculated.

Value

A numerical value giving the readjusted weight of the sub-item k of the considered main-item for
the observation i.

Examples
data <- matrix(c(3,4,2,3,3,2,4,3,3,4,3,4,4,2,5,3,4,4,3,3,3,4,4,3,

3:3r473:3r3y3;4y4y3,5,3,4,3,3,3), ncol = 4)
adjusted.weight.SI(data, 7, 1, c(0.5,0.5))

Bertoluzza Calculates a distance by the d_Bertoluzza between fuzzy numbers

Description

Calculates a distance by the d_Bertoluzza between fuzzy numbers

Usage

Bertoluzza(X, Y, i =1, j = 1, theta = 1/3, breakpoints = 100)

Arguments
X a fuzzy number.
Y a fuzzy number.
i parameter of the density function of the Beta distribution, fixed by default to i =
1.
N parameter of the density function of the Beta distribution, fixed by default to j =

1.
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theta

breakpoints

Value

A numerical value.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

boot.mean.algo1

Estimates the bootstrap distribution of the likelihood ratio LR by the
Algorithm 1 using the mean

Description

Estimates the bootstrap distribution of the likelihood ratio LR by the Algorithm 1 using the mean

Usage

boot.mean.algol(

data.fuzzified,

distribution,
sig,
nsim = 100,
mu = NA,
sigma = NA,
step = 0.1,
margin = c(5,
breakpoints =
plot = TRUE
)
Arguments

data.fuzzified
distribution
sig

nsim

mu

sigma

5),
100,

a fuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

a distribution chosen between "normal", "poisson”, "Student" or "Logistic".
a numerical value representing the significance level of the test.

an integer giving the number of replications needed in the bootstrap procedure.
It is set to 100 by default.

if the mean of the normal distribution is known, mu should be a numerical value.
Otherwise, the argument mu is fixed to NA.

if the standard deviation of the normal distribution is known, sigma should be a
numerical value. Otherwise, the argument sigma is fixed to NA.



step

margin

breakpoints

plot

Value

boot.mean.algo2

a numerical value fixed to 0.1, defining the step of iterations on the interval [t-5;
t+5].

an optional numerical couple of values fixed to [5; 5], representing the range of
calculations around the parameter t.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

fixed by default to "FALSE". plot="FALSE" if a plot of the fuzzy number is not
required.

Returns a vector of decimals representing the bootstrap distribution of LR.

boot.mean.algo2

Estimates the bootstrap distribution of the likelihood ratio LR by the
Algorithm 2 using the mean

Description

Estimates the bootstrap distribution of the likelihood ratio LR by the Algorithm 2 using the mean

Usage

boot.mean.algo2(
data.fuzzified,

5),

distribution,
sig,
nsim = 100,
mu = NA,
sigma = NA,
step = 0.1,
margin = c(5,
breakpoints = 100,
plot = TRUE
)
Arguments

data.fuzzified
distribution
sig

nsim

mu

a fuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

a distribution chosen between "normal"”, "poisson”, "Student" or "Logistic".
a numerical value representing the significance level of the test.

an integer giving the number of replications needed in the bootstrap procedure.
It is set to 100 by default.

if the mean of the normal distribution is known, mu should be a numerical value.
Otherwise, the argument mu is fixed to NA.



boot.mean.ml

sigma

step

margin

breakpoints

plot

Value

if the standard deviation of the normal distribution is known, sigma should be a
numerical value. Otherwise, the argument sigma is fixed to NA.

a numerical value fixed to 0.1, defining the step of iterations on the interval [t-5;
t+5].

an optional numerical couple of values fixed to [5; 5], representing the range of
calculations around the parameter t.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

fixed by default to "FALSE". plot="FALSE" if a plot of the fuzzy number is not
required.

Returns a vector of decimals representing the bootstrap distribution of LR.

boot.mean.ml

Estimates the bootstrap distribution of the likelihood ratio LR by the
Algorithm 1 or 2 using the mean

Description

Estimates the bootstrap distribution of the likelihood ratio LR by the Algorithm 1 or 2 using the

mean

Usage

boot.mean.ml(

data.fuzzified,

algorithm,
distribution,
sig,

nsim = 100,
mu = NA,
sigma = NA,
step = 0.1,

margin = c(5, 5),
breakpoints = 100,
plot = TRUE

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function

algorithm

GFUZZ, or a similar matrix. No NA are allowed.

an algorithm chosen between "algol" or "algo2".
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distribution
sig
nsim
mu
sigma
step
margin
breakpoints

plot

Value

cube

a distribution chosen between "normal", "poisson”, "Student" or "Logistic".
a numerical value representing the significance level of the test.

an integer giving the number of replications needed in the bootstrap procedure.
It is set to 100 by default.

if the mean of the normal distribution is known, mu should be a numerical value.
Otherwise, the argument mu is fixed to NA.

if the standard deviation of the normal distribution is known, sigma should be a
numerical value. Otherwise, the argument sigma is fixed to NA.

a numerical value fixed to 0.1, defining the step of iterations on the interval [t-5;
t+5].

an optional numerical couple of values fixed to [5; 5], representing the range of
calculations around the parameter t.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

fixed by default to "FALSE". plot="FALSE" if a plot of the fuzzy number is not
required.

Returns a vector of decimals representing the bootstrap distribution of LR.

Examples

mat <- matrix(c(1,2,2,2,2,1),ncol=1)
MF111 <- TrapezoidalFuzzyNumber(@,1,1,2)
MF112 <- TrapezoidalFuzzyNumber(1,2,2,3)

PAT1 <- c(1,2)

data.fuzzified <- FUZZ(mat,mi=1,si=1,PA=PA11)

emp.dist <- boot.mean.ml(data.fuzzified, algorithm = "algol”, distribution = "normal”,
sig = 0.05, nsim = 5, sigma = 1)

eta.boot <- quantile(emp.dist, probs = 95/100)

cube

Cube a number

Description

Cube a number

Usage

cube(x)

Arguments

X

Number to be cubed



D2 11

Value

The cube of the input

D2 Calculates a distance by the D2 between fuzzy numbers

Description

Calculates a distance by the D2 between fuzzy numbers

Usage
D2(X, Y, breakpoints = 100)

Arguments
X a fuzzy number.
Y a fuzzy number.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
Value

A numerical value.

Defuzz.FANOVA Defuzzify the fuzzy sums of squares calculated by a FANOVA model by
an exact calculation or an approximation

Description

Defuzzify the fuzzy sums of squares calculated by a FANOVA model by an exact calculation or an

approximation
Usage
Defuzz.FANOVA(
res,
distance.type = "DSGD",
i=1,
j=1,
theta = 1/3,
thetas = 1,
p =2,
q = 0.5,

breakpoints = 100
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Arguments

res

distance. type

theta

thetas

breakpoints

Value

Delta.pq

a result of a call of the function FANOVA, where method = "distance".

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Returns a list of all the arguments of the function, the defuzzified total, treatment and residuals sums
of squares, the decision made etc.

Delta.pq

Calculates a distance by the d_Delta.pq between fuzzy numbers

Description

Calculates a distance by the d_Delta.pq between fuzzy numbers

Usage

Delta.pq(X, Y, p, q, breakpoints = 100)
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Arguments
X a fuzzy number.
Y a fuzzy number.
p a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq.
q adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
Value

A numerical value.

Delta_jki Calculates the factor Delta_jki

Description

Calculates the factor Delta_jki

Usage

Delta_jki(x, i, K)

Arguments

X a dataset.

i an observation index.

K the total number of linguistics in a sub-item.
Value

The response matrix of binary values (0 or 1) related to the answers of a particular dataset for its
corresponding sub-items.
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distance Calculates a distance between fuzzy numbers according to the chosen
type

Description

Calculates a distance between fuzzy numbers according to the chosen type

Usage
distance(
X,
Y,
type,
i=1,
i=1,
theta = 1/3,
thetas = 1,
p =2,
q=0.5,
breakpoints = 100
)
Arguments
X a fuzzy number.
Y a fuzzy number.
type type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".
i parameter of the density function of the Beta distribution, fixed by default to i =
1.
h parameter of the density function of the Beta distribution, fixed by default to j =
1.
theta a numerical value between O and 1, representing a weighting parameter. By

default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

thetas a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

p a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq.

q adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
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Value

A numerical value.

Examples

X <- TrapezoidalFuzzyNumber(1,2,3,4)
Y <- TrapezoidalFuzzyNumber(4,5,6,7)
distance(X, Y, type = "DSGD.G")
distance(X, Y, type = "GSGD")

DSGD Calculates a distance by the SGD between fuzzy numbers

Description

Calculates a distance by the SGD between fuzzy numbers

Usage

DSGD(X, Y, i =1, j = 1, breakpoints = 100, theta = 1/3)

Arguments
X a fuzzy number.
Y a fuzzy number.
i parameter of the density function of the Beta distribution, fixed by default to i =
1.
b parameter of the density function of the Beta distribution, fixed by default to j =
1.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
theta a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/Idev/rdev.
Value

A numerical value.
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DSGD.G Calculates a distance by the d_DSGD.G between fuzzy numbers

Description

Calculates a distance by the d_DSGD.G between fuzzy numbers

Usage

DSGD.G(X, Y, i =1, j =1, thetas = 1, breakpoints = 100)

Arguments
X a fuzzy number.
Y a fuzzy number.
i parameter of the density function of the Beta distribution, fixed by default to i =
1.
j parameter of the density function of the Beta distribution, fixed by default to j =
1.
thetas a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
Value

A numerical value.

FANOVA Computes a FANOVA model by a convenient metric, an exact calcula-
tion or an approximation

Description

Computes a FANOVA model by a convenient metric, an exact calculation or an approximation
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Usage

FANOVA(
formula,
dataset,

17

data.fuzzified,

sig,
method,

distance.type = "DSGD",

i=1,
j=1,

theta = 1/3,
thetas = 1,
p =2,

q = 0.5,
breakpoints

100,

int.method = "int.simpson”,

plot = TRUE

Arguments

formula
dataset

data.fuzzified

sig
method

distance. type

theta

thetas

a description of the model to be fitted.
the data frame containing all the variables of the model.

the fuzzified data set constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix.

a numerical value representing the significance level of the test.

non non

the choices are the following: "distance", "exact", "approximation".

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.
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breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
int.method the method of numerical integration. It is set by default to the Simpson method,
i.e. int.method="int.simpson".
plot fixed by default to "TRUE". plot="FALSE" if a plot of the fuzzy number is not
required.
Value

Returns a list of all the arguments of the function, the total, treatment and residuals sums of squares,
the coefficients of the model, the test statistics with the corresponding p-values, and the decision
made.

Examples

mat <- matrix(c(1,1,1,1,1,1,1,2,2,2,2,3,2,3,4,2,3,3,2,4), ncol = 2)
data <- data.frame(mat)
data$X1l <- factor(data$x1)

MF121 <- TrapezoidalFuzzyNumber(@,1,1,2.2)

MF122 <- TrapezoidalFuzzyNumber(1.8,1.9,2.2,2.8)
MF123 <- TrapezoidalFuzzyNumber(1.9,2.3,3.1,3.3)
MF124 <- TrapezoidalFuzzyNumber(3.1,3.4,4.1,4.2)

PA12 <- ¢(1,2,3,4)

data.fuzzified <- GFUZZ(data, 1, 2, PA12, "Identical”)

formula = X2 ~ X1

res <- FANOVA(formula, dataset = data, method ="distance”, data.fuzzified = data.fuzzified,
sig = 0.05, distance.type = "wabl")

FANOVA.approximation  Computes a FANOVA model by an approximation

Description

Computes a FANOVA model by an approximation

Usage

FANOVA. approximation(
formula,
dataset,
data.fuzzified,
sig,
breakpoints = 100,
int.method = "int.simpson”,
plot = TRUE
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Arguments

formula

dataset

data.fuzzified

sig

breakpoints

int.method

plot

Value
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a description of the model to be fitted.
the data frame containing all the variables of the model.

the fuzzified data set constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix.

a numerical value representing the significance level of the test.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

the method of numerical integration. It is set by default to the Simpson method,
i.e. int.method="int.simpson".

fixed by default to "TRUE". plot="FALSE" if a plot of the fuzzy number is not
required.

Returns a list of all the arguments of the function, the total, treatment and residuals sums of squares,
the coefficients of the model, the test statistics with the corresponding p-values, and the decision

made.

FANOVA.distance

Computes a FANOVA model by a convenient metric

Description

Computes a FANOVA model by a convenient metric

Usage

FANOVA.distance(

formula,
dataset,

data.fuzzified,

sig,

distance. type,

i=1,
j=1,
theta =
thetas =
p =2,
q = 0.5,

breakpoints

100
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Arguments

formula
dataset

data.fuzzified

sig

distance. type

theta

thetas

breakpoints

Value

FANOVA .exact

a description of the model to be fitted.
the data frame containing all the variables of the model.

the fuzzified data set constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix.

a numerical value representing the significance level of the test.

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Returns a list of all the arguments of the function, the total, treatment and residuals sums of squares,
the coefficients of the model, the test statistics with the corresponding p-values, and the decision

made.

FANOVA.exact

Computes a FANOVA model by an exact calculation

Description

Computes a FANOVA model by an exact calculation
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Usage

FANOVA.exact(
formula,
dataset,
data.fuzzified,
sig,
breakpoints = 100,
int.method = "int.simpson”,
plot = TRUE

Arguments

formula a description of the model to be fitted.
dataset the data frame containing all the variables of the model.

data.fuzzified the fuzzified data set constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix.

sig a numerical value representing the significance level of the test.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

int.method the method of numerical integration. It is set by default to the Simpson method,
i.e. int.method="int.simpson".

plot fixed by default to "TRUE". plot="FALSE" if a plot of the fuzzy number is not
required.

Value

Returns a list of all the arguments of the function, the total, treatment and residuals sums of squares,
the coefficients of the model, the test statistics with the corresponding p-values, and the decision

made.
FANOVA. summary Prints the summary of the estimation of a FANOVA metric-based
model
Description

Prints the summary of the estimation of a FANOVA metric-based model

Usage
FANOVA. summary(res)

Arguments

res a result of a call of the function FANOVA, where method = "distance".
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Value

fei.ml

Returns a list of summary statistics of the estimated model given in res, shown in a FANOVA table.
In addition, the F-statistics with their p-values, and the decision are given.

fci.ml Estimates a fuzzy confidence interval by the Likelihood method

Description

Estimates a fuzzy confidence interval by the Likelihood method

Usage
fci.ml(

data.fuzzified,
t,
distribution,
sig,
mu = NA,
sigma = NA,
step = 0.05,

margin = c(5, 5),
breakpoints = 100,
plot = TRUE

Arguments

data.fuzzified a fuzzification matrix constructed by a call to the function FUZZ or the function

GFUZZ, or a similar matrix. No NA are allowed.

t a given numerical or fuzzy type parameter of the distribution.

distribution a distribution chosen between "normal", "poisson”, "Student" or "Logistic".
sig a numerical value representing the significance level of the test.

mu if the mean of the normal distribution is known, mu should be a numerical value.

Otherwise, the argument mu is fixed to NA.

sigma if the standard deviation of the normal distribution is known, sigma should be a
numerical value. Otherwise, the argument sigma is fixed to NA.

step a numerical value fixed to 0.05, defining the step of iterations on the interval
[t-5; t+5].

margin an optional numerical couple of values fixed to [5; 5], representing the range of

calculations around the parameter t.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build

the numerical alpha-cuts. It is fixed to 100 by default.

plot fixed by default to "FALSE". plot="FALSE" if a plot of the fuzzy number is not

required.
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Value

Returns a matrix composed by 2 vectors representing the numerical left and right alpha-cuts. For
this output, is.alphacuts = TRUE.

Examples

data <- matrix(c(1,2,3,2,2,1,1,3,1,2),ncol=1)

MF111 <- TrapezoidalFuzzyNumber(@,1,1,2)

MF112 <- TrapezoidalFuzzyNumber(1,2,2,3)

MF113 <- TrapezoidalFuzzyNumber(2,3,3,4)

PATT <- ¢(1,2,3)

data.fuzzified <- FUZZ(data,mi=1,si=1,PA=PA11)

Fmean <- Fuzzy.sample.mean(data.fuzzified)

fci.ml(data.fuzzified, t = Fmean, distribution = "normal”, sig= 0.05, sigma = 0.62)

fci.ml.boot Estimates a fuzzy confidence interval by the Likelihood method

Description

Estimates a fuzzy confidence interval by the Likelihood method

Usage

fci.ml.boot(
data.fuzzified,
t,
distribution,
sig,
coef.boot,
mu = NA,
sigma = NA,
step = 0.05,
margin = c(5, 5),
breakpoints = 100,
plot = TRUE

Arguments
data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.
t a given numerical or fuzzy type parameter of the distribution.
distribution a distribution chosen between "normal"”, "poisson”, "Student" or "Logistic".
sig a numerical value representing the significance level of the test.

coef.boot a decimal representing the 1-sig-quantile of the bootstrap distribution of LR.
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mu

sigma

step

margin

breakpoints

plot

Value

FMANOVA

if the mean of the normal distribution is known, mu should be a numerical value.
Otherwise, the argument mu is fixed to NA.

if the standard deviation of the normal distribution is known, sigma should be a
numerical value. Otherwise, the argument sigma is fixed to NA.

a numerical value fixed to 0.05, defining the step of iterations on the interval
[t-5; t+5].

an optional numerical couple of values fixed to [5; 5], representing the range of
calculations around the parameter t.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

fixed by default to "FALSE". plot="FALSE" if a plot of the fuzzy number is not
required.

Returns a matrix composed by 2 vectors representing the numerical left and right alpha-cuts. For
this output, is.alphacuts = TRUE.

Examples

data <- matrix(c(1,2,3,2,2,1,1,3,1,2),ncol=1)
MF111 <- TrapezoidalFuzzyNumber(0,1,1,2)
MF112 <- TrapezoidalFuzzyNumber(1,2,2,3)
MF113 <- TrapezoidalFuzzyNumber(2,3,3,4)

PAT1 <- ¢(1,2,3)

data.fuzzified <- FUZZ(data,mi=1,si=1,PA=PA11)

Fmean <- Fuzzy.sample.mean(data.fuzzified)

fci.ml.boot(data.fuzzified, t = Fmean, distribution = "normal”, sig= 0.05, sigma = 0.62,
coef.boot = 1.8225)

FMANOVA

Computes a Mult-FANOVA model by a convenient metric, an exact
calculation or an approximation

Description

Computes a Mult-FANOVA model by a convenient metric, an exact calculation or an approximation

Usage

FMANOVA (
formula,
dataset,

data.fuzzified,

sig = 0.05,

method,

distance.type = "DSGD",



FMANOVA

index.var =
i=1,
j=1,
theta = 1/3,
thetas = 1,
p =2,

q = 0.5,

breakpoints =

int.method =
plot = TRUE

Arguments

formula
dataset

data.fuzzified

sig
method

distance. type

index.var

theta

thetas

breakpoints

int.method
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NA,

100,

"int.simpson”,

a description of the model to be fitted.
the data frame containing all the variables of the model.

the fuzzified data set constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix.

a numerical value representing the significance level of the test.

"non

the choices are the following: "distance",

non

exact", "approximation".

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",

"wabl", "DSGD", "DSGD.G", "GSGD".

the column index of the considered variable for which the output will be printed.
It is an argument of the Mult-FANOVA models by the exact and the approxima-
tion methods only.

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

the method of numerical integration. It is set by default to the Simpson method,
i.e. int.method="int.simpson".
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plot fixed by default to "TRUE". plot="FALSE" if a plot of the fuzzy number is not
required.

Value

Returns a list of all the arguments of the function, the total, treatment and residuals sums of squares,
the coefficients of the model, the test statistics with the corresponding p-values, and the decision
made.

Examples

mat <- matrix(c(2,2,1,1,2,2,2,2,2,2,2,2,2,2,2,1,1,1,1,2,3,4,4,3,1,2,5,4,4,3),ncol=3)
data <- data.frame(mat)

MF131 <- TrapezoidalFuzzyNumber(0,1,1,2)

MF132 <- TrapezoidalFuzzyNumber(1,2,2,3)

MF133 <- TrapezoidalFuzzyNumber(2,3,3,4)

MF134 <- TrapezoidalFuzzyNumber(3,4,4,5)

MF135 <- TrapezoidalFuzzyNumber(4,5,5,6)

PA13 <- ¢(1,2,3,4,5); mi <- 1; si <- 3

Yfuzz <- FUZZ(data,1,3,PA13)

attach(data)

formula <- X3 ~ X1 + X2

res <- FMANOVA(formula, data, Yfuzz, method = "distance”, distance.type = "wabl")
detach(data)

FMANOVA . approximation Computes a Mult-FANOVA model by an approximation

Description

Computes a Mult-FANOVA model by an approximation

Usage

FMANOVA. approximation(
formula,
dataset,
data.fuzzified,
sig = 0.05,
breakpoints = 100,
index.var = NA,
int.method = "int.simpson”,
plot = TRUE
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Arguments
formula a description of the model to be fitted.
dataset the data frame containing all the variables of the model.

data.fuzzified the fuzzified data set constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix.

sig a numerical value representing the significance level of the test.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

index.var the column index of the considered variable for which the output will be printed.
It is an argument of the Mult-FANOVA models by the exact and the approxima-
tion methods only.

int.method the method of numerical integration. It is set by default to the Simpson method,
i.e. int.method="int.simpson".
plot fixed by default to "TRUE". plot="FALSE" if a plot of the fuzzy number is not
required.
Value

Returns a list of all the arguments of the function, the total, treatment and residuals sums of squares,
the coefficients of the model, the test statistics with the corresponding p-values, and the decision
made.

FMANOVA.distance Computes a Mult-FANOVA model by a convenient metric

Description

Computes a Mult-FANOVA model by a convenient metric

Usage

FMANOVA.distance(
formula,
dataset,
data.fuzzified,
distance. type,

sig = 0.05,
i=1,
j=1,
theta = 1/3,
thetas = 1,
p =2,

q = 0.5,

breakpoints = 100
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Arguments

formula
dataset

data.fuzzified

distance. type

sig

theta

thetas

breakpoints

Value

FMANOVA.exact

a description of the model to be fitted.
the data frame containing all the variables of the model.

the fuzzified data set constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix.

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

a numerical value representing the significance level of the test.

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Returns a list of all the arguments of the function, the total, treatment and residuals sums of squares,
the coefficients of the model, the test statistics with the corresponding p-values, and the decision

made.

FMANOVA.exact

Computes a Mult-FANOVA model by an exact calculation

Description

Computes a Mult-FANOVA model by an exact calculation
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Usage

FMANOVA . exact(
formula,
dataset,
data.fuzzified,
sig = 0.05,
breakpoints = 100,
int.method = "int.simpson”,
index.var = NA,
plot = TRUE

Arguments

formula a description of the model to be fitted.
dataset the data frame containing all the variables of the model.

data.fuzzified the fuzzified data set constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix.

sig a numerical value representing the significance level of the test.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

int.method the method of numerical integration. It is set by default to the Simpson method,
i.e. int.method="int.simpson".

index.var the column index of the considered variable for which the output will be printed.
It is an argument of the Mult-FANOVA models by the exact and the approxima-
tion methods only.

plot fixed by default to "TRUE". plot="FALSE" if a plot of the fuzzy number is not
required.

Value

Returns a list of all the arguments of the function, the total, treatment and residuals sums of squares,
the coefficients of the model, the test statistics with the corresponding p-values, and the decision
made.

FMANOVA. interaction. summary

Prints the summary of the estimation of the interaction in a Mult-
FANOVA metric-based model

Description

Prints the summary of the estimation of the interaction in a Mult-FANOVA metric-based model
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Usage

FMANOVA.interaction.summary(res)

Arguments

res a result of a call of the function FMANOVA, where method = "distance".

Value

Returns a list of summary statistics of the estimated model given in res, shown in a FANOVA table.
In addition, the F-statistics with their p-values, and the decision are given.

FMANOVA. summary Prints the summary of the estimation of a Mult-FANOVA metric-based
model

Description

Prints the summary of the estimation of a Mult-FANOVA metric-based model

Usage
FMANOVA. summary(res)

Arguments

res a result of a call of the function FMANOVA, where method = "distance".

Value

Returns a list of summary statistics of the estimated model given in res, shown in a FANOVA table.
In addition, the F-statistics with their p-values, and the decision are given.

Ftests Calculates multiple tests corresponding to the fuzzy response variable

Description

Calculates multiple tests corresponding to the fuzzy response variable

Usage

Ftests(test)

Arguments

test a result of a call of the function FMANOVA.
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Value

Returns a table of the following different indicators "Wilks","F-Wilks", "Hotelling-Lawley trace"
and "Pillai Trace".

Examples

mat <- matrix(c(2,2,1,1,2,2,2,2,2,2,2,2,2,2,2,1,1,1,1,2,3,4,4,3,1,2,5,4,4,3),ncol=3)
data <- data.frame(mat)

MF131 <- TrapezoidalFuzzyNumber(0,1,1,2)

MF132 <- TrapezoidalFuzzyNumber(1,2,2,3)

MF133 <- TrapezoidalFuzzyNumber(2,3,3,4)

MF134 <- TrapezoidalFuzzyNumber(3,4,4,5)

MF135 <- TrapezoidalFuzzyNumber(4,5,5,6)

PA13 <- ¢(1,2,3,4,5); mi <- 1; si <- 3

Yfuzz <- FUZZ(data,1,3,PA13)

attach(data)

formula <- X3 ~ X1 + X2

res <- FMANOVA(formula, data, Yfuzz, method = "distance”, distance.type = "wabl")

Ftests(res)
detach(data)
FTukeyHSD Calculates the Tukey HSD test corresponding to the fuzzy response
variable
Description

Calculates the Tukey HSD test corresponding to the fuzzy response variable

Usage

FTukeyHSD(test, variable, cont = c(1, -1), conf.level = 0.95)

Arguments
test a result of a call of the function FMANOVA.
variable the name of a variable in the data set.
cont the contrasts of the model. It is set by default to c(1,-1).
conf.level the confidence level of the test. It is set by default to 0.95.
Value

Returns a table of comparisons of means of the different levels of a given factor, two by two. The
table contains the means of populations, the lower and upper bounds of the confidence intervals,
and their p-values.
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Examples

mat <- matrix(c(2,2,1,1,2,2,2,2,2,2,2,2,2,2,2,1,1,1,1,2,3,4,4,3,1,2,5,4,4,3),ncol=3)
data <- data.frame(mat)

MF131 <- TrapezoidalFuzzyNumber(0,1,1,2)

MF132 <- TrapezoidalFuzzyNumber(1,2,2,3)

MF133 <- TrapezoidalFuzzyNumber(2,3,3,4)

MF134 <- TrapezoidalFuzzyNumber(3,4,4,5)

MF135 <- TrapezoidalFuzzyNumber(4,5,5,6)

PA13 <- ¢(1,2,3,4,5); mi <- 1; si <- 3

Yfuzz <- FUZZ(data,1,3,PA13)

attach(data)

formula <- X3 ~ X1 + X2

res <- FMANOVA(formula, data, Yfuzz, method = "distance”, distance.type = "wabl")
FTukeyHSD(res, "X1")[[11]

detach(data)
FUzz Fuzzifies a variable modelled by trapezoidal or triangular fuzzy num-
bers
Description

Fuzzifies a variable modelled by trapezoidal or triangular fuzzy numbers

Usage

FUZZ(data, mi, si, PA)

Arguments
data a data set.
mi the index of the main-item containing the concerned variable.
si the index of the sub-item of a given main-item mi.
PA a vector of the linguistic terms of the considered variable.
Value

A fuzzification matrix composed by 4 columns c(p,q,r,s), and m lines, i.e. number of observations.
No NA is allowed.

Examples

data <- matrix(c(1,2,3,2,2,1,1,3,1,2),ncol=1)
MF111 <- TrapezoidalFuzzyNumber(0,1,1,2)

MF112 <- TrapezoidalFuzzyNumber(1,2,2,3)

MF113 <- TrapezoidalFuzzyNumber(2,3,3,3)

PA11 <- ¢(1,2,3)

data.fuzzified <- FUZZ(data,mi=1,si=1,PA=PA11)
is.trfuzzification(data.fuzzified)
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Fuzzy.CI.ML.test

Computes a fuzzy inference test by the fuzzy confidence intervals
method calculated by the Likelihood method

Description

Computes a fuzzy inference test by the fuzzy confidence intervals method calculated by the Likeli-

hood method

Usage

Fuzzy.CI.ML.test(
data.fuzzified,

Ho,
H1,
t,
mu = NA,
sigma = NA,
sig,
distribution,
coef.boot,
distance. type
i=1,
i=T,
theta = 1/3,
thetas = 1,
p = 2:
q = 0.5,
breakpoints =
step = 0.05,
margin = c(5,
plot = TRUE
)
Arguments

data.fuzzified

Ho

H1

mu

= "DSGD",

100,

a fuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.
a given numerical or fuzzy type parameter of the distribution.

if the mean of the normal distribution is known, mu should be a numerical value.
Otherwise, the argument mu is fixed to NA.
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sigma
sig
distribution

coef.boot

distance.type

theta

thetas

breakpoints

step

margin

plot

Value

Fuzzy.CI.ML.test

if the standard deviation of the normal distribution is known, sigma should be a
numerical value. Otherwise, the argument sigma is fixed to NA.

a numerical value representing the significance level of the test.
a distribution chosen between "normal", "poisson”, "Student" or "Logistic".
a decimal representing the 1-sig-quantile of the bootstrap distribution of LR.

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
L.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

a numerical value fixed to 0.05, defining the step of iterations on the interval
[t-5; t+5].

an optional numerical couple of values fixed to [5; 5], representing the range of
calculations around the parameter t.

fixed by default to "FALSE". plot="FALSE" if a plot of the fuzzy number is not
required.

Returns a list composed by the arguments, the fuzzy confidence intervals, the fuzzy decisions, the
defuzzified values and the decision made.

Examples

data <- matrix(c(1,2,3,2,2,1,1,3,1,2),ncol=1)
MF111 <- TrapezoidalFuzzyNumber(@,1,1,2)
MF112 <- TrapezoidalFuzzyNumber(1,2,2,3)
MF113 <- TrapezoidalFuzzyNumber(2,3,3,4)

PA11 <- c(1,2,3)

data.fuzzified <- FUZZ(data,mi=1,si=1,PA=PA11)
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Fmean <- Fuzzy.sample.mean(data.fuzzified)

HO <- TriangularFuzzyNumber(2.2,2.5,3)

H1 <- TriangularFuzzyNumber(2.5,2.5,5)

coef.boot <- 3.494829

(res <- Fuzzy.CI.ML.test(data.fuzzified, HOQ, H1, t = Fmean, sigma=0.7888,
coef.boot = coef.boot, sig=0.05, distribution="normal”, distance.type="GSGD"))

res$decision

Fuzzy.CI.test

Computes a fuzzy inference test by the traditional fuzzy confidence in-
tervals

Description

Computes a fuzzy inference test by the traditional fuzzy confidence intervals

Usage

Fuzzy.CI.test(
type,
Ho,
H1,
t,
s.d,
n,
sig,
distribution

’

distance.type = "DSGD",

i=1,
j=1,
theta = 1/3,
thetas = 1,
p =2,

q = 0.5,
breakpoints
plot = TRUE

Arguments

type
HO

H1

100,

a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a given numerical or fuzzy type parameter of the distribution.
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s.d

n

sig
distribution

distance. type

theta

thetas

breakpoints

plot

Value

Fuzzy.Cl.test

a numerical value for the standard deviation of the distribution.

the total number of observations of the data set.

a numerical value representing the significance level of the test.

a distribution chosen between "normal"”, "poisson”, "Student" or "Logistic".

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

a logical rule "TRUE" or "FALSE" for defining whether to plot the correspond-
ing graphs or not.

Returns a list composed by the arguments, the fuzzy confidence intervals, the fuzzy decisions, the
defuzzified values and the decision made.

Examples

HO <- TriangularFuzzyNumber(2.9,3,3.1)

H1 <- TriangularFuzzyNumber(3,3,5)

res <- Fuzzy.CI.test(type = @, HO, H1, t = TriangularFuzzyNumber(0.8,1.80,2.80), s.d =0.79,
n =10, sig = 0.05, distribution = "normal”, distance.type="GSGD")
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Fuzzy.decisions Computes the fuzzy decisions of a fuzzy inference test by the traditional
fuzzy confidence intervals

Description

Computes the fuzzy decisions of a fuzzy inference test by the traditional fuzzy confidence intervals

Usage
Fuzzy.decisions(
type,
Ho,
H1,
t,
s.d,
n ’
sig,
distribution,
distance.type = "DSGD",
i=1,
i=1,
theta = 1/3,
thetas = 1,
p =2,
q= 0.5,
breakpoints = 100
)
Arguments
type a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.
Ho a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.
H1 a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.
t a given numerical or fuzzy type parameter of the distribution.
s.d a numerical value for the standard deviation of the distribution.
n the total number of observations of the data set.
sig a numerical value representing the significance level of the test.

distribution a distribution chosen between "normal", "poisson”, "Student" or "Logistic".

distance.type type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".
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i parameter of the density function of the Beta distribution, fixed by default to i =
1.

j parameter of the density function of the Beta distribution, fixed by default to j =
1.

theta a numerical value between O and 1, representing a weighting parameter. By

default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

thetas a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

p a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

q a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build

the numerical alpha-cuts. It is fixed to 100 by default.

Value

Returns a list composed by the arguments, the fuzzy confidence intervals and their complements,
the fuzzy decisions and the defuzzified values.

Examples

HO <- alphacut(TriangularFuzzyNumber(2.9,3,3.1), seq(0,1, 0.01))

H1 <- alphacut(TriangularFuzzyNumber(3,3,5), seq(0,1,0.01))

t <- alphacut(TriangularFuzzyNumber(0.8,1.80,2.80), seq(0,1,0.01))

res <- Fuzzy.decisions(type = @, H0, H1, t = t, s.d = 0.79, n = 10, sig = 0.05,
distribution = "normal”, distance.type = "GSGD")

Fuzzy.decisions.ML Computes the fuzzy decisions of a fuzzy inference test by the fuzzy con-
fidence intervals by the likelihood method

Description

Computes the fuzzy decisions of a fuzzy inference test by the fuzzy confidence intervals by the
likelihood method

Usage

Fuzzy.decisions.ML(
data.fuzzified,
Ho,

H1,
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distance.type = "DSGD",

100,

Fuzzy.decisions.ML
t,
coef.boot,
mu = NA,
sigma = NA,
sig,
distribution
i=1,
i=T1,
theta = 1/3,
thetas = 1,
p =2,

q = 0.5,
breakpoints
step = 0.05,
margin = c(5, 5),
plot = FALSE
)
Arguments

data.fuzzified

Ho

H1

t
coef.boot

mu
sigma
sig

distribution

distance. type

theta

a fuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a given numerical or fuzzy type parameter of the distribution.

a decimal representing the 1-sig-quantile of the bootstrap distribution of LR.

if the mean of the normal distribution is known, mu should be a numerical value.
Otherwise, the argument mu is fixed to NA.

if the standard deviation of the normal distribution is known, sigma should be a
numerical value. Otherwise, the argument sigma is fixed to NA.

a numerical value representing the significance level of the test.
a distribution chosen between "normal”, "poisson”, "Student" or "Logistic".

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.
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thetas

breakpoints

step

margin

plot

Value

Fuzzy.Difference

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

a numerical value fixed to 0.05, defining the step of iterations on the interval
[t-5; t+5].

an optional numerical couple of values fixed to [5; 5], representing the range of
calculations around the parameter t.

fixed by default to "FALSE". plot="FALSE" if a plot of the fuzzy number is not
required.

Returns a list composed by the arguments, the fuzzy confidence intervals, the fuzzy decisions, the
defuzzified values and the decision made.

Examples

data <- matrix(c(1,2,3,2,2,1,1,3,1,2),ncol=1)
MF111 <- TrapezoidalFuzzyNumber(@,1,1,2)
MF112 <- TrapezoidalFuzzyNumber(1,2,2,3)
MF113 <- TrapezoidalFuzzyNumber(2,3,3,4)

PAT1 <- c(1,2,3)

data.fuzzified <- FUZZ(data,mi=1,si=1,PA=PA11)

HO <- alphacut(TriangularFuzzyNumber(2.9,3,3.1), seq(@,1, 0.01))

H1 <- alphacut(TriangularFuzzyNumber(3,3,5), seq(0,1,0.01))

t <- alphacut(TriangularFuzzyNumber(0.8,1.80,2.80), seq(0,1,0.01))

coef.boot <- 3.470085

res <- Fuzzy.decisions.ML(data.fuzzified, HO@, H1, t = t, coef.boot = coef.boot,
sigma = 0.79, sig = 0.05, distribution = "normal”, distance.type = "GSGD")

Fuzzy.Difference

Calculates the difference between two fuzzy numbers

Description

Calculates the difference between two fuzzy numbers

Usage

Fuzzy.Difference(X, Y, alphacuts = FALSE, breakpoints = 100)
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Arguments
X a fuzzy number of any type.
Y a fuzzy number of any type.
alphacuts fixed by default to "FALSE". No alpha-cuts are printed in this case.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
Value

If the parameter alphacuts="TRUE", the function returns a matrix composed by 2 vectors repre-
senting the left and right alpha-cuts. For this output, is.alphacuts = TRUE. If the parameter alpha-
cuts="FALSE", the function returns a trapezoidal fuzzy number given by the quadruple (p,q.r,s),
suchthatp < q<r<s.

Examples

X <- TrapezoidalFuzzyNumber(5,6,7,8)
Y <- TrapezoidalFuzzyNumber(1,2,3,4)
Fuzzy.Difference(X,Y)

Fuzzy.exact.variance Calculates the exact variance

Description

Calculates the exact variance

Usage

Fuzzy.exact.variance(data.fuzzified, breakpoints = 100, plot = FALSE)

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
plot fixed by default to "FALSE". plot="TRUE" if a plot of the fuzzy number is
required.
Value

The numerical alpha-cuts of the estimated fuzzy variance.
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Fuzzy.exact.variance.poly.left

Gives the polynomial forms of the numerical alpha-cuts modelling the
exact variance

Description

Gives the polynomial forms of the numerical alpha-cuts modelling the exact variance

Usage

Fuzzy.exact.variance.poly.left(data.fuzzified, breakpoints = 100)

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
Value

A table composed by the coefficients of the second order equations of the left side, given at the
corresponding definitions domains.

Fuzzy.exact.variance.poly.right
Gives the polynomial forms of the numerical alpha-cuts modelling the
exact variance

Description

Gives the polynomial forms of the numerical alpha-cuts modelling the exact variance

Usage

Fuzzy.exact.variance.poly.right(data.fuzzified, breakpoints = 100)

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
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A table composed by the coefficients of the second order equations of the right side, given at the
corresponding definitions domains.

Fuzzy.p.value

Computes the fuzzy p-value of a given fuzzy hypothesis test

Description

Computes the fuzzy p-value of a given fuzzy hypothesis test

Usage

Fuzzy.p.value(

type
HO,
H1,
t,
s.d
n,
sig,

distribution,

’

:']’

distance.type = "DSGD",

i =
j =
thet
thet
p:
q:

1,
1,
a =
as =
2,
0.5,

1/3,
1,

breakpoints = 100

Arguments

type
HO

H1

a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a given numerical or fuzzy type parameter of the distribution.
a numerical value for the standard deviation of the distribution.
the total number of observations of the data set.

a numerical value representing the significance level of the test.
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distribution

distance. type

theta

thetas

breakpoints

Value

Fuzzy.p.value.mean

a distribution chosen between "normal", "poisson”, "Student" or "Logistic".

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Returns the defuzzified p-value and the decision made.

Examples

HO <- TriangularFuzzyNumber(2.2,2.5,3)

H1 <- TriangularFuzzyNumber(2.5,2.5,5)

Fuzzy.p.value(type=1, H@, H1, t=TriangularFuzzyNumber(0.8,1.8,2.8),
s.d=0.7888, n=10, sig=0.05, distribution="normal”, distance.type="GSGD")

Fuzzy.p.value.mean Computes the fuzzy p-value of a given fuzzy hypothesis test for the

mean

Description

Computes the fuzzy p-value of a given fuzzy hypothesis test for the mean
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Fuzzy.p.value.mean(
data.fuzzified,

type,
HO,

H1,
s.d=1,
sig,

distribution,

distance.type = "DSGD",

i=1,
i=T,
theta =
thetas = 1,
p=2,

q = 0.5,
breakpoints

Arguments

1/3,

100

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function

type
HoO
H1
s.d
sig

distribution
distance. type

theta

thetas

GFUZZ, or a similar matrix. No NA are allowed.

a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a numerical value for the standard deviation of the distribution.
a numerical value representing the significance level of the test.
a distribution chosen between "normal", "poisson” or "Student".

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",

"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.
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p a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

q adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Value

Returns the defuzzified p-value and the decision made.

Examples

data <- matrix(c(1,2,3,2,2,1,1,3,1,2),ncol=1)

MF111 <- TrapezoidalFuzzyNumber(0,1,1,2)

MF112 <- TrapezoidalFuzzyNumber(1,2,2,3)

MF113 <- TrapezoidalFuzzyNumber(2,3,3,4)

PA11 <- ¢(1,2,3)

data.fuzzified <- FUZZ(data,mi=1,si=1,PA=PA11)

HO <- TriangularFuzzyNumber(2.2,2.5,3)

H1 <- TriangularFuzzyNumber(2.5,2.5,5)
Fuzzy.p.value.mean(data.fuzzified, type=1, HO, H1, s.d=0.7888, sig=0.05,
distribution="normal"”, distance.type="GSGD")

fuzzy.predicted.values
Calculates the fuzzy predicted values

Description

Calculates the fuzzy predicted values

Usage

fuzzy.predicted.values(dataset, coef.model)

Arguments
dataset the data frame containing all the variables of the model.
coef.model the coefficients of the model.

Value

Returns a matrix containing the alpha-cuts of the fuzzy prediced values.
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fuzzy.residuals Calculates the fuzzy residuals

Description

Calculates the fuzzy residuals

Usage

fuzzy.residuals(data.fuzzified, predicted.values)

Arguments

data.fuzzified the fuzzified data set constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix.

predicted.values
the fuzzy predicted values constructed by a call to the function FUZZ or the
function GFUZZ, or a similar matrix.

Value

Returns a matrix containing the alpha-cuts of the fuzzy residuals.

Fuzzy.sample.mean Calculates the fuzzy sample mean

Description

Calculates the fuzzy sample mean

Usage

Fuzzy.sample.mean(data.fuzzified, breakpoints = 100, alphacuts = FALSE)

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

alphacuts fixed by default to "FALSE". No alpha-cuts are printed in this case.
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Value

If the parameter alphacuts="TRUE", the function returns a matrix composed by 2 vectors repre-
senting the numerical left and right alpha-cuts. For this output, is.alphacuts = TRUE. If the param-
eter alphacuts="FALSE", the function returns a trapezoidal fuzzy number given by the quadruple
(P.q.15)-

Examples

mat <- matrix(c(1,2,2,3,3,4,4,5), ncol =4)
Fuzzy.sample.mean(mat)

Fuzzy.sample.variance.approximation
Fuzzy sample variance (approx) - general

Description

Fuzzy sample variance (approx) - general

Usage

Fuzzy.sample.variance.approximation(data.fuzzified, appro.id)

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

appro.id an integer between 1 and 5 giving the method of approximation chosen.

Value

A numerical value.

Fuzzy.sample.variance.approximationi
Fuzzy sample variance (approx) - method 1

Description

Fuzzy sample variance (approx) - method 1

Usage

Fuzzy.sample.variance.approximationl(data.fuzzified)
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Arguments
data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.
Value

A numerical value.

Fuzzy.sample.variance.approximation2
Fuzzy sample variance (approx) - method 2

Description

Fuzzy sample variance (approx) - method 2

Usage

Fuzzy.sample.variance.approximation2(data.fuzzified)

Arguments
data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.
Value

A numerical value.

Fuzzy.sample.variance.approximation3
Fuzzy sample variance (approx) - method 3

Description

Fuzzy sample variance (approx) - method 3

Usage

Fuzzy.sample.variance.approximation3(data.fuzzified)

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.
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Value

A numerical value.

Fuzzy.sample.variance.approximation4
Fuzzy sample variance (approx) - method 4

Description

Fuzzy sample variance (approx) - method 4

Usage

Fuzzy.sample.variance.approximation4(data.fuzzified)

Arguments
data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.
Value

A numerical value.

Fuzzy.sample.variance.approximation5
Fuzzy sample variance (approx) - method 5

Description

Fuzzy sample variance (approx) - method 5

Usage

Fuzzy.sample.variance.approximation5(data.fuzzified)

Arguments
data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.
Value

A numerical value.
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Fuzzy.Square Calculates numerically the square of a fuzzy number

Description

Calculates numerically the square of a fuzzy number

Usage
Fuzzy.Square(F1L, breakpoints = 100, plot = FALSE)

Arguments
F1L a fuzzy number.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
plot fixed by default to "FALSE". plot="TRUE" if a plot of the fuzzy number is
required.
Value

A matrix composed by 2 vectors representing the numerical left and right alpha-cuts. For this
output, is.alphacuts = TRUE.

Examples

X <- TrapezoidalFuzzyNumber(1,2,3,4)
Fuzzy.Square(X, plot=TRUE)

Fuzzy.Square.poly.left
Gives the polynomial expression of the left alpha-levels of the numer-
ical square of a fuzzy number

Description

Gives the polynomial expression of the left alpha-levels of the numerical square of a fuzzy number

Usage
Fuzzy.Square.poly.left(F1L, breakpoints = 100)

Arguments
F1L a fuzzy number.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build

the numerical alpha-cuts. It is fixed to 100 by default.
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Value

A table containing print the related polynoms at the corresponding definition domains.

Examples

X <- TrapezoidalFuzzyNumber(1,2,3,4)
Fuzzy.Square.poly.left(X)

Fuzzy.Square.poly.right
Gives the polynomial expression of the right alpha-levels of the nu-
merical square of a fuzzy number

Description

Gives the polynomial expression of the right alpha-levels of the numerical square of a fuzzy number

Usage

Fuzzy.Square.poly.right(F1L, breakpoints = 100)

Arguments
F1L a fuzzy number.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
Value

A table containing print the related polynoms at the corresponding definition domains.

Examples

X <- TrapezoidalFuzzyNumber(1,2,3,4)
Fuzzy.Square.poly.right(X)



Fuzzy.variance

53

Fuzzy.variance

Calculates the variance by a chosen method: distance, exact or ap-
proximation

Description

Calculates the variance by a chosen method: distance, exact or approximation

Usage

Fuzzy.variance(

data.fuzzified,

method,
dist.type =
i=1,
i=T,
theta = 1/3,
thetas = 1,
p =2,
q = 0.5,
breakpoints =
int.method =
plot = FALSE
)
Arguments

data.fuzzified

method

dist.type

theta

thetas

n DSGD n ,

100,

"int.simpson”,

a fuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

non non

choices are the following: "distance", "exact", "approximationl", "approxi- ma-
tion2", "approximation3", "approximation4", "approximation5".

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",

"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.
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p a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

q adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, q is fixed to 0.5.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

int.method the integration method could be one of the following four methods: "int.0",
"int.t", "int.ct" and "int.simpson".

plot fixed by default to "FALSE". plot="TRUE" if a plot of the fuzzy number is
required.

Value

If the parameter method = "distance", returns a numerical value. If else, returns the numerical
a-cuts of the estimated fuzzy variance.

Examples

data <- matrix(c(1,2,3,2,2,1,1,3,1,2),ncol=1)

MF111 <- TrapezoidalFuzzyNumber(0,1,1,2)

MF112 <- TrapezoidalFuzzyNumber(1,2,2,3)

MF113 <- TrapezoidalFuzzyNumber(2,3,3,3)

PA11 <- ¢(1,2,3)

data.fuzzified <- FUZZ(data,mi=1,si=1,PA=PA11)
Fuzzy.variance(data.fuzzified, method = "approximation5"”, plot=TRUE)
Fuzzy.variance(data.fuzzified, method = "distance”)

GaussianBellFuzzyNumber

Creates a Gaussian two-sided bell fuzzy number

Description

Creates a Gaussian two-sided bell fuzzy number

Usage

GaussianBellFuzzyNumber (
left.mean,
left.sigma,
right.mean,
right.sigma,
alphacuts = FALSE,
margin = c(5, 5),
step = 0.01,
breakpoints = 100,
precision = 4,
plot = FALSE
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Arguments
left.mean a numerical value of the parameter mu of the left Gaussian curve.
left.sigma a numerical value of the parameter sigma of the left Gaussian curve.
right.mean a numerical value of the parameter mu of the right Gaussian curve.
right.sigma a numerical value of the parameter sigma of the right Gaussian curve.
alphacuts fixed by default to "FALSE". No alpha-cuts are printed in this case.
margin an optional numerical couple of values representing the range of calculations of
the Gaussian curve written as [mean - 3*sigma; mean + 3*sigma] by default.
step a numerical value fixing the step between two knots dividing the interval [mean
- 3*sigma; mean + 3*sigma].
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
precision an integer specifying the number of decimals for which the calculations are
made. These latter are set by default to be at the order of 1/10"4 .
plot fixed by default to "FALSE". plot="TRUE" if a plot of the fuzzy number is
required.
Value

If the parameter alphacuts="TRUE", the function returns a matrix composed by 2 vectors repre-
senting the left and right alpha-cuts. For this output, is.alphacuts = TRUE. If the parameter alpha-
cuts="FALSE", the function returns a list composed by the Class, the mean, the sigma, the vectors
of the left and right alpha-cuts.

Examples

GBFN <- GaussianBellFuzzyNumber(left.mean = -1, left.sigma =1,
right.mean = 2, right.sigma = 1, alphacuts = TRUE, plot=TRUE)
is.alphacuts(GBFN)

GaussianFuzzyNumber Creates a Gaussian fuzzy number

Description

Creates a Gaussian fuzzy number

Usage

GaussianFuzzyNumber (
mean,
sigma,
alphacuts = FALSE,
margin = c(5, 5),
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step = 0.01,

GFUZZ

breakpoints = 100,

precision

plot = FALSE

Arguments

mean
sigma
alphacuts

margin

step

breakpoints

precision

plot

Value

4,

a numerical value of the parameter mu of the Gaussian curve.
a numerical value of the parameter sigma of the Gaussian curve.
fixed by default to "FALSE". No alpha-cuts are printed in this case.

an optional numerical couple of values representing the range of calculations of
the Gaussian curve written as [mean - 3*sigma; mean + 3*sigma] by default.

a numerical value fixing the step between two knots dividing the interval [mean
- 3*sigma; mean + 3*sigma].

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

an integer specifying the number of decimals for which the calculations are
made. These latter are set by default to be at the order of 1/1074 .

fixed by default to "FALSE". plot="TRUE" if a plot of the fuzzy number is
required.

If the parameter alphacuts="TRUE", the function returns a matrix composed by 2 vectors repre-
senting the left and right alpha-cuts. For this output, is.alphacuts = TRUE. If the parameter alpha-
cuts="FALSE", the function returns a list composed by the Class, the mean, the sigma, the vectors
of the left and right alpha-cuts.

Examples

GFN <- GaussianFuzzyNumber(mean = @, sigma = 1, alphacuts = TRUE, plot=TRUE)

is.alphacuts(GFN)

GFUZZ

Fuzzifies a variable modelled by any type of fuzzy numbers

Description

Fuzzifies a variable modelled by any type of fuzzy numbers

Usage

GFUZZ(data, mi, si, PA, spec = "Identical”, breakpoints = 100)
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Arguments
data a data set.
mi the index of the main-item containing the concerned variable.
si the index of the sub-item of a given main-item mi.
PA a vector of the linguistic terms of the considered variable.
spec specification of the fuzzification matrix. The possible values are "Identical" and
"Not Identical".
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. breakpoints is fixed to 100 by default.
Value

A numerical fuzzification array of 3 dimensions (m,n,2), with m lines, n columns and no NA.

Examples

data <- matrix(c(1,2,3,2,2,1,1,3,1,2),ncol=1)
MF111 <- TrapezoidalFuzzyNumber(0,1,1,2)

MF112 <- TrapezoidalFuzzyNumber(1,2,2,3)

MF113 <- TrapezoidalFuzzyNumber(2,3,3,3)

PA11 <- ¢(1,2,3)

data.fuzzified <- GFUZZ(data,mi=1,si=1,PA=PA11)

GLOB.EVAL Calculates the global evaluation of a linguistic questionnaire

Description

Calculates the global evaluation of a linguistic questionnaire

Usage

GLOB.EVAL(
Full_Database,
MI,
bmi,
ST,
b_jkt,
p_ind = rep(1/nrow(Full_Database), nrow(Full_Database)),
distance. type,

i=1,
i=1,
theta = 1/3,
thetas = 1,
p =2,

q = 0.5,

breakpoints = 100



Arguments

Full_Database
MI

bmi
SI
b_jkt

p_ind

distance. type

theta

thetas

q
breakpoints

Value

GLOB.EVAL

the data set to evaluate.

a numerical value representing the total number of main-items dividing the lin-
guistic questionnaire.

an array referring to the initial weights of the main-items.
an array representing the total numbers of sub-items per main-item.

a matrix of MI rows and max(SI) columns expressing the initial weights of each
sub-item of a given main-item.

a vector of the relative sampling weights of the units, for which length(p;nd) =
nrow(data). If the weights are not relative, the following expression should be

applied on the vector:
Pind

Z?:l Pind )
If no sampling weights are used, the vector of weights is reduced to a vector of
values 1, i.e. rep(1, nrow(data)).

type of distance chosen from the family of distances, set by default to the signed
distance. The different choices are given by: "Rhol", "Rho2", "Bertoluzza",
"Rhop", "Delta.pq", "Mid/Spr", "wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
L.

parameter of the density function of the Beta distribution, fixed by default to j =
L.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

A data set of individual evaluations, for which the number of observations is exactly the same as

the initial data set.

Examples

data <- matrix(c(3,4,2,3,3,2,4,3,3,4,3,4,4,2,5,3,4,4,3,3,3,4,4,3,
3,3,4,3,3,3,3,4,4,3,5,3,4,3,3,3), ncol = 4)
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data <- as.data.frame(data)

b_jk <- matrix(c(0.5,0.5,0.5,0.5),nrow=2)

MI <- 2
SI1 <- 2

SI2 <= 2

SI <- c(SI1,SI2)

b_j <- ¢(1/2,1/2)
PA1T <- c(1,2,3,4,5)
PA12 <- c(1,2,3,4,5)
PA21 <- c(1,2,3,4,5)
PA22 <- c(1,2,3,4,5)
# __________________

MF111 <- TrapezoidalFuzzyNumber(@,2,2,7)
MF112 <- TrapezoidalFuzzyNumber(2,7,7,15)
MF113 <- TrapezoidalFuzzyNumber(7,15,15,23)
MF114 <- TrapezoidalFuzzyNumber(15,23,23,28)
MF115 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF11 <- GFUZZ(data, 1, 1, PA11, spec="Identical”, breakpoints

100)

MF121 <- TrapezoidalFuzzyNumber(0,2,2,7)

MF122 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF123 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF124 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF125 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF12 <- GFUZZ(data, 1, 2, PA12, spec="Identical”, breakpoints = 100)

MF211 <- TrapezoidalFuzzyNumber(0,2,2,7)
MF212 <- TrapezoidalFuzzyNumber(2,7,7,15)
MF213 <- TrapezoidalFuzzyNumber(7,15,15,23)
MF214 <- TrapezoidalFuzzyNumber(15,23,23,28)
MF215 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF21 <- GFUZZ(data, 2, 1, PA21, spec="Identical”, breakpoints

100)

MF221 <- TrapezoidalFuzzyNumber(0,2,2,7)

MF222 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF223 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF224 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF225 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF22 <- GFUZZ(data, 2, 2, PA22, spec="Identical”, breakpoints = 100)

range <- matrix(c(o,9,0,0,28,28,28,28), ncol=2)
ind.eval <- IND.EVAL(data,MI,b_j,SI,b_jk, range = range, distance.type ="DSGD.G")
GLOB <- GLOB.EVAL(data, MI, b_j, SI, b_jk, distance.type ="GSGD")
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GLOB.EVAL .mean

Calculates the weighted mean of the set of individual evaluations

Description

Calculates the weighted mean of the set of individual evaluations



60 GLOB.EVAL.mean

Usage
GLOB.EVAL.mean(ind.eval, weight = rep(1, length(ind.eval)))

Arguments
ind.eval the set of individual evaluations.
weight a vector of the relative sampling weights of the units, for which length(weight) =
length(ind.eval), set by default to rep(1, length(ind.eval)).
Value
An integer.
Examples

data <- matrix(c(3,4,2,3,3,2,4,3,3,4,3,4,4,2,5,3,4,4,3,3,3,4,4,3,
3,3,4,3,3,3,3,4,4,3,5,3,4,3,3,3), ncol = 4)
data <- as.data.frame(data)

MI <- 2

SIT <- 2

SI2 <- 2

SI <- c¢(SI1,SI2)

b_j <= c(1/2,1/2)

b_jk <- matrix(c(0.5,0.5,0.5,0.5),nrow=2)
PA11 <- ¢(1,2,3,4,5)

PA12 <- ¢(1,2,3,4,5)

PA21 <- ¢(1,2,3,4,5)

PA22 <- ¢(1,2,3,4,5)

MF111 <- TrapezoidalFuzzyNumber(0,2,2,7)

MF112 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF113 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF114 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF115 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF11 <- GFUZZ(data, 1, 1, PA11, spec="Identical”, breakpoints = 100)

MF121 <- TrapezoidalFuzzyNumber(@,2,2,7)

MF122 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF123 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF124 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF125 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF12 <- GFUZZ(data, 1, 2, PA12, spec="Identical”, breakpoints = 100)

MF211 <- TrapezoidalFuzzyNumber(0,2,2,7)

MF212 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF213 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF214 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF215 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF21 <- GFUZZ(data, 2, 1, PA21, spec="Identical”, breakpoints = 100)

MF221 <- TrapezoidalFuzzyNumber(0,2,2,7)
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MF222 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF223 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF224 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF225 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF22 <- GFUZZ(data, 2, 2, PA22, spec="Identical”, breakpoints = 100)

range <- matrix(c(0,9,0,0,28,28,28,28), ncol=2)
ind.eval <- IND.EVAL(data,MI,b_j,SI,b_jk, range = range, distance.type ="DSGD.G")
GLOB.mean <- GLOB.EVAL.mean(ind.eval)

GSGD

Calculates the generalized signed distance between fuzzy numbers

Description

Calculates the generalized signed distance between fuzzy numbers

Usage

GSGD(X, Y, i =

Arguments

thetas

breakpoints

Value

A numerical value.

1, j =1, thetas = 1, breakpoints = 100)

a fuzzy number.
a fuzzy number.

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
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IND.EVAL Calculates the individual evaluations of a linguistic questionnaire

Description

Calculates the individual evaluations of a linguistic questionnaire

Usage

IND.EVAL(
Full_Database,
MI,
bmi,
SI,
b_jkt,
range,
distance. type,
i=1,
j=1,
theta = 1/3,
thetas = 1,
p =2,
q = 0.5,
breakpoints = 100,
spec = "Identical”

Arguments

Full_Database the data set to evaluate.

MI a numerical value representing the total number of main-items dividing the lin-
guistic questionnaire.

bmi an array referring to the initial weights of the main-items.

SI an array representing the total numbers of sub-items per main-item.

b_jkt a matrix of MI rows and max(SI) columns expressing the initial weights of each

sub-item of a given main-item.

range a vector of 2 elements giving the range of definition of the produced individ-
ual evaluations. The range is usually chosen in the interval between O and the
maximum of the support set of all the membership functions modelling the data
set.

distance.type type of distance chosen from the family of distances, set by default to the signed
distance. The different choices are given by: "Rhol", "Rho2", "Bertoluzza",
"Rhop", "Delta.pq", "Mid/Spr", "wabl", "DSGD", "DSGD.G", "GSGD".

i parameter of the density function of the Beta distribution, fixed by default to i =
1.
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j parameter of the density function of the Beta distribution, fixed by default to j =
1.
theta a numerical value between O and 1, representing a weighting parameter. By

default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

thetas a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

p a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq.

q adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

spec specification of the fuzzification matrix. The possible values are "Identical" and
"Not Identical".

Value

A data set of individual evaluations, for which the number of observations is exactly the same as
the initial data set.

Examples

data <- matrix(c(3,4,2,3,3,2,4,3,3,4,3,4,4,2,5,3,4,4,3,3,3,4,4,3,
3,3,4,3,3,3,3,4,4,3,5,3,4,3,3,3), ncol = 4)
data <- as.data.frame(data)

MI <- 2

SIT <- 2

SI2 <- 2

SI <- ¢(SI1,SI2)

b_j <- c(1/2,1/2)

b_jk <- matrix(c(0.5,0.5,0.5,0.5),nrow=2)
PAT1 <- c(1,2,3,4,5)

PA12 <- c(1,2,3,4,5)

PA21 <- ¢(1,2,3,4,5)

PA22 <- ¢(1,2,3,4,5)

MF111 <- TrapezoidalFuzzyNumber(0,2,2,7)

MF112 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF113 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF114 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF115 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF11 <- GFUZZ(data, 1, 1, PA11, spec="Identical”, breakpoints = 100)

MF121 <- TrapezoidalFuzzyNumber(0,2,2,7)
MF122 <- TrapezoidalFuzzyNumber(2,7,7,15)
MF123 <- TrapezoidalFuzzyNumber(7,15,15,23)
MF124 <- TrapezoidalFuzzyNumber(15,23,23,28)
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MF125 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF12 <- GFUZZ(data, 1, 2, PA12, spec="Identical”, breakpoints = 100)

MF211 <- TrapezoidalFuzzyNumber(@,2,2,7)

MF212 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF213 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF214 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF215 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF21 <- GFUZZ(data, 2, 1, PA21, spec="Identical”, breakpoints

100)

MF221 <- TrapezoidalFuzzyNumber(0,2,2,7)

MF222 <- TrapezoidalFuzzyNumber(2,7,7,15)

MF223 <- TrapezoidalFuzzyNumber(7,15,15,23)

MF224 <- TrapezoidalFuzzyNumber(15,23,23,28)

MF225 <- TrapezoidalFuzzyNumber(23,28,28,30)

MF22 <- GFUZZ(data, 2, 2, PA22, spec="Identical”, breakpoints = 100)

range <- matrix(c(0,9,0,9,28,28,28,28), ncol=2)
ind.eval <- IND.EVAL(data,MI,b_j,SI,b_jk, range = range, distance.type ="DSGD.G")

int.o Numerical integration by the trivial method - method 1

Description

Numerical integration by the trivial method - method 1

Usage

int.Q(cut, a =0, b = 1)

Arguments
cut a vector.
a fixed by default to 0.
b fixed by default to 1.
Value

An integer.



int.ct

int.ct Numerical integration by the composite trapezoidal method - method
3

Description

Numerical integration by the composite trapezoidal method - method 3

Usage

int.ct(cut, a =0, b =1)

Arguments

cut a vector.

a fixed by default to 0.

b fixed by default to 1.
Value

An integer.

int.simpson Numerical integration by the Simpson method - method 4

Description

Numerical integration by the Simpson method - method 4

Usage

int.simpson(alpha, cut, a =9, b = 1)

Arguments
alpha a vector of alpha values between 0 and 1.
cut a vector.
a fixed by default to 0.
b fixed by default to 1.
Value

An integer.
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integrate.num

int.t

Numerical integration - method 2

Description

Numerical integration - method 2

Usage

int.t(alpha, cut, a =0, b =1)

Arguments

alpha
cut

a

b

Value

An integer.

a vector of alpha values between 0 and 1.
a vector.

fixed by default to 0.

fixed by default to 1.

integrate.num

Numerical integration by a particular method

Description

Numerical integration by a particular method

Usage

integrate.num(alpha, cut, method, a = @, b = 1)

Arguments

alpha
cut
method

Value

An integer.

a vector of alpha values between 0 and 1.
a vector.

the integration method could be one of the following four methods: "int.0",
"int.t", "int.ct" and "int.simpson".

fixed by default to 0.
fixed by default to 1.
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is.alphacuts Verifies if a matrix is set of left and right alpha-cuts

Description

Verifies if a matrix is set of left and right alpha-cuts

Usage

is.alphacuts(data)

Arguments

data a matrix of 2 equal length columns with no NA.

Value

A value TRUE if the concerned object can be a set of numerical left and right alpha-cuts, FALSE
otherwise.

Examples

mat <- matrix(c(1,2,3,7,6,5), ncol = 2)
is.alphacuts(mat)

is.balanced Verifies if a design is balanced

Description

Verifies if a design is balanced

Usage

is.balanced(ni)

Arguments
ni a line array given by the contingency table related to the considered variable.
Often written as a result of a call of the function table.
Value

Returns a logical decision TRUE or FALSE, to indicate if a given design is respectively balanced
or not.
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Examples

data <- matrix(c(1,2,3,2,2,1,1,3,1,2),ncol=1)
ni <- t(table(data))
is.balanced(ni)

is.fuzzification Verifies if a matrix is a fuzzification matrix

Description

Verifies if a matrix is a fuzzification matrix

Usage

is.fuzzification(data)

Arguments

data an array of 3 dimensions c¢(m,n,2), with m lines, n columns. No NA are allowed.

Value

A value TRUE if the concerned object is a numerical fuzzification matrix, FALSE otherwise.

Examples

mat <- array(c(1,1,2,2,3,3,5,5,6,6,7,7),dim=c(2,3,2))
is.fuzzification(mat)

is.trfuzzification Verifies if a matrix is a fuzzification matrix of trapezoidal fuzzy num-
bers

Description

Verifies if a matrix is a fuzzification matrix of trapezoidal fuzzy numbers

Usage

is.trfuzzification(data)

Arguments

data a matrix of 4 columns (p,q,r,s), where p < q < r < 's. No NA are allowed.
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A value TRUE if the concerned object is a trapezoidal or triangular fuzzification matrix, FALSE

otherwise.

Examples

mat <- matrix(c(1,1,2,2,3,3,4,4),ncol=4)
is.trfuzzification(mat)

Kurtosis

Calculates the excess of kurtosis of a random fuzzy variable

Description

Calculates the excess of kurtosis of a random fuzzy variable

Usage

Kurtosis(

data.fuzzified,

dist. type,
i=1,
j=T,
theta = 1/3,
thetas = 1,
p =2,
q=0.5,
breakpoints

Arguments

100

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function

dist.type

theta

GFUZZ, or a similar matrix. No NA are allowed.

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
L.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.
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thetas

breakpoints

Value

A numerical value.

Examples

mat <- matrix(c(1
Kurtosis(mat, dis

Mid.Spr

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, q is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

,2,0.25,1.8,2,2.6,0.5,3,3,2.6,3.8,4,4,4.2,3.9,5), ncol =4)
t.type = "GSGD")

Mid.Spr

Calculates a distance by the d_Mid.Spr between fuzzy numbers

Description

Calculates a distance by the d_Mid.Spr between fuzzy numbers

Usage
Mid.Spr(X, Y, i

Arguments

X
Y
i

theta

breakpoints

Value

A numerical value.

=1, j =1, theta = 1/3, breakpoints = 100)

a fuzzy number.

a fuzzy number.

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
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Moment Calculates a central sample moment of a random fuzzy variable

Description

Calculates a central sample moment of a random fuzzy variable

Usage

Moment (
data.fuzzified,
k,
dist. type,
i=1,
i=T,
theta = 1/3,
thetas = 1,

p =2,
q = 0.5,
breakpoints = 100

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

k the order of the moment.

dist.type type of distance chosen from the family of distances. The different choices

"non

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

i parameter of the density function of the Beta distribution, fixed by default to i =
1.

A parameter of the density function of the Beta distribution, fixed by default to j =
1.

theta a numerical value between O and 1, representing a weighting parameter. By

default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

thetas a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

p a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

q a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, q is fixed to 0.5.
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breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Value

A numerical value.

Examples

mat <- matrix(c(1,2,2,3,3,4,4,5), ncol =4)
Moment(mat, k=4, dist.type = "GSGD")

nbreakpoints Calculates the number of breakpoints of a numerical matrix of alpha-
cuts

Description

Calculates the number of breakpoints of a numerical matrix of alpha-cuts

Usage

nbreakpoints(data)
Arguments

data a matrix of numerical alpha-cuts or a 3-dimensional array. No NA are allowed.
Value

A numerical positive integer.

Examples

X <- TrapezoidalFuzzyNumber(1,2,3,4)
alpha.X <- alphacut(X, seq(0,1,0.01))
nbreakpoints(alpha.X)
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n_jk.. Calculates the number of answers by a specific sub-item

Description

Calculates the number of answers by a specific sub-item

Usage

n_jk..(x, varindex, PA, p_ind = rep(1, nrow(x)))

Arguments
X the data set to evaluate.
varindex index of a particular sub-item.
PA set of possible linguistic terms.
p_ind a vector of the relative sampling weights of the units, for which length(p;nd) =
nrow(data). If the weights are not relative, the following expression should be
applied on the vector:
Pind
2?21 Pind
If no sampling weights are used, the vector of weights is reduced to a vector of
values 1, i.e. rep(1, nrow(data)).
Value

A positive integer.

n_jkq. Calculates the number of answers by a specific linguistic of a sub-item

Description

Calculates the number of answers by a specific linguistic of a sub-item

Usage

n_jkg. (x, varindex, q, p_ind = rep(1, nrow(x)))
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Arguments
X the data set to evaluate.
varindex index of a particular sub-item.
q index of a particular linguistic term.
p_ind a vector of the relative sampling weights of the units, for which length(p;nd) =
nrow(data). If the weights are not relative, the following expression should be
applied on the vector:
Pind
E;’Lzl Pind
If no sampling weights are used, the vector of weights is reduced to a vector of
values 1, i.e. rep(1, nrow(data)).
Value

A positive integer.

optimal.distance Calculates the optimal distance between two fuzzy numbers according
to the chosen type

Description

Calculates the optimal distance between two fuzzy numbers according to the chosen type

Usage

optimal.distance(
X,
Y,
type = "DSGD.G",
i=1,
i=1,
theta = 1/3,
thetas = 1,
p =2,
q = 0.5,
breakpoints = 100

Arguments

X a fuzzy number.
Y a fuzzy number.

type type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".
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theta

thetas

q
breakpoints

Value

A numerical value.

Examples
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parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

X <- TrapezoidalFuzzyNumber(1,2,3,4)
Y <- TrapezoidalFuzzyNumber(4,5,6,7)
optimal.distance(X, Y, type = "GSGD")
optimal.distance(X, Y, type = "Bertoluzza")

p.value.fisher

Calculates the p-value of fuzzy observations taken from a Fisher dis-
tribution

Description

Calculates the p-value of fuzzy observations taken from a Fisher distribution

Usage

p.value.fisher(

type,
Ho,
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sig,

dist.type,

i=1,
j=1,

theta = 1/3,

thetas =
p =2,
q = 0.5,

breakpoints

Arguments

type

Ho

H1

t
n
r
s.d
sig

dist.type

theta

thetas

breakpoints

p-value.fisher

100

a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a given numerical or fuzzy type parameter of the distribution.
first degree of freedom.

second degree of freedom.

a numerical value for the standard deviation of the distribution.
a numerical value representing the significance level of the test.

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
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Value

Returns the defuzzified p-value and the decision made.

p.value.log Calculates the p-value of fuzzy observations taken from a Logistic dis-
tribution

Description

Calculates the p-value of fuzzy observations taken from a Logistic distribution

Usage
p.value.log(
type,
Ho,
H1,
t,
n ’
s.d,
sig,
dist. type,
i=1,
j=1,
theta = 1/3,
thetas = 1,
p =2,
q= 0.5,
breakpoints = 100
)
Arguments
type a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.
Ho a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.
H1 a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.
t a given numerical or fuzzy type parameter of the distribution.
n the total number of observations of the data set.
s.d a numerical value for the standard deviation of the distribution.

sig a numerical value representing the significance level of the test.
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dist.type

theta

thetas

breakpoints

Value

p.value.mean.log

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Returns the defuzzified p-value and the decision made.

p.value.mean.log

Calculates the p-value of fuzzy observations taken from a logistic dis-
tribution for the mean

Description

Calculates the p-value of fuzzy observations taken from a logistic distribution for the mean

Usage

p.value.mean.log(
data.fuzzified,

type,

Ho,

H1,

s.d,

sig,
dist.type,
i=1,
j=1,
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theta = 1/3,
thetas = 1,
p =2,
q = 0.5,
breakpoints
)
Arguments
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100

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function

type

Ho

H1

s.d
sig

dist.type

theta

thetas

breakpoints

Value

GFUZZ, or a similar matrix. No NA are allowed.

a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a numerical value for the standard deviation of the distribution.
a numerical value representing the significance level of the test.

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Returns the defuzzified p-value and the decision made.
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p.value.mean.normal

p.value.mean.normal Calculates the p-value of fuzzy observations taken from a normal dis-

tribution for the mean

Description

Calculates the p-value of fuzzy observations taken from a normal distribution for the mean

Usage

p.value.mean.normal(
data.fuzzified,

type,

Ho,

H1,

s.d,

sig,

dist. type,
i=1,
j=1,
theta = 1/3,
thetas = 1,
p =2,

q = 0.5,
breakpoints =

Arguments

data.fuzzified
type

Ho

H1

s.d

sig

dist.type

100

a fuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a numerical value for the standard deviation of the distribution.
a numerical value representing the significance level of the test.

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.



p-value.mean.poisson

theta

thetas

breakpoints

Value
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parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Returns the defuzzified p-value and the decision made.

p.value.mean.poisson  Calculates the p-value of fuzzy observations taken from a Poisson dis-

tribution for the mean

Description

Calculates the p-value of fuzzy observations taken from a Poisson distribution for the mean

Usage

p.value.mean.poisson(
data.fuzzified,

type,

HO,

H1,

sig,

dist. type,
i=1,
i=1,
theta = 1/3,
thetas = 1,
p =2,

q = 0.5,
breakpoints

100
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Arguments

p.value.mean.Student

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function

type

Ho

H1

sig

dist.type

theta

thetas

breakpoints

Value

GFUZZ, or a similar matrix. No NA are allowed.

a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a numerical value representing the significance level of the test.

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Returns the defuzzified p-value and the decision made.

p.value.mean.Student  Calculates the p-value of fuzzy observations taken from a Student dis-

tribution for the mean

Description

Calculates the p-value of fuzzy observations taken from a Student distribution for the mean
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Usage

p.value.mean.Student(
data.fuzzified,
type,
Ho,
H1,
sig,
dist. type,
i=1,
j=1,
theta = 1/3,
thetas = 1,
p =2,
q = 0.5,
breakpoints = 100

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

type a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

Ho a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

H1 a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

sig a numerical value representing the significance level of the test.

dist.type type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

i parameter of the density function of the Beta distribution, fixed by default to i =
L.

A parameter of the density function of the Beta distribution, fixed by default to j =
1.

theta a numerical value between O and 1, representing a weighting parameter. By

default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

thetas a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

p a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.
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q adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Value

Returns the defuzzified p-value and the decision made.

p.value.normal Calculates the p-value of fuzzy observations taken from a normal dis-
tribution

Description

Calculates the p-value of fuzzy observations taken from a normal distribution

Usage

p.value.normal(
type,
Ho,
H1,
t,
nl
s.d,
sig,
dist. type,
i=1,
j=1,
theta = 1/3,
thetas = 1,
p =2,
q = 0.5,
breakpoints = 100

Arguments

type a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

Ho a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

H1 a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

t a given numerical or fuzzy type parameter of the distribution.
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n
s.d
sig

dist.type

theta

thetas

breakpoints

Value
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the total number of observations of the data set.
a numerical value for the standard deviation of the distribution.
a numerical value representing the significance level of the test.

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Returns the defuzzified p-value and the decision made.

p.value.poisson

Calculates the p-value of fuzzy observations taken from a Poisson dis-
tribution

Description

Calculates the p-value of fuzzy observations taken from a Poisson distribution

Usage

p.value.poisson(

type,
Ho,
H1,
t,

n,
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sig,

dist. type,

i=1,
j=1,

theta = 1/3,

thetas =
p =2,
q = 0.5,

breakpoints

s.d =1

Arguments

type
Ho
H1

t
n
sig

dist.type

theta

thetas

breakpoints

s.d

p.value.poisson

100,

a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a given numerical or fuzzy type parameter of the distribution.
the total number of observations of the data set.
a numerical value representing the significance level of the test.

type of distance chosen from the family of distances. The different choices
are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
L.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

a numerical value for the standard deviation of the distribution.
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Returns the defuzzified p-value and the decision made.

p.value.Student

Calculates the p-value of fuzzy observations taken from a Student dis-
tribution

Description

Calculates the p-value of fuzzy observations taken from a Student distribution

Usage

p.value.Student(

type,

HO,

H1,

t,

n,

sig,

dist. type,
i=1,
j=T,
theta = 1/3,
thetas = 1,
p =2,
q=20.5,

breakpoints =

s.d =1

Arguments

type

Ho

H1

t
n
sig

dist.type

100,

a category betwenn "0", "1" and "2". The category "0" refers to a bilateral test,
the category "1" for a lower unilateral one, and "2" for an upper unilateral test.

a trapezoidal or a triangular fuzzy number representing the fuzzy null hypothe-
sis.

a trapezoidal or a triangular fuzzy number representing the fuzzy alternative
hypothesis.

a given numerical or fuzzy type parameter of the distribution.

the total number of observations of the data set.

a numerical value representing the significance level of the test.

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".
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theta

thetas

breakpoints

s.d

Value

prm_polygon

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

adecimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, p is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

a numerical value for the standard deviation of the distribution.

Returns the defuzzified p-value and the decision made.

prm_polygon

Polygon Ranking Method for two convex polygonal fuzzy numbers

Description

Computes the Polygon Ranking Method (PRM) distance and score between two fuzzy numbers
whose membership functions are convex polygons (i.e. any piecewise-linear, unimodal member-
ship function: triangular, trapezoidal, or general polygonal). This is the workhorse function of the
package; prm_triangle and prm_trapezoid are convenience wrappers around it for the two most
common special cases.

Usage

prm_polygon(vl, v2, eps = 1e-06)

Arguments

vl, v2

Two-column numeric matrices (x, mu) giving the vertices of each fuzzy num-
ber’s membership function, ordered by non-decreasing x. mu should rise from 0
to 1 and fall back to O (or more generally describe a convex, unimodal shape);
the first and last row will typically have mu = @. Validated on entry: both matri-
ces must have exactly 2 columns, x non-decreasing, mu in [0, 1], and each must
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reach mu = 1 somewhere (prm_polygon assumes normal convex fuzzy numbers,
as does the rest of the package); violations raise an informative error rather than
propagating into a cryptic failure inside cumfun_polygon.

eps Numeric, base relative half-width used to regularize degenerate input (crisp
numbers, duplicated abscissae); see normalize_polygon. The *effective* half-
width used internally is eps scaled up by the magnitude of the input values (eps
*max(1, max(abs(v1[,1]), abs(v2[,11)))), sothate.g. comparing two crisp
numbers around 1000 does not force interpolation slopes of order 1/eps that
would swamp the fixed tolerances used elsewhere in the computation (see "Nu-
merical note" below). Default 1e-6 (i.e. a half-width of about one part per
million of the input’s magnitude).

Details

For each fuzzy number, let s1(x) be its membership function, M (z) = [*__ u(t) dt its cumulative
function, and A the total area under p (A = M (00)). Let z* be the representative ("core") point
of the fuzzy number, computed as the mean of the abscissae where ;x = 1 (a single point for a
triangular number, the midpoint of the plateau for a trapezoidal one).

Writing G(z) = M;(x) — Ma(x), the PRM distance is split into:
D_dir the *directional* contribution, G(x%) + G(x5) — (A1 — As), which is positive when the

first fuzzy number tends to be smaller than the second, negative when it tends to be larger, and
(near) zero when they are indifferent.

D_core the *core* (ambiguity) contribution, the total variation of G over [min(x7, z3), max(z¥, z3)],

which grows with how much the two membership functions overlap/cross each other.

with D_PRM = D_dir + D_core. Dividing each distance by A; + A, gives the corresponding scores
S_dir, S_core, S_PRM, which are scale-free and comparable across different pairs of fuzzy numbers,
with —1 < Sy < 1and —1 < Spry < 1; both bounds are attained exactly when v1 and v2 have
disjoint supports (Donze, Theorems 2 and 4).

The confidence index C' = [Sg;r|/(|Sdir|+Score) (computed by summary_prm/ summary_prm_scores,
not returned here) measures how much of the total distance is directional rather than ambiguous: C
close to 1 signals a strong, unambiguous ranking, C' close to 0 a highly ambiguous one.

Value

A named list with components:

D_dir, D_core, D_PRM Directional, core and total PRM distances (see Details). NA when both v1
and v2 are crisp (see "Numerical note" below): the unnormalized distances are a genuine 0/0
form in that limit.

S_dir, S_core, S_PRM The corresponding scores, normalized by Areal + Area2.
Direction sign(D_dir): 1if v1 tends to rank below v2, -1 if above, 0 if tied.

Decision A character string summarizing the ranking: "x1 <x2", "x1 >x2", or "x1 ~ x2".
Areal, Area2 Total area under each membership function.

Corel, Core2 The representative ("core") point of each fuzzy number.
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Crossings Sorted numeric vector of the abscissae where the two membership functions intersect
(possibly empty).

Partition Sorted numeric vector of the breakpoints used to compute D_core (see sign_partition_polygon).

Numerical note

comparing crisp (or near-crisp) numbers: When both v1 and v2 are crisp (each a single, repeated
abscissa), prm_polygon bypasses the generic polygon machinery entirely and returns the exact
closed-form limit derived in Donze (draft, Section 3): S_core =0, S_dir = sign(x2 - x1), S_PRM
= abs(S_dir), so that the PRM ranking coincides exactly with the usual ordering of R. In that case
D_dir, D_core, D_PRM are set to NA: the unnormalized distances are a genuine 0/0 form in the true
crisp limit (both areas vanish), so only the normalized scores are mathematically defined; use those.

When only one of v1, v2 is crisp (the other remains genuinely fuzzy), the generic path below still
applies, and the crisp side is regularized internally as a symmetric triangle of half-width eps'} (the
scaled \code{eps} described above) around its value. This is mathematically exact in the
limit \code{eps' —> 0, but at fixed finite precision an eps '} that is tiny relative to the crisp
value forces an interpolation slope of order \code{1/eps' inside cumfun_polygon, and com-
puting areas from such slopes subtracts two large intermediate quantities to recover a tiny true an-
swer (catastrophic cancellation). eps = 1e-6 is a compromise that keeps the regularization tight
while keeping this effect negligible for typical inputs; if you see an out-of-range score (e.g. a
negative S_core) when comparing a crisp number against a fuzzy one of very large or very small
magnitude, try increasing eps further.

Note

D_dir (hence S_dir, Direction and Decision) is antisymmetric in its two arguments (D g;,-(Z1, Z2) =
—Dgir(Z2,Z1)) and D_core is symmetric, but D_PRM itself is not antisymmetric: in general Dp gy (%1, T2) #
—DPRIW({Z‘Q, fl), Ol’lly Dp]:uw(i’l, [Z'Q) — DpR]w(ifg7 i’l) = 2Ddir(fi17 Lfg) (DOIIZC, Theorem 3)
Swapping v1 and v2 therefore flips the sign of D_dir/S_dir/Direction and the direction of Decision,

but D_core/S_core are unchanged and D_PRM/S_PRM do not simply change sign.

References

Donze, L. (2026). Ranking fuzzy numbers with the Polygon Ranking Method (PRM). Working paper,
University of Fribourg.

Berkachy, R., Donze, L. (2024). Generalisation of the signed distance. Mathematics, 12(24), 4042.
doi:10.3390/math 12244042

See Also

prm_triangle, prm_trapezoid for convenience wrappers; summary_prmand summary_prm_scores
to format the result.

Examples

# Two triangular fuzzy numbers, built "by hand” as polygons

vl <- matrix(c(3, @, 5, 1, 5, 1, 6, @), ncol = 2, byrow = TRUE)
v2 <- matrix(c(-2, @, -1, 1, -1, 1, 1, @), ncol = 2, byrow = TRUE)
res <- prm_polygon(vl, v2)


https://doi.org/10.3390/math12244042
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res$Decision
summary_prm(res)

# Two crisp numbers: exact closed form, coincides with the usual
# ordering of the reals
summary_prm(prm_triangle(c(5, 5, 5), c(8, 8, 8)))

prm_trapezoid PRM ranking of two trapezoidal fuzzy numbers

Description

Convenience wrapper around prm_polygon for trapezoidal fuzzy numbers, specified by their four
defining points (a, b, ¢,d) with a < b < ¢ < d: membership rises linearly from 0 at a to 1 at b,
stays at 1 between b and c, then falls linearly back to 0 at d. (Setting b = ¢ recovers a triangular
fuzzy number.)

Usage

prm_trapezoid(vl, v2, eps = 1e-06)

Arguments
v1, v2 Numeric vectors of length 4, c(a, b, ¢, d), giving the four defining points of
each trapezoidal fuzzy number. Named v1/v2 for consistency with prm_polygon
and prm_triangle: argument 1 always describes 1, argument 2 always de-
scribes Ts.
eps Passed to prm_polygon; only matters when v1 or v2 is crisp (a == b == ¢ == d).
Value

See prm_polygon.

See Also

prm_polygon, prm_triangle

Examples

res <- prm_trapezoid(c(3, 5, 5, 6), c(-2, -1, -1, 1))
summary_prm(res)
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prm_triangle PRM ranking of two triangular fuzzy numbers

Description

Convenience wrapper around prm_polygon for triangular fuzzy numbers, specified by their three
defining points (a, b, ¢) with a < b < ¢: membership rises linearly from 0 at a to 1 at b, then falls
linearly back to O at c.

Usage

prm_triangle(vl, v2, eps = 1e-06)

Arguments
vl, v2 Numeric vectors of length 3, c(a, b, c), giving the left, peak and right points of
each triangular fuzzy number. Named v1/v2 for consistency with prm_polygon
and prm_trapezoid: argument 1 always describes 21, argument 2 always de-
scribes Ts.
eps Passed to prm_polygon; only matters when v1 or v2 is crisp (a == b == ¢).
Value

See prm_polygon.

See Also

prm_polygon, prm_trapezoid

Examples

res <- prm_triangle(c(1, 3, 6), c(4, 7, 9))
summary_prm(res)

R Calculates the indicator of information’s rate of the data base

Description

Calculates the indicator of information’s rate of the data base

Usage
R(x, p_ind, b_jk, SI)



Rhol

Arguments

X

p_ind

b_jk
SI

Value
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the data set to evaluate.

a vector of the relative sampling weights of the units, for which length(p;nd) =
nrow(data). If the weights are not relative, the following expression should be

applied on the vector:
Pind

2?21 Pind '
If no sampling weights are used, the vector of weights is reduced to a vector of
values 1, i.e. rep(1, nrow(data)).

a matrix of length(b_j) rows and max(SI) columns expressing the initial weights
of each sub-item of a given main-item.

an array representing the total numbers of sub-items per main-item.

A numerical value giving the indicator of information’s rate of the complete linguistic questionnaire.
Note that the obtained value is interpreted as the more it tends to the value 1, the less the complete
questionnaire contains missing values.

Examples

data <- matrix(c(3,4,2,3,3,2,4,3,3,4,3,4,4,2,5,3,4,4,3,3,3,4,4,3,
3,3,4,3,3,3,3,4,4,3,5,3,4,3,3,3), ncol = 4)

data <- as.data.frame(data)

p_ind <- ¢(0.1,0.05,0.05,0.2,0.1,0.05,0.1,0.1,0.2,0.05)

SI1 <- 2
SI2 <= 2
SI <- c(SI1,SI2)

b_jk <- matrix(c(0.5,0.5,0.5,0.5),nrow=2)
R(data, p_ind, b_jk, SI)

Rho1

Calculates a distance by the Rhol between fuzzy numbers

Description

Calculates a distance by the Rhol between fuzzy numbers

Usage

Rho1(X, Y, breakpoints = 100)

Arguments

X
Y
breakpoints

a fuzzy number.
a fuzzy number.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
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Value

A numerical value.

Rho2 Calculates a distance by the Rho2 between fuzzy numbers

Description

Calculates a distance by the Rho2 between fuzzy numbers

Usage
Rho2(X, Y, breakpoints = 100)

Arguments
X a fuzzy number.
Y a fuzzy number.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
Value

A numerical value.

Rhop Calculates a distance by the d_Rhop between fuzzy numbers

Description

Calculates a distance by the d_Rhop between fuzzy numbers

Usage
Rhop(X, Y, p, breakpoints = 100)

Arguments
X a fuzzy number.
Y a fuzzy number.
p a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build

the numerical alpha-cuts. It is fixed to 100 by default.
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Value

A numerical value.

Ri Calculates the indicator of information’s rate of the data base for a
given unit

Description

Calculates the indicator of information’s rate of the data base for a given unit

Usage

Ri(x, i, b_jk, SI)

Arguments
X the data set to evaluate.
i an observation index.
b_jk a matrix of length(b_j) rows and max(SI) columns expressing the initial weights
of each sub-item of a given main-item.
SI an array representing the total numbers of sub-items per main-item.
Value

A numerical value giving the indicator of information’s rate of the complete linguistic questionnaire
for a particular observation. Note that the obtained value is interpreted as the more it tends to the
value 1, the less the observation i contains missing values.

Examples

data <- matrix(c(3,4,2,3,3,2,4,3,3,4,3,4,4,2,5,3,4,4,3,3,3,4,4,3,
3,3,4,3,3,3,3,4,4,3,5,3,4,3,3,3), ncol = 4)

data <- as.data.frame(data)

SIT <- 2

SI2 <- 2

SI <- c¢(SI1,SI2)

b_jk <- matrix(c(0.5,0.5,0.5,0.5),nrow=2)

Ri(data, 7, b_jk, SI)
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Sample.variance

Sample.variance

Calculates the sample variance by a convenient metric

Description

Calculates the sample variance by a convenient metric

Usage

Sample.variance(
data.fuzzified,
dist. type,

i=1,
i=1,

theta = 1/3,

thetas =
p =2,
q = 0.5,

1,

breakpoints = 100

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function

dist.type

theta

thetas

breakpoints

GFUZZ, or a similar matrix. No NA are allowed.

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
L.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/Idev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, q is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
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Value

A numerical value.

SEQ.ORDERING Calculates the sequential sums of squares by a convenient metric

Description

Calculates the sequential sums of squares by a convenient metric

Usage
SEQ.ORDERING(scope, data, f.response)

Arguments

scope a description of the complete fitting model.

data the data frame containing all the variables of the model.

f.response the vector of distances of the fuzzy response variable to the fuzzy origin.
Value

Returns a list of the new sets of sums of squares, as well as the coefficients, the residuals and the
fitted.values.

SEQ.ORDERING. APPROXIMATION
Calculates the sequential sums of squares by an approximation

Description

Calculates the sequential sums of squares by an approximation

Usage
SEQ.ORDERING.APPROXIMATION(scope, data, f.response)

Arguments

scope a description of the complete fitting model.

data the data frame containing all the variables of the model.

f.response the vector of distances of the fuzzy response variable to the fuzzy origin.
Value

Returns a list of the new sets of sums of squares, as well as the coefficients, the residuals and the
fitted.values.
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SEQ.ORDERING.EXACT Calculates the sequential sums of squares by an exact calculation

Description

Calculates the sequential sums of squares by an exact calculation

Usage

SEQ.ORDERING.EXACT (scope, data, f.response)

Arguments

scope a description of the complete fitting model.

data the data frame containing all the variables of the model.

f.response the vector of distances of the fuzzy response variable to the fuzzy origin.
Value

Returns a list of the new sets of sums of squares, as well as the coefficients, the residuals and the
fitted.values.

SGD Calculates a distance by the SGD between fuzzy numbers

Description

Calculates a distance by the SGD between fuzzy numbers

Usage
SGD(X, i =1, j = 1, breakpoints = 100)

Arguments
X a fuzzy number.
i parameter of the density function of the Beta distribution, fixed by default to i =
1.
j parameter of the density function of the Beta distribution, fixed by default to j =
1.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
Value

A numerical value.
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Skewness

Calculates the skewness of a random fuzzy variable

Description

Calculates the skewness of a random fuzzy variable

Usage

Skewness(

data.fuzzified,
dist. type,

i=1,
i=1,

theta = 1/3,

thetas =
p =2,
q = 0.5,

1,

breakpoints = 100

Arguments

data.fuzzified afuzzification matrix constructed by a call to the function FUZZ or the function

dist.type

theta

thetas

breakpoints

GFUZZ, or a similar matrix. No NA are allowed.

type of distance chosen from the family of distances. The different choices

are given by: "Rhol", "Rho2", "Bertoluzza", "Rhop", "Delta.pq", "Mid/Spr",
"wabl", "DSGD", "DSGD.G", "GSGD".

parameter of the density function of the Beta distribution, fixed by default to i =
L.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/Idev/rdev.

a decimal value between 0 and 1, representing the weight given to the shape of
the fuzzy number. By default, thetas is fixed to 1. This parameter is used in the
calculations of the d_theta star and the d_GSGD distances.

a positive integer such that 1 < p < infinity, referring to the parameter of the
Rho_p and Delta_pq. By default, p is fixed to 2.

a decimal value between 0 and 1, referring to the parameter of the metric Delta_pq.
By default, q is fixed to 0.5.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.
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Value

A numerical value.

Examples

mat <- matrix(c(1,2,0.25,1.8,2,2.6,0.5,3,3,2.6,3.8,4,4,4.2,3.9,5), ncol =4)
Skewness(mat, dist.type = "GSGD")

square Square a number

Description

Takes any numerical value and squares it.

Usage

square(x)

Arguments

X A numeric value to be squared

Value

The square of the input

summary_prm Full summary table of a PRM result

Description

Formats the list returned by prm_polygon (or its wrappers prm_triangle / prm_trapezoid) into a
single-row data. frame, rounding numeric quantities and collapsing the Crossings and Partition
vectors into readable strings.

Usage

summary_prm(res, digits = 6)

Arguments

res A list as returned by prm_polygon.

digits Integer, number of digits used to round numeric columns (default 6).
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Value

A one-row data. frame with columns Corel, Core2, Areal, Area2, D_dir, D_core, D_PRM, S_dir,
S_core, S_PRM, C (share of the total distance that is directional, i.e. |Sqgir|/(|Sdir| + Score); NA when
both are zero), Direction, Decision, Ncross (number of crossing points), Crossings (comma-
separated string), Nintervals (number of sign-partition intervals) and Partition (comma-separated
string).

See Also

summary_prm_scores for a compact, SCOYGS—OHly version.

Examples

summary_prm(prm_triangle(c(1, 3, 6), c(4, 7, 9)))

summary_prm_scores Score-only summary of a PRM result

Description

A compact alternative to summary_prm that only reports the normalized PRM scores, useful when
the areas, cores, crossings and partition details are not needed (e.g. when batch-ranking many pairs
of fuzzy numbers).

Usage

summary_prm_scores(res, digits = 6)

Arguments

res A list as returned by prm_polygon.

digits Integer, number of digits used to round numeric columns (default 6).
Value

A one-row data.frame with columns S_dir, S_core, S_PRM and C (see summary_prm for their
definition).

See Also

summary_prm

Examples

summary_prm_scores(prm_triangle(c(1, 3, 6), c(4, 7, 9)))
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tr.gfuzz Fuzzifies a variable modelled by trapezoidal or triangular fuzzy num-
bers

Description

Fuzzifies a variable modelled by trapezoidal or triangular fuzzy numbers

Usage

tr.gfuzz(data, breakpoints = 100)

Arguments
data a matrix of 4 columns (p,q,r,s), where p < q < r < 's. No NA are allowed.
breakpoints a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. breakpoints is fixed to 100 by default.
Value

A 3-dimensional array with dimensions (m,n,2), i.e. m lines, n columns, with no NA.

Examples

data <- matrix(c(1,1,2,2,3,3,4,4),ncol=4)
data.tr <- tr.gfuzz(data)

wabl Calculates a distance by the d_wabl between fuzzy numbers

Description

Calculates a distance by the d_wabl between fuzzy numbers

Usage

wabl(X, Y, i =1, j =1, theta = 1/3, breakpoints = 100)



Weighted.fuzzy.mean

Arguments

X
Y

i

theta

breakpoints

Value

A numerical value.
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a fuzzy number.
a fuzzy number.

parameter of the density function of the Beta distribution, fixed by default to i =
1.

parameter of the density function of the Beta distribution, fixed by default to j =
1.

a numerical value between O and 1, representing a weighting parameter. By
default, theta is fixed to 1/3 referring to the Lebesgue space. This measure is
used in the calculations of the following distances: d_Bertoluzza, d_mid/spr
and d_phi-wabl/ldev/rdev.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

Weighted. fuzzy.mean Calculates the weighted fuzzy sample mean

Description

Calculates the weighted fuzzy sample mean

Usage

Weighted. fuzzy.mean(
data.fuzzified,

weight,
breakpoints =

100,

alphacuts = FALSE

)

Arguments

data.fuzzified

weight

breakpoints

alphacuts

a fuzzification matrix constructed by a call to the function FUZZ or the function
GFUZZ, or a similar matrix. No NA are allowed.

a weighting vector of the same length of the fuzzification matrix. No NA al-
lowed.

a positive arbitrary integer representing the number of breaks chosen to build
the numerical alpha-cuts. It is fixed to 100 by default.

fixed by default to "FALSE". No alpha-cuts are printed in this case.
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Value

If the parameter alphacuts="TRUE", the function returns a matrix composed by 2 vectors repre-
senting the numerical left and right alpha-cuts. For this output, is.alphacuts = TRUE. If the param-
eter alphacuts="FALSE", the function returns a trapezoidal fuzzy number given by the quadruple

(p.q.18).

Examples

mat <- matrix(c(1,2,2,3,3,4,4,5), ncol =4)
w <- ¢c(1,3)
Weighted.fuzzy.mean(mat, w)



Index

adjusted.weight.MI, 4 Fuzzy.exact.variance.poly.left, 42

adjusted.weight.SI, 5 Fuzzy.exact.variance.poly.right, 42
Fuzzy.p.value, 43

Bertoluzza, 6 Fuzzy.p.value.mean, 44

boot.mean.algol, 7 fuzzy.predicted.values, 46

boot.mean.algo2, 8 fuzzy.residuals, 47

boot.mean.ml, 9 Fuzzy.sample.mean, 47
Fuzzy.sample.variance.approximation,

cube, 10 48
Fuzzy.sample.variance.approximationt,

D2, 11 48

Defuzz.FANOVA, 11 Fuzzy.sample.variance.approximation2,

Delta.pq, 12 49

Delta_jki, 13 Fuzzy.sample.variance.approximations3,

distance, 14 49

DSGD, 15 Fuzzy.sample.variance.approximation4,

DSGD.G, 16 50
Fuzzy.sample.variance.approximation5,

FANOVA, 16 50

FANOVA. approximation, 18
FANOVA.distance, 19
FANOVA.exact, 20

FANOVA. summary, 21

Fuzzy.Square, 51
Fuzzy.Square.poly.left, 51
Fuzzy.Square.poly.right, 52
Fuzzy.variance, 53

fci.ml, 22

fci.ml.boot, 23 GaussianBellFuzzyNumber, 54
FMANOVA, 24 GaussianFuzzyNumber, 55
FMANOVA . approximation, 26 GFUZZ, 56
FMANOVA.distance, 27 GLOB.EVAL, 57
FMANOVA.exact, 28 GLOB.EVAL.mean, 59
FMANOVA. interaction. summary, 29 GSGD, 61

FMANOVA. summary, 30

Ftests, 30 IND.EVAL, 62

FTukeyHSD, 31 int.o, 64

FUZz, 32 int.ct, 65
Fuzzy.CI.ML.test, 33 int.simpson, 65
Fuzzy.CI.test, 35 int.t, 66
Fuzzy.decisions, 37 integrate.num, 66
Fuzzy.decisions.ML, 38 is.alphacuts, 67
Fuzzy.Difference, 40 is.balanced, 67
Fuzzy.exact.variance, 41 is.fuzzification, 68

105



106 INDEX

is.trfuzzification, 68
Kurtosis, 69

Mid. Spr, 70
Moment, 71

n_jk..,73
n_jkqg., 73
nbreakpoints, 72

optimal.distance, 74

.value.fisher, 75
.value.log, 77
.value.mean.log, 78
.value.mean.normal, 80
.value.mean.poisson, 81
.value.mean.Student, 82
.value.normal, 84
.value.poisson, 85
p.value.Student, 87
prm_polygon, 88
prm_trapezoid, 91
prm_triangle, 92

T T T T T T T T

R, 92
Rho1, 93
Rho2, 94
Rhop, 94
Ri, 95

Sample.variance, 96
SEQ.ORDERING, 97
SEQ.ORDERING.APPROXIMATION, 97
SEQ.ORDERING.EXACT, 98

SGD, 98

Skewness, 99

square, 100

summary_prm, 100
summary_prm_scores, 101

tr.gfuzz, 102

wabl, 102
Weighted. fuzzy.mean, 103



	adjusted.weight.MI
	adjusted.weight.SI
	Bertoluzza
	boot.mean.algo1
	boot.mean.algo2
	boot.mean.ml
	cube
	D2
	Defuzz.FANOVA
	Delta.pq
	Delta_jki
	distance
	DSGD
	DSGD.G
	FANOVA
	FANOVA.approximation
	FANOVA.distance
	FANOVA.exact
	FANOVA.summary
	fci.ml
	fci.ml.boot
	FMANOVA
	FMANOVA.approximation
	FMANOVA.distance
	FMANOVA.exact
	FMANOVA.interaction.summary
	FMANOVA.summary
	Ftests
	FTukeyHSD
	FUZZ
	Fuzzy.CI.ML.test
	Fuzzy.CI.test
	Fuzzy.decisions
	Fuzzy.decisions.ML
	Fuzzy.Difference
	Fuzzy.exact.variance
	Fuzzy.exact.variance.poly.left
	Fuzzy.exact.variance.poly.right
	Fuzzy.p.value
	Fuzzy.p.value.mean
	fuzzy.predicted.values
	fuzzy.residuals
	Fuzzy.sample.mean
	Fuzzy.sample.variance.approximation
	Fuzzy.sample.variance.approximation1
	Fuzzy.sample.variance.approximation2
	Fuzzy.sample.variance.approximation3
	Fuzzy.sample.variance.approximation4
	Fuzzy.sample.variance.approximation5
	Fuzzy.Square
	Fuzzy.Square.poly.left
	Fuzzy.Square.poly.right
	Fuzzy.variance
	GaussianBellFuzzyNumber
	GaussianFuzzyNumber
	GFUZZ
	GLOB.EVAL
	GLOB.EVAL.mean
	GSGD
	IND.EVAL
	int.0
	int.ct
	int.simpson
	int.t
	integrate.num
	is.alphacuts
	is.balanced
	is.fuzzification
	is.trfuzzification
	Kurtosis
	Mid.Spr
	Moment
	nbreakpoints
	n_jk..
	n_jkq.
	optimal.distance
	p.value.fisher
	p.value.log
	p.value.mean.log
	p.value.mean.normal
	p.value.mean.poisson
	p.value.mean.Student
	p.value.normal
	p.value.poisson
	p.value.Student
	prm_polygon
	prm_trapezoid
	prm_triangle
	R
	Rho1
	Rho2
	Rhop
	Ri
	Sample.variance
	SEQ.ORDERING
	SEQ.ORDERING.APPROXIMATION
	SEQ.ORDERING.EXACT
	SGD
	Skewness
	square
	summary_prm
	summary_prm_scores
	tr.gfuzz
	wabl
	Weighted.fuzzy.mean
	Index

