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checkClosedUnitBall  Domain check for closed unit ball {Z € R"n : ||z||_2 < 1}

Description

The function checks if a point (one row in the input argument) is inside the closed unit ball
{Z € R" : ||z|l2 < 1} or not. If the input matrix contains entries that are not numeric, i.e., not
representing real numbers, the function throws an error. The dimension n is automatically inferred
from the input matrix and is equal to the number of columns.

Usage
checkClosedUnitBall(x)

Arguments

X Matrix with numeric entries. Each row represents one point

Value

Vector where each element (TRUE or FALSE) indicates if a point is in the closed unit ball
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Examples

x <- matrix(rnorm(30),10,3)
checkClosedUnitBall(x)

checkClosedUnitCube  Domain check for closed unit hypercube [0,1]"n

Description

The function checks if a point (one row in the input argument) is inside the closed unit hypercube
[0,1]™ or not. If the input matrix contains entries that are not numeric, i.e., not representing real
numbers, the function throws an error. The dimension n is automatically inferred from the input
matrix and is equal to the number of columns.

Usage

checkClosedUnitCube(x)

Arguments

X Matrix with numeric entries. Each row represents one point

Value

Vector where each element (TRUE or FALSE) indicates if a point is in the unit hypercube

Examples

x <- matrix(rnorm(30),10,3)
checkClosedUnitCube(x)

checkRn Domain check for R™n

Description

The function checks if a point (one row in the input argument) is inside the n-dimensional Euclidean
space R" = x[_; R or not. In this case the return values are all TRUE. If the input matrix contains
entries that are not numeric, i.e., not representing real numbers, the function throws an error. The
dimension n is automatically inferred from the input matrix and is equal to the number of columns.

Usage
checkRn(x)



4 checkStandardSimplex

Arguments

X Matrix with numeric entries. Each row represents one point

Value

Vector where each element (TRUE or FALSE) indicates if a point is in R*n

Examples

x <- matrix(rnorm(30),10,3)
checkRn(x)

checkStandardSimplex  Domain check for standard simplex {Z € R™n : x_i > 0, ||z|_1 < 1}

Description

The function checks if a point (one row in the input argument) is inside the standard simplex {Z €
R™ : z; >,||z||y < 1} or not. If the input matrix contains entries that are not numeric, i.e., not
representing real numbers, the function throws an error. The dimension n is automatically inferred
from the input matrix and is equal to the number of columns.

Usage

checkStandardSimplex(x)

Arguments

X Matrix with numeric entries. Each row represents one point

Value

Vector where each element (TRUE or FALSE) indicates if a point is in the standard simplex

Examples

x <- matrix(rnorm(30),10,3)
checkStandardSimplex(x)
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checkUnitSphere Domain check for unit sphere {¥ € R"n : ||z||_2 = 1}

Description

The function checks if a point (one row in the input argument) is inside the unit sphere {Z € R" :
||z||2 = 1} or not. If the input matrix contains entries that are not numeric, i.e., not representing real
numbers, the function throws an error. The dimension n is automatically inferred from the input
matrix and is equal to the number of columns. The function allows for an additional parameter
e>0totest {f € R":1—¢ < ||z]]2 < 1+ ¢}. WARNING: Due to floating point arithmetic the
default value of ¢ = 0 will not work properly in most cases.

Usage

checkUnitSphere(x, eps = 0)

Arguments

X Matrix with numeric entries. Each row represents one point

eps Non-negative numeric that allows to test points with an additional tolerance
Value

Vector where each element (TRUE or FALSE) indicates if a point is in the unit sphere

Examples

x <- matrix(rnorm(30),10,3)
checkUnitSphere(x,eps=0.001)

domainCheck Check if node points are in the domain of a test function instance

Description

domainCheck is a generic function that allows to test if a collection of evaluation points are inside
the integration domain associated to the test function instance or not.
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Usage
domainCheck(object, x)

## S4 method for signature 'Rn_Gauss,matrix’
domainCheck(object, x)

## S4 method for signature 'Rn_floorNorm,matrix’
domainCheck(object, x)

## S4 method for signature 'standardSimplex_Dirichlet,matrix’
domainCheck(object, x)

## S4 method for signature 'standardSimplex_exp_sum,matrix’
domainCheck(object, x)

## S4 method for signature 'unitBall_normGauss,matrix’
domainCheck(object, x)

## S4 method for signature 'unitBall_polynomial,matrix’
domainCheck(object, x)

## S4 method for signature 'unitCube_cos2,matrix’
domainCheck(object, x)

## S4 method for signature 'unitCube_floor,matrix'
domainCheck(object, x)

## S4 method for signature 'unitSphere_innerProductl,matrix’
domainCheck(object, x)

## S4 method for signature 'unitSphere_polynomial,matrix’'
domainCheck(object, x)

Arguments

object Test function that gets evaluated

X Matrix where each row represents one evaluation point
Value

Vector where each element (TRUE or FALSE) indicates if a point (row in the input matrix) is in the
integration domain

Author(s)

Klaus Herrmann
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domainCheckP Check if node points are in the domain of a test function instance
("overload" of domainCheck with additional parameter)

Description

domainCheckP is a generic function that allows to test if a collection of evaluation points are in-
side the integration domain associated to the test function instance or not. This "overload" of do-
mainCheck allows to pass a list of additional parameters.

Usage
domainCheckP(object, x, param)

## S4 method for signature 'unitSphere_innerProductl,matrix,list’
domainCheckP(object, x, param)

## S4 method for signature 'unitSphere_polynomial,matrix,list’
domainCheckP(object, x, param)

Arguments
object Test function that gets evaluated
X Matrix where each row represents one evaluation point
param List of additional parameters

Value

Vector where each element (TRUE or FALSE) indicates if a point (row in the input matrix) is in the
integration domain

Author(s)

Klaus Herrmann

evaluate Evaluate test function instance for a set of node points

Description

evaluate is a generic function that evaluates the test function instance for a collection of evaluation
points.
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Usage
evaluate(object, x)

## S4 method for signature 'Rn_Gauss,matrix’
evaluate(object, x)

## S4 method for signature 'Rn_floorNorm,matrix’
evaluate(object, x)

## S4 method for signature 'standardSimplex_Dirichlet,matrix’
evaluate(object, x)

## S4 method for signature 'standardSimplex_exp_sum,matrix’
evaluate(object, x)

## S4 method for signature 'unitBall_normGauss,matrix’
evaluate(object, x)

## S4 method for signature 'unitBall_polynomial,matrix'
evaluate(object, x)

## S4 method for signature 'unitCube_cos2,matrix’
evaluate(object, x)

## S4 method for signature 'unitCube_floor,matrix’
evaluate(object, x)

## S4 method for signature 'unitSphere_innerProductl,matrix’
evaluate(object, x)

## S4 method for signature 'unitSphere_polynomial,matrix'
evaluate(object, x)

Arguments

object Test function that gets evaluated

X Matrix where each row represents one evaluation point
Value

Vector where each element is an evaluation of the test function for a node point (row in x)

Author(s)

Klaus Herrmann
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exactIntegral Get exact integral for test function instance

Description

exactIntegral is a generic function that allows to calculate the exact value of a test function instance
over the associated integration domain.

Usage

exactIntegral (object)

## S4 method for signature
exactIntegral (object)

## S4 method for signature
exactIntegral(object)

## S4 method for signature
exactIntegral (object)

## S4 method for signature
exactIntegral (object)

## S4 method for signature
exactIntegral (object)

## S4 method for signature
exactIntegral (object)

## S4 method for signature
exactIntegral(object)

## S4 method for signature
exactIntegral (object)

## S4 method for signature
exactIntegral(object)

## S4 method for signature
exactIntegral (object)

Arguments

object

'Rn_Gauss'

'Rn_floorNorm'

'standardSimplex_Dirichlet'

'standardSimplex_exp_sum'

'unitBall_normGauss'

'unitBall_polynomial'

"unitCube_cos2'

"unitCube_floor'

"unitSphere_innerProduct1’

"unitSphere_polynomial'

The test function that gets evaluated
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Value

Numeric value of the integral of the test function

Author(s)

Klaus Herrmann

getIntegrationDomain  Get description of integration domain for test function instance

Description
getIntegrationDomain is a generic function that returns a description of the integration domain
associate to the test function instance.

Usage
getIntegrationDomain(object)

## S4 method for signature 'Rn_Gauss'
getIntegrationDomain(object)

## S4 method for signature 'Rn_floorNorm'
getIntegrationDomain(object)

## S4 method for signature 'standardSimplex_Dirichlet'
getIntegrationDomain(object)

## S4 method for signature 'standardSimplex_exp_sum'
getIntegrationDomain(object)

## S4 method for signature 'unitBall_normGauss'
getIntegrationDomain(object)

## S4 method for signature 'unitBall_polynomial'
getIntegrationDomain(object)

## S4 method for signature 'unitCube_cos2'
getIntegrationDomain(object)

## S4 method for signature 'unitCube_floor'
getIntegrationDomain(object)

## S4 method for signature 'unitSphere_innerProductl'’
getIntegrationDomain(object)

## S4 method for signature 'unitSphere_polynomial'
getIntegrationDomain(object)
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Arguments

object Test function for which the description is returned

Value

Description of the integration domain of the function

Author(s)

Klaus Herrmann

getReferences Get references for test function instance

Description

getReferences is a generic function that returns a vector of references associated to the test function
instance.

Usage

getReferences(object)

## S4 method for signature 'Rn_Gauss'
getReferences(object)

## S4 method for signature 'Rn_floorNorm'
getReferences(object)

## S4 method for signature 'standardSimplex_Dirichlet'
getReferences(object)

## S4 method for signature 'standardSimplex_exp_sum'
getReferences(object)

## S4 method for signature 'unitBall_normGauss'
getReferences(object)

## S4 method for signature 'unitBall_polynomial'
getReferences(object)

## S4 method for signature 'unitCube_cos2'
getReferences(object)

## S4 method for signature 'unitCube_floor'
getReferences(object)
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## S4 method for signature 'unitSphere_innerProduct1’
getReferences(object)

## S4 method for signature 'unitSphere_polynomial'
getReferences(object)

Arguments

object Test function for which the references are returned

Value

Vector with references for the specific function

Author(s)

Klaus Herrmann

getTags Get tags for test function instance

Description

getTags is a generic function that returns a vector of tags associated to the test function instance.
Usage
getTags(object)

## S4 method for signature 'Rn_Gauss'
getTags(object)

## S4 method for signature 'Rn_floorNorm'
getTags(object)

## S4 method for signature 'standardSimplex_Dirichlet'
getTags(object)

## S4 method for signature 'standardSimplex_exp_sum'
getTags(object)

## S4 method for signature 'unitBall_normGauss'
getTags(object)

## S4 method for signature 'unitBall_polynomial'
getTags(object)

## S4 method for signature 'unitCube_cos2'
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getTags(object)

## S4 method for signature 'unitCube_floor'
getTags(object)

## S4 method for signature 'unitSphere_innerProductl'’
getTags(object)

## S4 method for signature 'unitSphere_polynomial'

getTags(object)

Arguments

object Test function for which the tags are returned

Value

Vector with tags related to the function

Author(s)

Klaus Herrmann

multIntTestFunc multintTestFunc: A package to define test functions for multivariate
numerical integration.

Description

The multIntTestFunc package provides multivariate test functions to test numerical integration rou-
tines.

multIntTestFunc functions

The multIntTestFunc functions ...
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Rn_Gauss-class

I(n/241)

Rn_floorNorm-class An S84 class to represent the function

7 n/2(1+]||Z]|_2°n]) s

on R™n

Description

Implementation of the function

I'(n/2+1)

FR = [Loo), B2 f@) = SR ]

where n € {1,2,3,...} is the dimension of the integration domain R™ =
paramter. In this case the integral is know to be

f(@)dT = ((s),

R n

where ((s) is the Riemann zeta function.

Details

The instance needs to be created with two parameters representing n and s.

Slots

dim An integer that captures the dimension

s A numeric value bigger than 1 representing a power

Examples

n <- as.integer(3)
f <- new("Rn_floorNorm”, dim=n,s=2)

x* Rands > 1lisa

Rn_Gauss-class An S4 class to represent the function exp(—Z - T)

on R™n

Description

Implementation of the function

n

f:R" = (0,00), & f(F) = exp(—7 - &) = exp(— Y _ a7),

i=1

where n € {1,2,3,...} is the dimension of the integration domain R™ = x!'_; R. In this case the

integral is know to be

f(@)dz = ="/2.
Rn
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Details

The instance needs to be created with one parameter representing n.

Slots

dim An integer that captures the dimension

Examples

n <- as.integer(3)
f <- new("Rn_Gauss",dim=n)

standardSimplex_Dirichlet-class
An §4 class to represent the function [ _i =1 nax_i"v_i — 1(1 —
z 1l—...—z_n)vn+1—1onT_n

Description

Implementation of the function

fiTw = (0,00), & f(@) = [[aV Q=21 — ... — 207

i=1

v

where n € {1,2,3,...} is the dimension of the integration domain 7,, = {# € R"™ : x;
0,|Z|ly <1}andw; > 0,7 =1,...,n+ 1, are constants. The integral is known to be

N 1= H?:fr(vi)
/T,I T = Fmt )

where v; > 0fort=1,...,n+ 1.

Details
The instance needs to be created with two parameters representing the dimension n and the vector
of positive parameters.

Slots

dim An integer that captures the dimension

v A vector of dimension n + 1 with positive entries representing the constants

Examples

n <- as.integer(3)
f <- new("standardSimplex_Dirichlet”,dim=n,v=c(1,2,3,4))
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standardSimplex_exp_sum-class

An §4 class to represent the function exp(—c(x_1+ ...+ z_n)) on
T n

Description

Implementation of the function
[T = (0,00), T f(Z) = exp(—c(z1+... +2n)),

where n € {1,2,3,...} is the dimension of the integration domain 7,, = {# € R™ : z; >
0,||Z][1 < 1} and ¢ > 0 is a constant. The integral is known to be

o, I'(n)—=T(n,c)
/T L

where I'(s, x) is the incomplete gamma function.

Details

The instance needs to be created with two parameters representing the dimension n and the param-
eter ¢ > 0.

Slots

dim An integer that captures the dimension

coeff A strictly positive number representing the constant

Examples

n <- as.integer(3)
f <- new("standardSimplex_exp_sum”,dim=n,coeff=1)

unitBall_normGauss-class
An S4 class to represent the function W exp(—||Z]|_272/2) on
B'n
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Description

Implementation of the function

i Bu = [0.00), 7> J(8) = i expl-F13/2) = o7 el >4,

where n € {1,2,3,...} is the dimension of the integration domain B,, = {Z € R" : ||Z||s < 1}.
In this case the integral is know to be

| 1@z =Pz <1)=Fg ),
Bn
where Z follows a chisquare distribution with n degrees of freedom.

Details

The instance needs to be created with one parameter representing n.

Slots

dim An integer that captures the dimension

Examples

n <- as.integer(3)
f <- new("unitBall_normGauss”,dim=n)

unitBall_polynomial-class
An S84 class to represent the function [[_i = 1"nxz_i"a_i on B_n

Description

Implementation of the function

n

fiBy = R, 3 f(&) =[] 5",

i=1
where n € {1,2,3,...} is the dimension of the integration domain B,, = {Z € R" : ||Z]]2 < 1}
and a; € {0,1,2,3,...},i =1,...,n, are parameters. If at least one of the coefficients a; is odd,
ie,a; € {1,3,5,7,...} for at leas one i = 1, ..., n, the integral is zero, otherwise the integral is

known to be

e [T, T(b:)
f X dm = 2 n = n I
[, #00 = e

where b; = (a; +1)/2.
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Details

The instance needs to be created with two parameters representing the dimension n and a n-
dimensional vector of integers (including 0) representing the exponents.

Slots

dim An integer that captures the dimension

expo An vector that captures the exponents

Examples

n <- as.integer(3)
f <- new("unitBall_polynomial”,fdim=n,expo=c(1,2,3))

—

unitCube_cos2-class  An S4 class to represent the function (cos(Z - 7)) 2 on [0,1]"n

Description

Implementation of the function
£:10,1]" = [0,1], &+ f(Z) = (cos(Z - ¥))?,

where n € {1,2,3,...} is the dimension of the integration domain C,, = [0,1]" and ¥ is a n-
dimensional parameter vector where each entry is different from 0. The integral is known to be

Details

The instance needs to be created with two parameters representing the dimension n and the n-
dimensional parameter vector where each entry is different from 0.

Slots

dim An integer that captures the dimension

coeffs A vector of non-zero parameters

Examples

n <- as.integer(3)
f <= new("unitCube_cos2",dim=n, coeffs=c(-1,2,-2))
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unitCube_floor-class An S4 class to represent the function |x_1+ ...+ x_n|on[0,1]"n

Description

Implementation of the function
f0,1]" = [0,n], = f(Z) = 21 4. 4 0],

where n € {1,2,3,...} is the dimension of the integration domain C,, = [0,1]™. The integral is

known to be
n—1

/Cn J(@)dE = =

Details

The instance needs to be created with one parameter representing the dimension n.

Slots

dim An integer that captures the dimension

Examples

n <- as.integer(3)
f <= new("unitCube_floor"”,dim=n)

-,

unitSphere_innerProducti-class
An S4 class to represent the function (Z - @)(Z-b) on S"n — 1

Description

Implementation of the function

-,

FiS"V S R B f(7) = (&-a)(F- D),

where n € {1,2,3, ...} is the dimension of the integration domain S"~! = {# € R" : ||7||> = 1}
and @ and b are two n-dimensional parameter vectors. The integral is known to be

L 2™2(@ - b)
/Sn_l J@)dE = = sy

where @ € R™ and b € R™.
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Details

Due to the difficulty of testing ||Z]|]2 = 1 in floating point arithmetic this class also implements
the function "domainCheckP". This allows to pass a list with an additional non-negative parameter
"eps"” representing a non-negative real number € and allows to test 1 — ¢ < ||Z]|2 < 1 + €. See also
the documentation of the function "checkUnitSphere" that is used to perform the checks.

The instance needs to be created with three parameters representing the dimension n and the two
n-dimensional (real) vectors @ and b.

Slots

dim An integer that captures the dimension
a A n-dimensional real vector

b A n-dimensional real vector

Examples

n <- as.integer(3)
f <- new("unitSphere_innerProductl1”,dim=n,a=c(1,2,3),b=c(-1,-2,-3))

unitSphere_polynomial-class
An 84 class to represent the function || _i = 1"nz_i"a_ion S™n — 1

Description

Implementation of the function
f:8"N S R Ee f(E) =[]

where n € {1,2,3,...} is the dimension of the integration domain S"~! = {# € R" : ||7||> = 1}
and a; € {0,1,2,3,...},i = 1,...,n, are parameters. If at least one of the coefficients a; is odd,
ie,a; € {1,3,5,7,...} for at leas one i = 1,...,n, the integral is zero, otherwise the integral is

known to be N
[L-, (%)

f(@)dz = 2= =———,
/S"*l ( ) F(Zi:l b;)
where b; = (a; +1)/2.

Details

Due to the difficulty of testing ||Z|| = 1 in floating point arithmetic this class also implements
the function "domainCheckP". This allows to pass a list with an additional non-negative parameter
"eps"” representing a non-negative real number € and allows to test 1 — ¢ < ||Z]|2 < 1+ €. See also
the documentation of the function "checkUnitSphere" that is used to perform the checks.

The instance needs to be created with two parameters representing the dimension n and a n-
dimensional vector of integers (including 0) representing the exponents.
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Slots

dim An integer that captures the dimension

expo An vector that captures the exponents

Examples

n <- as.integer(3)
f <- new("unitSphere_polynomial”,dim=n,expo=c(1,2,3))

21
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