Package: NonNorMyvtDist (via r-universe)

October 21, 2024

Type Package

Title Multivariate Lomax (Pareto Type II) and Its Related
Distributions

Version 1.0.2
Maintainer Zhixin Lun <zlun@oakland.edu>

Description Implements calculation of probability density function,
cumulative distribution function, equicoordinate quantile
function and survival function, and random numbers generation
for the following multivariate distributions: Lomax (Pareto
Type 1), generalized Lomax, Mardia’s Pareto of Type I,
Logistic, Burr, Cook-Johnson’s uniform, F and Inverted Beta.
See Tapan Nayak (1987) <doi:10.2307/3214068>.

Depends R (>=3.6.0)
License GPL-3
Encoding UTF-8
LazyData true
Imports stats, cubature
RoxygenNote 7.0.2
NeedsCompilation no

Author Zhixin Lun [aut, cre]
(<https://orcid.org/0000-0002-8980-1554>), Ravindra Khattree
[aut] (<https://orcid.org/0000-0002-9305-2365>)

Repository CRAN
Date/Publication 2020-03-23 15:40:02 UTC

Contents

MvVtE . e


https://doi.org/10.2307/3214068
https://orcid.org/0000-0002-8980-1554
https://orcid.org/0000-0002-9305-2365

2 MvtBurr
MVELOZIS . . . . o e e e 14
MvtLomax . . . . . . . L e 16
MvtMardiaParetol . . . . . . . . . ... 18
MvtUniform . . . . . . . o oo e 21

Index 24

MvtBurr Multivariate Burr Distribution
Description
Calculation of density function, cumulative distribution function, equicoordinate quantile function
and survival function, and random numbers generation for multivariate Burr distribution with a
scalar parameter parm1 and vectors of parameters parm2 and parm3.
Usage
dmvburr(x, parml = 1, parm2 = rep(1, k), parm3 = rep(1, k), log = FALSE)
pmvburr(q, parml = 1, parm2 = rep(1, k), parm3 = rep(1, k))
gmvburr(
P,
parml = 1,
parm2 = rep(1, k),
parm3 = rep(1, k),
interval = c(0, 1e+08)
)
rmvburr(n, parml = 1, parm2 = rep(1, k), parm3 = rep(1, k))
smvburr(q, parml = 1, parm2 = rep(1, k), parm3 = rep(1, k))
Arguments
X vector or matrix of quantiles. If x is a matrix, each row vector constitutes a
vector of quantiles for which the density f(z) is calculated (for i-th row x;,
f(x;) is reported).
parml a scalar parameter, see parameter a in Details.
parm2 a vector of parameters, see parameters d; in Details.
parm3 a vector of parameters, see parameters c; in Details.
log logical; if TRUE, probability densities f are given as log( f).
q a vector of quantiles.

a scalar value corresponding to probability.
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interval a vector containing the end-points of the interval to be searched. Default value
is set as c(Q, 1e8).

n number of observations.
k dimension of data or number of variates.
Details

Multivariate Burr distribution (Johnson and Kotz, 1972) is a joint distribution of positive random

variables X, - - , X}. Its probability density is given as
For e ay) = Wiz esddal@+ 1) (a+ k= DT, 27 ]
1, ,Lk) = - )
(1+ 3o da )k
where x; > 0,a,¢;,d; >0,i =1,--- k.
Cumulative distribution function F'(zy,..., ) is obtained by the following formula related to
survival function F'(z1,...,z;) (Joe, 1997)

Fzy,...,xx) =1+ > (=) Fy(x;,j € 9),
Ses

where the survival function is given by

k —a
ﬂ%mgmzo+2@ﬁ>.
=1

Equicoordinate quantile is obtained by solving the following equation for g through the built-in one
dimension root finding function uniroot:

q q
/ / f(xl,-.-7xk)dxk--~dw1=p7
0 0

where p is the given cumulative probability.

Random numbers X7, - - - , X, from multivariate Burr distribution can be generated through trans-
formation of multivariate Lomax random variables Y7, - - - , Y}, by letting X; = (0,;Y;/ d)e i =
1,---, k; see Nayak (1987).

Value

dmvburr gives the numerical values of the probability density.
pmvburr gives the cumulative probability.

gmvburr gives the equicoordinate quantile.

rmvburr generates random numbers.

smvburr gives the value of survival function.
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References

Joe, H. (1997). Multivariate Models and Dependence Concepts. London: Chapman & Hall.

Johnson, N. L. and Kotz, S. (1972). Distribution in Statistics: Continuous Multivariate Distribu-
tions. New York: John Wiley & Sons, INC.

Nayak, T. K. (1987). Multivariate Lomax Distribution: Properties and Usefulness in Reliability
Theory. Journal of Applied Probability, Vol. 24, No. 1, 170-177.

See Also

uniroot for one dimensional root (zero) finding.

Examples
# Calculations for the multivariate Burr with parameters:
#a=3,d =1,d2=3,d3=5,cl=2,c2=4,c3=6
# Vector of quantiles: c(3, 2, 1)
dmvburr(x = c(3, 2, 1), parml = 3, parm2 = c(1, 3, 5), parm3 = c(2, 4, 6)) # Density
pmvburr(q = c(3, 2, 1), parml = 3, parm2 = c(1, 3, 5), parm3 = c(2, 4, 6)) # Cumulative Probability

# Equicoordinate quantile of cumulative probability 0.5
gmvburr(p = 0.5, parml = 3, parm2 = c(1, 3, 5), parm3 = c(2, 4, 6))

# Random numbers generation with sample size 100
rmvburr(n = 100, parml = 3, parm2 = c(1, 3, 5), parm3 = c(2, 4, 6))

smvburr(q = c(3, 2, 1), parml =3, parm2 = c(1, 3, 5), parm3 = c(2, 4, 6)) # Survival function

MvtF Multivariate F Distribution

Description

Calculation of density function, cumulative distribution function, equicoordinate quantile function
and survival function, and random numbers generation for multivariate F' distribution with degrees
of freedom df.

Usage
dmvf(x, df = rep(1, k + 1), log = FALSE)
pmvf(q, df = rep(1, k + 1), algorithm = c("numerical”, "MC"), nsim = 1e+07)

gmv T (

P,
df = rep(1, k + 1),
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interval = c(1e-08, 1e+08),
algorithm = c("numerical”, "MC"),
nsim = 1e+06

)

rmvf(n, df = rep(1, k + 1))

smvf(q, df = rep(1, k + 1), algorithm = c("numerical”, "MC"), nsim = 1e+@7)
Arguments

X vector or matrix of quantiles. If z is a matrix, each row vector constitutes a
vector of quantiles for which the density f(z) is calculated (for i-th row x;,
f(x;) is reported).

df a vector of k+ 1 degrees of freedom, see parameter (2a, 21, . . ., 2l) in Details.

log logical, if TRUE, probability densities f are given as log( f).

q a vector of quantiles.

algorithm method to be used for calculating cumulative probability. Two options are pro-
vided as (i) numerical using adaptive multivariate integral and (ii) MC using
Monte Carlo method. Recommend algorithm numerical for (k <= 4) dimen-
sion and MC for (k > 4) dimension based on running time consumption. Default
option is set as numerical.

nsim number of simulations used in algorithm MC.

p a scalar value corresponding to probability.

interval a vector containing the end-points of the interval to be searched. Default value
is setas c(1e-8, 1e8).

n number of observations.

k dimension of data or number of variates.

Details

Multivariate F' distribution (Johnson and Kotz, 1972) is a joint probability distribution of positive
random variables and its probability density is given as

15, (/)50 b+ a) [T o

f(x1,~~,xk): k k ) )
F(a)[H¢:1 F(li)]<1 —+ Zi:l %371) iy lita
where z; > 0,a > 0,1; > 0,i=1,--- , k. The degrees of freedom are (2a, 2[4, ..., 2lx).
Cumulative distribution function F'(x1,. .., x}) is obtained by multiple integral

X1 T
F($17--~7$k):/ / fyi, - yk)dyr - - - dyr.
0 0

This multiple integral is calculated by either adaptive multivariate integration using hcubature in
package cubature (Narasimhan et al., 2018) or via Monte Carlo method.
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Equicoordinate quantile is obtained by solving the following equation for ¢ through the built-in one
dimension root finding function uniroot:

q q
/ / f(xh-~-7xk)d$k--'d$1:p7
0 0

where p is the given cumulative probability.

The survival function F'(xy,--- , ;) is obtained either by the following formula related to cumu-
lative distribution function F'(z1, ..., zx) (Joe, 1997)

F(l‘l," . 7xk) =1 + Z(_1)|S|F5<xjaj € S)a
Ses
or via Monte Carlo method.

Random numbers X, - - - , X} from multivariate F distribution can be generated through parameter
substitutions in simulation of generalized multivariate Lomax distribution by letting 6; = I, /a,i =
1,--- , k; see Nayak (1987).

Value

dmvf gives the numerical values of the probability density.
pmvf gives a list of two items:
value cumulative probability

error the estimated relative error by algorithm = "numerical” or the estimated standard error
by algorithm = "MC"

gmvf gives the equicoordinate quantile. NaN is returned for no solution found in the given interval.
The result is seed dependent if Monte Carlo algorithm is chosen (algorithm = "MC").

rmvf generates random numbers.
smvf gives a list of two items:
value the value of survial function

error the estimated relative error by algorithm = "numerical” or the estimated standard error
by algorithm= "MC"

References

Joe, H. (1997). Multivariate Models and Dependence Concepts. London: Chapman & Hall.

Johnson, N. L. and Kotz, S. (1972). Distribution in Statistics: Continuous Multivariate Distribu-
tions. New York: John Wiley & Sons, INC.

Narasimhan, B., Koller, M., Johnson, S. G., Hahn, T., Bouvier, A., Kiéu, K. and Gaure, S. (2018).
cubature: Adaptive Multivariate Integration over Hypercubes. R package version 2.0.3.

Nayak, T. K. (1987). Multivariate Lomax Distribution: Properties and Usefulness in Reliability
Theory. Journal of Applied Probability, Vol. 24, No. 1, 170-177.

See Also

uniroot for one dimensional root (zero) finding.
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Examples
# Calculations for the multivariate F with degrees of freedom:

# df = c(2, 4, 6)
# Vector of quantiles: c(1, 2)

dmvf(x = c(1, 2), df = c(2, 4, 6)) # Density
# Cumulative Probability using adaptive multivariate integral

pmvf(q = c(1, 2), df = c(2, 4, 6), algorithm = "numerical”)

# Cumulative Probability using Monte Carlo method
pmvf(q = c(1, 2), df = c(2, 4, 6), algorithm = "MC")

# Equicoordinate quantile of cumulative probability 0.5
gmvf(p = 0.5, df = c(2, 4, 6))

# Random numbers generation with sample size 100
rmvf(n = 100, df = c(2, 4, 6))

smvf(q = c(1, 2), df = c(2, 4, 6)) # Survival function

MvtGlomx Generalized Multivariate Lomax (Pareto Type II) Distribution

Description

Calculation of density function, cumulative distribution function, equicoordinate quantile function
and survival function, and random numbers generation for generalized multivariate Lomax distri-
bution with a scalar parameter parm1 and vectors of parameters parm2 and parm3.

Usage

dmvglomax(x, parml = 1, parm2 = rep(1, k), parm3 = rep(1, k), log = FALSE)

pmvglomax (
q,
parml = 1,
parm2 = rep(1, k),
parm3 = rep(1, k),
algorithm = c("numerical”, "MC"),
nsim = 1e+@7

gmvglomax (
P,
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parmil 1,

parm2 = rep(1, k),

parm3 = rep(1, k),

interval = c(1e-08, 1e+08),
algorithm = c("numerical”, "MC"),
nsim = 1e+06

)
rmvglomax(n, parml = 1, parm2 = rep(1, k), parm3 = rep(1, k))

smvglomax (
q,
parml = 1,
parm2 = rep(1, k),
parm3 = rep(1, k),

algorithm = c("numerical”, "MC"),
nsim = le+07
)
Arguments

X vector or matrix of quantiles. If x is a matrix, each row vector constitutes a
vector of quantiles for which the density f(z) is calculated (for i-th row z;,
f(z;) is reported).

parml a scalar parameter, see parameter a in Details.

parm2 a vector of parameters, see parameters ; in Details.

parm3 a vector of parameters, see parameters /; in Details.

log logical; if TRUE, probability densities f are given as log( f).

q a vector of quantiles.

algorithm method to be used for calculating cumulative probability. Two options are pro-
vided as (i) numerical using adaptive multivariate integral and (ii) MC using
Monte Carlo method. Recommend algorithm numerical for (k <= 4) dimen-
sion and MC for (k > 4) dimension based on running time consumption. Default
option is set as numerical.

nsim number of simulations used in algorithm MC.

p a scalar value corresponding to probability.

interval a vector containing the end-points of the interval to be searched. Default value
is setas c(1e-8, 1e8).

n number of observations.

k dimension of data or number of variates.

Details

Generalized multivariate Lomax (Pareto type II) distribution was introduced by Nayak (1987) as a
joint probability distribution of several skewed nonnegative random variables X1, X5, -+, Xj. Its
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probability density function is given by

[T, 09I (S b+ ) T 2

f(xla'”axk): % % 5
(@I, TN+ Sk, )i b

where z; > 0,a,60;,1; >0,i=1,--- k.
Cumulative distribution function F'(z1, ..., x) is obtained by multiple integral

X1 T
F($17~-~>$l~c):/ / flyr, s yk)dyk -+ - dya.
0 0

This multiple integral is calculated by either adaptive multivariate integration using hcubature in
package cubature (Narasimhan et al., 2018) or via Monte Carlo method.

Equicoordinate quantile is obtained by solving the following equation for g through the built-in one
dimension root finding function uniroot:

q q
[ [ o mdean =
0 0

where p is the given cumulative probability.

The survival function F'(x,--- ,xy) is obtained either by the following formula related to cumu-
lative distribution function F'(z1,...,zx) (Joe, 1997)

F(xlv te 71'16) =1+ Z(fl)lleS(:ﬂjaJ € S)v
Ses
or via Monte Carlo method.

Random numbers from generalized multivariate Lomax distribution can be generated by simulating
k independent gamma random variables having a common parameter following gamma distribution
with shape parameter a and scale parameter 1; see Nayak (1987).

Value

dmvglomax gives the numerical values of the probability density.
pmvglomax gives a list of two items:
value cumulative probability

error the estimated relative error by algorithm = "numerical” or the estimated standard error
by algorithm= "MC"

gmvglomax gives the equicoordinate quantile. NaN is returned for no solution found in the given
interval. The result is seed dependent if Monte Carlo algorithm is chosen (algorithm = "MC").

rmvglomax generates random numbers.
smvglomax gives a list of two items:
value the value of survial function

error the estimated relative error by algorithm = "numerical” or the estimated standard error
by algorithm = "MC"
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References

Joe, H. (1997). Multivariate Models and Dependence Concepts. London: Chapman & Hall.

Narasimhan, B., Koller, M., Johnson, S. G., Hahn, T., Bouvier, A., Kiéu, K. and Gaure, S. (2018).
cubature: Adaptive Multivariate Integration over Hypercubes. R package version 2.0.3.

Nayak, T. K. (1987). Multivariate Lomax Distribution: Properties and Usefulness in Reliability
Theory. Journal of Applied Probability, Vol. 24, No. 1, 170-177.

See Also

uniroot for one dimensional root (zero) finding.

Examples
# Calculations for the generalized multivariate Lomax with parameters:
# a =5, thetal = 1, theta2 = 2, 11 =4, 12 =5
# Vector of quantiles: c(5, 6)
dmvglomax(x = c(5, 6), parml = 5, parm2 = c(1, 2), parm3 = c(4, 5)) # Density

# Cumulative Probability using adaptive multivariate integral
pmvglomax(q = c(5, 6), parml = 5, parm2 = c(1, 2), parm3 = c(4, 5))

# Cumulative Probability using Monte Carlo method
pmvglomax(q = c(5, 6), parml = 5, parm2 = c(1, 2), parm3 = c(4, 5), algorithm = "MC")

# Equicoordinate quantile of cumulative probability 0.5
gmvglomax(p = @.5, parml = 5, parm2 = c(1, 2), parm3 = c(4, 5))

# Random numbers generation with sample size 100
rmvglomax(n = 100, parml = 5, parm2 = c(1, 2), parm3 = c(4, 5))

smvglomax(q = c(5, 6), parml = 5, parm2 = c(1, 2), parm3 = c(4, 5)) # Survival function

MvtInvBeta Multivariate Inverted Beta Distribution

Description

Calculation of density function, cumulative distribution function, equicoordinate quantile function
and survival function, and random numbers generation for multivariate inverted beta distribution
with a scalar parameter parm1 and a vector of parameters parm2.
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Usage

dmvinvbeta(x, parml = 1, parm2 = rep(1, k), log = FALSE)

pmvinvbeta(
q,
parml = 1,
parm2 = rep(1, k),
algorithm = c("numerical”, "MC"),
nsim = 1e+0@7
)
gmvinvbeta(
P,
parml = 1,

parm2 = rep(1, k),

interval = c(1e-08, 1e+08),
algorithm = c("numerical”, "MC"),
nsim = 1e+06

)

rmvinvbeta(n, parml = 1, parm2 = rep(1, k))

smvinvbeta(
q,
parml = 1,
parm2 = rep(1, k),
algorithm = c("numerical”, "MC"),
nsim = 1e+0@7
)
Arguments
X vector or matrix of quantiles. If x is a matrix, each row vector constitutes a
vector of quantiles for which the density f(z) is calculated (for i-th row x;,
f(z;) is reported).
parmi a scalar parameter, see parameter a in Details.
parm2 a vector of parameters, see parameter /; in Details.
log logical, if TRUE, probability densities f are given as log(f).
q a vector of quantiles.
algorithm method to be used for calculating cumulative probability. Two options are pro-
vided as (i) numerical using adaptive multivariate integral and (ii) MC using
Monte Carlo method. Recommend algorithm numerical for (k <= 4) dimen-
sion and MC for (kK > 4) dimension based on running time consumption. Default
option is set as numerical.
nsim number of simulations used in algorithm MC.

p a scalar value corresponding to probability.
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interval a vector containing the end-points of the interval to be searched. Default value
is setas c(1e-8, 1e8).
n number of observations.
k dimension of data or number of variates.
Details

Multivariate inverted beta distribution is an alternative expression of multivariate F distribution and
is a special case of multivariate Lomax distribution (Balakrishnan and Lai, 2009). Its probability
density is given as

rP L+ a) [T, 2l

f(xla"'7xp): D X )
D(a)[[T7=; DI+ 207, @) =i tite
where z; > 0,a > 0,1; >0,i=1,--- | p.
Cumulative distribution function F'(z1, ..., xy) is obtained by multiple integral

X Tl
F((Eh,xk):/ / f(ylaayk)dykdyl
0 0

This multiple integral is calculated by either adaptive multivariate integration using hcubature in
package cubature (Narasimhan et al., 2018) or via Monte Carlo method.

Equicoordinate quantile is obtained by solving the following equation for g through the built-in one
dimension root finding function uniroot:

q q
/ / f(;pl,-~-,xk)dxk--~dx1=p,
0 0

where p is the given cumulative probability.

The survival function F'(xy,--- , ;) is obtained either by the following formula related to cumu-
lative distribution function F'(x1,...,x) (Joe, 1997)

F(xlv v 7'Tk) =1+ Z(_l)lleS(l'jaJ € S)v
Ses
or via Monte Carlo method.

Random numbers X, - - - , X} from multivariate inverted beta distribution can be generated through
parameter substitutions in simulation of generalized multivariate Lomax distribution by letting 6; =
1,i=1,--- k.

Value

dmvinvbeta gives the numerical values of the probability density.
pmvinvbeta gives a list of two items:
value cumulative probability

error the estimated relative error by algorithm = "numerical” or the estimated standard error
by algorithm = "MC"
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gmvinvbeta gives the equicoordinate quantile. NaN is returned for no solution found in the given
interval. The result is seed dependent if Monte Carlo algorithm is chosen (algorithm = "MC").

rmvinvbeta generates random numbers.
smvinvbeta gives a list of two items:
value the value of survial function

error the estimated relative error by algorithm = "numerical” or the estimated standard error
by algorithm = "MC"

References

Balakrishnan, N. and Lai, C. (2009). Continuous Bivariate Distributions. 2nd Edition. New York:
Springer.

Joe, H. (1997). Multivariate Models and Dependence Concepts. London: Chapman & Hall.

Narasimhan, B., Koller, M., Johnson, S. G., Hahn, T., Bouvier, A., Kiéu, K. and Gaure, S. (2018).
cubature: Adaptive Multivariate Integration over Hypercubes. R package version 2.0.3.

Nayak, T. K. (1987). Multivariate Lomax Distribution: Properties and Usefulness in Reliability
Theory. Journal of Applied Probability, Vol. 24, No. 1, 170-177.

See Also

uniroot for one dimensional root (zero) finding.

Examples

# Calculations for the multivariate inverted beta with parameters:
#a=7,11=1,12=3

# Vector of quantiles: c(2, 4)

dmvinvbeta(x = c(2, 4), parml = 7, parm2 = c(1, 3)) # Density

# Cumulative Probability using adaptive multivariate integral

pmvinvbeta(q = c(2, 4), parml = 7, parm2 = c(1, 3))

# Cumulative Probability using Monte Carlo method
pmvinvbeta(q = c(2, 4), parml = 7, parm2 = c(1, 3), algorithm = "MC")

# Equicoordinate quantile of cumulative probability 0.5
gmvinvbeta(p = 0.5, parml = 7, parm2 = c(1, 3))

# Random numbers generation with sample size 100
rmvinvbeta(n = 100, parml = 7, parm2 = c(1, 3))

smvinvbeta(q = c(2, 4), parml = 7, parm2 = c(1, 3)) # Survival function
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MvtLogis Multivariate Logistic Distribution

Description

Calculation of density function, cumulative distribution function, equicoordinate quantile function
and survival function, and random numbers generation for multivariate logistic distribution with
vector parameter parm1 and vector parameter parm2.

Usage

dmvlogis(x, parml = rep(1, k), parm2 = rep(1, k), log = FALSE)
pmvlogis(q, parml = rep(1, k), parm2 = rep(1, k))

gmvlogis(p, parml = rep(1, k), parm2 = rep(1, k), interval = c(@, 1e+08))
rmvlogis(n, parml = rep(1, k), parm2 = rep(1, k))

smvlogis(q, parml = rep(1, k), parm2 = rep(1, k))

Arguments
X vector or matrix of quantiles. If x is a matrix, each row vector constitutes a
vector of quantiles for which the density f(z) is calculated (for i-th row x;,
f(x;) is reported).
parmi a vector of location parameters, see parameter /; in Details.
parm2 a vector of scale parameters, see parameters o; in Details.
log logical; if TRUE, probability densities f are given as log( f).
q a vector of quantiles.
p a scalar value corresponding to probability.
interval a vector containing the end-points of the interval to be searched. Default value
is setas c(0Q, 1e8).
number of observations.
k dimension of data or number of variates.
Details

Bivariate logistic distribution was introduced by Gumbel (1961) and its multivariate generalization
was given by Malik and Abraham (1973) as

klexp (— Y1, Zot)
T2, o)1 + Y00, exp (— 2o )ik’

where —o0o <z, pu; < 00,0; > 0,i=1,--- k.

f(xla'"' 7176):
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Cumulative distribution function F(z1, ..., x}) is given as

-1

)

F(xy, - ,op) =

k
1+ Zexp(—xz = fi
i=1 '

Equicoordinate quantile is obtained by solving the following equation for g through the built-in one
dimension root finding function uniroot:

q q
/ / f(g;h.-',zk)dzk---dzl:p,

where p is the given cumulative probability.

The survival function F(z1,--- ,xy) is obtained by the following formula related to cumulative
distribution function F'(z1, ..., z)) (Joe, 1997)

Flzy,- o) =14 Y (1)1 Fs(x;,5 € 9).

SeSs
Random numbers X, -, X, from multivariate logistic distribution can be generated through
transformation of multivariate Lomax random variables Y7, - - - , Y}, by letting X; = p;—o0; In(6,Y;),i =

1,---, k; see Nayak (1987).

Value

dmvlogis gives the numerical values of the probability density.
pmvlogis gives the cumulative probability.

gmvlogis gives the equicoordinate quantile.

rmvlogis generates random numbers.

smvlogis gives the value of survival function

References
Gumbel, E.J. (1961). Bivariate logistic distribution. J. Am. Stat. Assoc., 56, 335-349.
Joe, H. (1997). Multivariate Models and Dependence Concepts. London: Chapman & Hall.
Malik, H. J. and Abraham, B. (1973). Multivariate logistic distributions. Ann. Statist. 3, 588-590.

Nayak, T. K. (1987). Multivariate Lomax Distribution: Properties and Usefulness in Reliability
Theory. Journal of Applied Probability, Vol. 24, No. 1, 170-177.

See Also

uniroot for one dimensional root (zero) finding.
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Examples
# Calculations for the multivariate logistic distribution with parameters:
# mul = 0.5, mu2 = 1, mu3 = 2, sigmal = 1, sigma2 = 2 and sigma3 = 3
# Vector of quantiles: c(3, 2, 1)
dmvlogis(x = ¢(3, 2, 1), parml = c(0.5, 1, 2), parm2 = c(1, 2, 3)) # Density

pmvlogis(q = c(3, 2, 1), parml = c(@.5, 1, 2), parm2 = c(1, 2, 3)) # Cumulative Probability

# Equicoordinate quantile of cumulative probability 0.5
gmvlogis(p = 0.5, parml = c(@.5, 1, 2), parm2 = c(1, 2, 3))

# Random numbers generation with sample size 100
rmvlogis(n = 100, parml = c(@0.5, 1, 2), parm2 = c(1, 2, 3))

smvlogis(gq = c(3, 2, 1), parml = c(0.5, 1, 2), parm2 = c(1, 2, 3)) # Survival function

MvtLomax Multivariate Lomax (Pareto Type I1) Distribution

Description

Calculation of density function, cumulative distribution function, equicoordinate quantile function
and survival function, and random numbers generation for multivariate Lomax (Pareto Type II)
distribution with a scalar parameter parm1 and vector parameter parm2.

Usage

dmvlomax(x, parml = 1, parm2 = rep(1, k), log = FALSE)

pmvlomax(q, parml = 1, parm2 = rep(1, k))

gmvlomax(p, parml = 1, parm2 rep(1, k), interval = c(0, 1e+08))

rmvlomax(n, parml = 1, parm2 = rep(1, k))

smvlomax(q, parml = 1, parm2 = rep(1, k))
Arguments
X vector or matrix of quantiles. If x is a matrix, each row vector constitutes a
vector of quantiles for which the density f(z) is calculated (for i-th row x;,
f(x;) is reported).
parmi a scalar parameter, see parameter a in Details.
parm2 a vector of parameters, see parameters 6; in Details.

log logical; if TRUE, probability densities f are given as log( f).
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q a vector of quantiles.
p a scalar value corresponding to probability.
interval a vector containing the end-points of the interval to be searched. Default value
is set as c(0Q, 1e8).
n number of observations.
k dimension of data or number of variates.
Details

Multivariate Lomax (Pareto type II) distribution was introduced by Nayak (1987) as a joint prob-
ability distribution of several skewed positive random variables X7, Xs,--- , Xj. Its probability
density function is given by

M5, 0iala+1)--(a+k—1)

flzr, 0, 21) = )
(1+ Zf:l Oiw;)oth
where z; > 0,a > 0,0; >0, =1,...,k.
Cumulative distribution function F'(zy,..., ) is obtained by the following formula related to
survival function F'(z1,...,xz;) (Joe, 1997)

Fzy,...oax) =1+ > (=) Fs(x;,j € 9),
Ses

where the survival function is given by

K
Fzy,...oz) = (1+ Zoixi)ia-
i=1

Equicoordinate quantile is obtained by solving the following equation for g through the built-in one
dimension root finding function uniroot:

q q
/ / f(xl,"',$k)dl'k"~d1'1:p,
0 0

where p is the given cumulative probability.

Random numbers from multivariate Lomax distribution can be generated by simulating & inde-
pendent exponential random variables having a common environment parameter following gamma
distribution with shape parameter a and scale parameter 1; see Nayak (1987).

Value

dmvlomax gives the numerical values of the probability density.
pmv1lomax gives the cumulative probability.

gmvlomax gives the equicoordinate quantile.

rmvlomax generates random numbers.

smvlomax gives the value of survival function.
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References

Joe, H. (1997). Multivariate Models and Dependence Concepts. London: Chapman & Hall.
Nayak, T. K. (1987). Multivariate Lomax Distribution: Properties and Usefulness in Reliability

Theory. Journal of Applied Probability, Vol. 24, No. 1, 170-177.
See Also

uniroot for one dimensional root (zero) finding.

Examples

# Calculations for the multivariate Lomax with parameters:
# a =5, thetal = 1, theta2 = 2 and theta3 = 3.
# Vector of quantiles: c(3, 2, 1)

dmvlomax(x = c(3, 2, 1), parml =5, parm2 = c(1, 2, 3)) # Density

pmvlomax(q = c(3, 2, 1), parml 5, parm2 = c(1, 2, 3)) # Cumulative Probability

# Equicoordinate quantile of cumulative probability 0.5
gmvlomax(p = 0.5, parml = 5, parm2 = c(1, 2, 3))

# Random numbers generation with sample size 100
rmvlomax(n = 100, parml =5, parm2 = c(1, 2, 3))

smvlomax(q = ¢c(3, 2, 1), parml =5, parm2 = c(1, 2, 3)) # Survival function

MvtMardiaParetol Mardia’s Multivariate Pareto Type I Distribution

Description

Calculation of density function, cumulative distribution function, equicoordinate quantile function
and survival function, and random numbers generation for Mardia’s multivariate Pareto Type I
distribution with a scalar parameter parm1 and a vector of parameters parm2.

Usage
dmvmparetol(x, parml = 1, parm2 = rep(1, k), log = FALSE)

rep(1, k))

pmvmparetol(q, parml 1, parm2
gmvmparetol(

P,

parml = 1,

parm2 = rep(1, k),

interval = c(max(1/parm2) + 1e-08, 1e+08)
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)

rmvmparetol(n, parml = 1, parm2 = rep(1, k))

smvmparetol(q, parml = 1, parm2 = rep(1, k))

Arguments

X vector or matrix of quantiles. If x is a matrix, each row vector constitutes a
vector of quantiles for which the density f(z) is calculated (for i-th row x;,
f(x;) is reported).

parmi a scalar parameter, see parameter a in Details.

parm2 a vector of parameters, see parameters 6; in Details.

log logical; if TRUE, probability densities f are given as log( f).

q a vector of quantiles.

p a scalar value corresponding to probability.

interval a vector containing the end-points of the interval to be searched. Default value
is set as c(max (1 / parm2) + 1e-8, 1e8) according to x; > 1/6;,0;, > 0,1 =
1, k.

n number of observations.

k dimension of data or number of variates.

Details

Multivariate Pareto type I distribution was introduced by Mardia (1962) as a joint probability dis-

tribution of several nonnegative random variables X, - - - , Xj. Its probability density function is

given by

[Hr];:l Hi}a(a + 1) e (a +k— 1)
(Zle 9ixi —k —+ 1)a+k
where z; > 1/6;,a >0,0; >0,i=1,--- k.

f(I17"' axk):

Cumulative distribution function F'(x1, ..., ) is obtained by the following formula related to
survival function F'(z1,...,xx) (Joe, 1997)

Fzy,...,ap) =1+ > (=) Fy(x;,j € 9),
Ses

where the survival function is given by

k, —a
F(xla"'axk):<20i$i_k’+1> .
i=1

Equicoordinate quantile is obtained by solving the following equation for g through the built-in one
dimension root finding function uniroot:

q q
/ / f(xl,-.-7xk)dxk--~dw1=p7
0 0
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where p is the given cumulative probability.

Random numbers X7, - - - , X} from Mardia’s multivariate Pareto type I distribution can be gener-
ated through linear transformation of multivariate Lomax random variables Y7, - - - , Yy by letting
X, =Y, +1/6;,i=1,--- ,k; see Nayak (1987).

Value

dmvmpareto1 gives the numerical values of the probability density.
pmvmparetol gives the cumulative probability.

gmvmparetol gives the equicoordinate quantile.

rmvmparetol generates random numbers.

smvmparetol gives the value of survival function.

References

Joe, H. (1997). Multivariate Models and Dependence Concepts. London: Chapman & Hall.
Mardia, K. V. (1962). Multivariate Pareto distributions. Ann. Math. Statist. 33, 1008-1015.

Nayak, T. K. (1987). Multivariate Lomax Distribution: Properties and Usefulness in Reliability
Theory. Journal of Applied Probability, Vol. 24, No. 1, 170-177.

See Also

uniroot for one dimensional root (zero) finding.

Examples

# Calculations for the Mardia's multivariate Pareto Type I with parameters:
# a =5, thetal = 1, theta2 = 2, theta3 = 3
# Vector of quantiles: c(2, 1, 1)

dmvmparetol(x = c(2, 1, 1), parml =5, parm2 = c(1, 2, 3)) # Density
pmvmparetol(q = c(2, 1, 1), parml =5, parm2 = c(1, 2, 3)) # Cumulative Probability

# Equicoordinate quantile of cumulative probability 0.5
gmvmparetol(p = 0.5, parml = 5, parm2 = c(1, 2, 3))

# Random numbers generation with sample size 100
rmvmparetol(n = 100, parml = 5, parm2 = c(1, 2, 3))

smvmparetol(q = c(2, 1, 1), parml =5, parm2 = c(1, 2, 3)) # Survival function
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MvtUniform Cook-Johnson’s Multivariate Uniform Distribution

Description

Calculation of density function, cumulative distribution function, equicoordinate quantile function
and survival function, and random numbers generation for Cook-Johnson’s multivariate uniform
distribution with a scalar parameter parm.

Usage

dmvunif(x, parm = 1, log = FALSE)

pmvunif(qg, parm = 1)

gmvunif(p, parm = 1, dim = k, interval = c(@, 1))

rmvunif(n, parm = 1, dim = 1)

smvunif(q, parm = 1)

Arguments
X vector or matrix of quantiles. If x is a matrix, each row vector constitutes a
vector of quantiles for which the density f(z) is calculated (for i-th row x;,
f(x;) is reported).
parm a scalar parameter, see parameter a in Details.
log logical; if TRUE, probability densities f are given as log(f).
q a vector of quantiles.
p a scalar value corresponding to probability.
dim dimension of data or number of variates (k).
interval a vector containing the end-points of the interval to be searched. Default value
issetas c(@, 1).
n number of observations.
Details

Multivariate uniform distribution of Cook and Johnson (1981) is a joint distribution of uniform
variables over (0, 1] and its probability density is given as

T(a+k) 1 b e
_ a (-1/a)—1 —1/a
f(xla"'vxk)_ F(a)ak sz [Zmz k+1 ’
i=1 =1
where 0 < z; <= 1,a > 0,7 = 1,--- , k. In fact, Cook-Johnson’s uniform distribution is also

called Clayton copula (Nelsen, 20006).
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Cumulative distribution function F(z1, ..., x}) is given as

—a

k
F(xy, - ,x) = [mel/ak+1

i=1

Equicoordinate quantile is obtained by solving the following equation for g through the built-in one
dimension root finding function uniroot:

q q
/ / f(xl,-~-,gck)dxk--~dx1=p7
0 0

where p is the given cumulative probability.

The survival function F'(z1,--- ,x) is obtained by the following formula related to cumulative
distribution function F'(z1, ..., zx) (Joe, 1997)

Flzy,- o) =143 (1)1 Fg(x;,5 € 9).
Ses

Random numbers X7, - - - , X, from Cook-Johnson’s multivariate uniform distribution can be gen-
erated through transformation of multivariate Lomax random variables Y7, - - - , Yy by letting X; =
(14+6;Y;)"*i=1,---,k; see Nayak (1987).

Value

dmvunif gives the numerical values of the probability density.
pmvunif gives the cumulative probability.

gmvunif gives the equicoordinate quantile.

rmvunif generates random numbers.

smvunif gives the value of survival function.

References

Cook, R. E. and Johnson, M. E. (1981). A family of distributions for modeling non-elliptically
symmetric multivariate data. J.R. Statist. Soc. B 43, No. 2, 210-218.

Joe, H. (1997). Multivariate Models and Dependence Concepts. London: Chapman & Hall.

Nayak, T. K. (1987). Multivariate Lomax Distribution: Properties and Usefulness in Reliability
Theory. Journal of Applied Probability, Vol. 24, No. 1, 170-177.

Nelsen, R. B. (2006). An Introduction to Copulas, Second Edition. New York: Springer.

See Also

uniroot for one dimensional root (zero) finding.
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Examples
# Calculations for the Cook-Johnson's multivariate uniform distribution with parameters:
#a=2, dim =3
# Vector of quantiles: c(0.8, 0.5, 0.2)
dmvunif(x = c(0.8, 0.5, 0.2), parm = 2) # Density

pmvunif(q = c(0.8, 0.5, 0.2), parm = 2) # Cumulative Probability

# Equicoordinate quantile of cumulative probability 0.5
gmvunif(p = 0.5, parm = 2, dim = 3)

# Random numbers generation with sample size 100
rmvunif(n = 100, parm = 2, dim = 3)

smvunif(q = c(0.8, 0.5, 0.2), parm = 3) # Survival function
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