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1 Base Objects

In this section a description of general objects is given. These objects are used in the different following sections.

1.1 BoolCollection
Usage :

BoolCollection(size)

BoolCollection(size, value)
Arguments :

size : an integer, the size of the boolean values collection. It must be > 0.

integer : an integer, the boolean value. It must be > 0.
Value : a BoolCollection

in the first usage, the BoolCollection is a list a size size with the value 0.

in the second usage, the BoolCollection is a list a size size with the value integer. If integer > 0, it
corresponds to True. If integer = 0, it corresponds to False.

Some methods :
add

Usage : add(value)
Arguments : value : an integer, the boolean value to be added. It must be > 0.

Value : a BoolCollection which size has been increased of 1 and which last value is value.

getSize
Usage : getSize()

Arguments : none

Value : an integer, the number of boolean values.

resize

Usage : resize(newsize)
Arguments : newsize : an integer, the new size of the collection of boolean values.

Value : a BoolCollection which size has been modified to newsize. If newsize > size, then the added
boolean values are equal to 0. If newsize < size, the BoolCollection is restricted to its first newsize
components.

at

Usage : at(i)
Arguments : ¢ : an integer. Must be < to the BoolCollection size.

Value : an integer, the value of the component 4.
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1.2 Description
Usage :

Description(dim)

(

Description(dim, name)

Description(sequence)
(

Description(array)
Arguments :

dim : an integer, the dimension of the Description
name : a string to name the Description
sequence : a python list / tuple of strings

array : an 1-d string numpy array
Value : a Description

Some methods :

[]

Usage : Description]i
Arguments : ¢ : an integer, constraint : 0 < ¢ < dim — 1
Value : a string, the description of the (i + 1)-th element of the Description

add
Usage : add(str)
Arguments : str : a string

Value : an element is added to the Description which name is str

getSize
Usage : getSize()
Arguments : none

Value : an integer, the size of the Description (dim)

getName
Usage : getName()

Arguments : none

Value : a string, the name of the Description

setName

Usage : setName(name)
Arguments : name : a string to name the Description

Value : the Description is then named name
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1.3 Indices
Usage :
Indices(dim)

Indices(sequence)
Arguments :

dim : an integer, the size of the collection

sequence : a python list / tuple of integers
Value : a Indices
Details :

This object represents a set of integers

Some methods :

[]
Usage : indices]i]
Arguments : ¢ : an integer, constraint : 0 < ¢ < dim — 1
Value : a string, the description of the (i 4 1)-th element of the Indices

add
Usage : add(index)
Arguments : index : an integer
Value : an element is added to the Indices which value is index

getSize
Usage : getSize()
Arguments : none

Value : an integer, the size of the Indices (dim)

getName
Usage : getName()

Arguments : none

Value : a string, the name of the Indices

setName

Usage : setName(name)
Arguments : name : a string to name the Indices

Value : the Indices is then named name
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1.4 Domain
Usage :

Domain()

Domain(a,b)
Arguments :

a : a NumericalPoint of dimension d, the "lower bound" of the domain

a : a NumericalPoint of dimension d, the "upper bound" of the domain
Value : a Domain.
while calling the second constructor, the domain is an Interval (similar to call Interval(a,b))

Examples :

[a,b] : Domain(a,b)
[a,b] : Domain(Interval(a,b))

Some methods :

getDimension

Usage : get Dimension()

Arguments : no argument

Value : an integer, the dimension of the Domain (returns dim)
getName

Usage : getName()

Arguments : none

Value : a string, the name of the Domain

contains
Usage : contains(point)
Arguments : a NumericalPoint with the same dimension as the current domain’s dimension
Value : a Bool telling if the given point is inside of the domain or not.
setName
Usage : setName(name)
Arguments : name : a string

Value : the Domain is named name
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1.5 HistogramPair
Usage : HistogramPair(h,1)
Arguments :

h : a real value, the height of each element of the Histogram

[ : areal value, the width of each element of the Histogram
Value : a HistogramPair
Details :

This object is used to build a HistogramPairCollection (hence, also used to create an Histogram)
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1.6 HistogramPairCollection
Usage : HistogramPairCollection(dim)

Arguments : dim : an integer, the number of elements of the HistogramPairCollection
Value : a HistogramPairCollection, to be filled after

Some methods :

[

Usage : HistogramPairCollection]i]

Arguments : ¢ : an integer, must be < dim

Value : a HistogramPair, the (i + 1)-th of the HistogramPairCollection
add

Usage : add(HistP)

Arguments : HistP : a HistogramPair

Value : an HistogramPairCollection of Size = dim + 1 with instance of the dim + 1-th element of

the HistogramPairCollection

getSize

Usage : getSize()

Arguments : no argument

Value : an integer, the size of HistogramPairCollection (returns dim)
str

Usage : str()

Arguments : no argument

Value : a string with elements of HistogramPairCollection
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1.7 HistoryStrategy

In order to prevent a memory problem, the User has the possibility to choose the storage strategy used to save
the numerical samples. Four strategies are proposed :

e the Null strategy where nothing is stored. This strategy is proposed by the Null class which requires to
specify no argument.

e theFull strategy where every point is stored. Be careful! The memory will be exhausted for huge samples.
This strategy is proposed by the Full class which requires to specify no argument.

e the Last strategy where only the N last points are stored, where N is specified by the User. This strategy
is proposed by the Last class which requires to specify the number of points to store.

e the Compact strategy where a regularly spaced sub-sample is stored. The minimum size N of the stored
numerical sample is specified by the User. Open TURNS proceeds as follows :

1.
2.

6.

it stores the first 2NV simulations : the size of the stored sample is 21V,

it selects only 1 out of 2 of the stored simulations : then the size of the stored sample decreases to
N (this is the compact step),

it stores the next N simulations when selecting 1 out of 2 of the next simulations : the size of the
stored sample is 2V,

it selects only 1 out of 2 of the stored simulations : then the size of the stored sample decreases to
N,

. it stores the next N simulations when selecting 1 out of 4 of the next simulations : the size of the

stored sample is 2V,

then it keeps on until reaching the stop criteria.

The stored numerical sample will have a size within IV and 2N. This strategy is proposed by the Compact
class which requires to specify the number of points to store.

Usage :

HistoryStrategy()

Arguments : none

Value :

a HistoryStrategy that can be : Null, Compact, Full or Last.

Some methods :

getSample

Usage : getSample()
Arguments : none
Value : a NumericalSample which is the collection of points stored by the history strategy.

reset

Usage : reset()
Arguments : none

Value : none. It erases the previoulsy stored points.

store
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Usage :
store(point)
store(sample)
Arguments :
point : a NumericalPoint,

sample : a NumericalSample

Value : none. It adds the unique point or all the point of the sample in the natural order to

the history.
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1.8 Interval
Usage :

Interval()

Interval

(
Interval(dim)

(lower Bound, upper Bound)

(

Interval(lower Bound, upper Bound, finite Lower Bound, finiteUpper Bound)
Arguments :

dim : an integer, the dimension of the interval.
lower Bound : a scalar or a NumericalPoint, the lower bound of the interval.

upper Bound : a scalar or a NumericalPoint, the upper bound of the interval.
Note: the lowerBound and the upperBound must be of the same type: both NumericalPoint must
have the same dimension in case of NumericalPoint.

finiteLower Bound: a BoolCollection, flags telling for each component of the lower bound whether it is
finite or not.

finiteUpper Bound: a BoolCollection, flags telling for each component of the upper bound whether it is
finite or not.
Note: the meaning of a flag is: if flag; is true, the corresponding component of the given bound is
finite and its value is given by bound;. If not, the corresponding component is infinite and its value
is either —oo if bound; < 0 or +oo if bound; > 0.

Value : an Interval.

No parameter leads to the interval [0, 1]
The second usage leads to the finite interval [0, 1]%™

The third usage leads to the finite interval:
[lower Boundy, upper Boundgy| x - -+ X [lower Bound gy, —1, upper Bound iy, —1]

It is allowed to have lower Bound; > upper Bound; for some i: it simply defines an empty interval.
The fourth usage allows to define partially infinite intervals. The value of the infinite bounds is defined

according to the rule mentioned above.

Some Examples :

[a,b] : Interval(a,b)
la, +00] :
boundLow = Numerical Point(1,a)
boundUp = Numerical Point(1,1)
bool Low = BoolCollection(1,1)
boolUp = BoolCollection(1,0)
int = Interval(boundLow, boundU p, bool Low, boolUp)

[—o0, B] :
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boundLow = Numerical Point(1, —1)

boundUp = Numerical Point(1,b)

bool Low = BoolCollection(1,0)

boolUp = BoolCollection(1,1)

int = Interval(boundLow, boundU p, bool Low, boolUp)

Some methods :

x: right multiplication by a scalar s using interval * s.
+: addition of two intervals.

—: substraction of two intervals.

contains

Usage : contains(point)
Arguments : point : a NumericalPoint with the same dimension as the current interval
Value : a Bool telling if the given point is inside the interval or not.

numericallyContains
Usage : numericallyContains(point)
Arguments : point : a NumericalPoint with the same dimension as the current interval.

Value : a Bool telling if the given point is inside the interval or not given the numerical truncation
of any infinite interval. In case of bounded intervals, the numerical bounds coincide with the real
bounds by default. It is possible to change the numerical bounds with the method setLowerBound
and setUpperBound.

getDimension

Usage : get Dimension()
Arguments : no argument
Value : an integer, the dimension of the Interval (returns dim)

getFinite Lower Bound

Usage : getFiniteLowerbound()
Arguments : no argument

Value : a BoolCollection of flags. If the i-th element is 0, the corresponding component of the lower
bound is infinite and its value is given according to the rule given above. Otherwise, it is finite.

getFiniteU pper Bound
Usage : getFiniteUpperbound()

Arguments : no argument

Value : a BoolCollection of flags. If the i-th element is 0, the corresponding component of the upper
bound is infinite and its value is given according to the rule given above. Otherwise, it is finite.

get Lower Bound

Usage : getLowerbound()
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Arguments : no argument

Value : a NumericalPoint, the value of the lower bound or the sign of the component if it is infinite.

getUpper Bound

Usage : getUpperbound()
Arguments : no argument

Value : a NumericalPoint, the value of the upper bound or the sign of the component if it is infinite.

setFinite Lower Bound

Usage : setFinite Lowerbound( flag)
Arguments : a BoolCollection
Value : no value returned

setFiniteU pper Bound

Usage : setFiniteUpperbound( flag)
Arguments : a BoolCollection
Value : no value returned

set Lower Bound

Usage : setLowerbound(bound)
Arguments : a NumericalPoint
Value : no value returned

setUpper Bound

Usage : setUpperbound(bound)
Arguments : a NumericalPoint

Value : no value returned

intersect

Usage : intersect(other)
Arguments : an Interval of the same dimension

Value : an interval corresponding to the intersection of the current interval with other.

join
Usage : join(other)
Arguments : an Interval of the same dimension
Value : the smallest interval that contains both the current interval and other

1sEmpty
Usage : isEmpty()
Arguments : no argument
Value : a Bool telling if the interior of the interval is empty or not.
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1.9 Matrix
1.9.1 Matrix
Usage :

Matriz(n,,nc)

Matriz(ny, ne, values)
Arguments :

n, : an integer, the number of rows of the Matrix
ne : an integer, the number of columns of the Matrix

values : a NumericalScalarCollection with n, X n. elements
Value : a Matrix

while using the first parameters set, the matrix is filled with 0.
while using second parameters set, the Matrix contains values of the NumericalScalarCollection. The
matrix is filled by row

Some methods :

[ ]
Usage : Matriz|i, j|
Arguments :
1 : an integer, constraint : 0 <¢ < n, — 1
j @ an integer, constraint : 0 < j <n.,—1
Value : a real value, the (7, j) element of the Matrix

get NbColumns

Usage : get NbColumns()
Arguments : none

Value : an integer : the number of column n,

getNbRows

Usage : get NbRows()
Arguments : none

Value : an integer : the number of row n,

transpose

Usage : transpose()
Arguments : none
Value : the transposed Matrix

getName
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Usage : getName()
Arguments : none
Value : a string, the name of the Matrix

setName
Usage : setName(name)
Arguments : name : a string

Value : the Matrix is named name

solveLinearSystem
Usage : solveLinearSystem(y)
Arguments : y a NumericalPoint of dimension n, (the number of rows of the Matrix)

Value : NumericalPoint, x, such that
Matrix * x = y
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1.9.2 ComplexMatrix
Usage :

ComplexMatriz(n,, n.)

ComplexMatriz(n,,n., values)
Arguments :

n, : an integer, the number of rows of the ComplexMatrix
ne. : an integer, the number of columns of the ComplexMatrix

values : a NumericalComplexCollection with n, x n. elements (the collection might also be a Numeri-
calScalarCollection)

Value : a ComplexMatrix

while using the first parameters set, the matrix is filled with (0, 0).

while using second parameters set, the ComplexMatrix contains values of the Numerical ComplexCollec-
tion. The complex matrix is filled by row

Some methods :

[, ]
Usage : ComplezMatriz|i, j]
Arguments :
1 : an integer, constraint : 0 <7 <n, — 1
J ¢ an integer, constraint : 0 < j <n.—1
Value : a complex value, the (i, j) element of the ComplexMatrix

conjugate

Usage : conjugate()

Arguments : none

Value : the conjugated ComplexMatrix, ie the ComplexMatrix such as M i gij
conjugatel'ranspose

Usage : conjugateTranspose()

Arguments : none

Value : the conjugated and transposed ComplexMatrix, ie the ComplexMatrix such as M i g@.j
getName

Usage : getname()

Arguments : none

Value : a string, the name of the ComplexMatrix

get NbColumns
Usage : get NbColumns()
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Arguments : none

Value : an integer : the number of column n,

getNbRows

Usage : get NbRows()
Arguments : none
Value : an integer : the number of row n,

transpose
Usage : transpose()
Arguments : none

Value : the transposed ComplexMatrix

setName
Usage : setname(name)
Arguments : name : a string

Value : the ComplexMatrix is named name
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1.9.3 CorrelationMatrix
Usage :

CorrelationM atrixz(dim)

CorrelationM atriz(dim, values)
Arguments :

dim : an integer, the dimension of the CorrelationMatrix (square matrix with dim rows and dim colons)

values : a NumericalScalarCollection of dimension dim? which contains values to put in the Correla-
tionMatrix, filled by rows. When these values are not specified, the CorrelationMatrix is initialized
to the identity matrix.

Value : a CorrelationMatrix

while using the first parameters set, the correlation matrix is the identity matrix

while using second parameters set, the correlation matrix contains the specified values, filled by row

Some methods :

str

Usage : str()
Arguments : no argument

Value : a string giving the description of the (class, name, dimension, values)

transpose

Usage : transpose()
Arguments : no argument
Value : a CorrelationMatrix, the transposed CorrelationMatrix

computeDeterminant

Usage : computeDeterminant()
Arguments : no argument
Value : a real value giving the determinant of the CorrelationMatrix

computeEigenV alues

Usage : computeEigenV alues()
Arguments : no argument

Value : a NumericalPoint giving the eigen values of the CorrelationMatrix

Links : see docref B121 ChoixLoi
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1.9.4 HermitianMatrix
Usage :

HermitianM atriz(dim)

Arguments :
dim : an integer, the dimension of the HermitianMatrix (square matrix with dim rows and dim colons)
Value : HermitianMatrix

while using the first parameters set, the HermitianMatrix is filled with (0,0). It is not possible to fill the
matrix from a collection of complex values (to be done later)

Some methods :
computeCholesky

Usage : conjugate()
Arguments : none

Value : the Cholesky factor G, ie the ComplexMatrix such as the G * G* is the initial matrix

conjugate

Usage : conjugate()
Arguments : none

Value : the conjugated Hermitian, ie the matrix such as M = Eij

conjugateT ranspose

Usage : conjugateTranspose()
Arguments : none

Value : the conjugated and transposed HermitianMatrix, ie the matrix such as M T Eij

getDimension

Usage : getDimension()
Arguments : none

Value : an integer, the dimension of the HermitianMatrix (it returns dim)

power

Usage : power(n)

Arguments : an integer
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Value : the power of the matrix, ie the HermitianMatrix M,, such as M, = M x

Ji=
=

n times

transpose

Usage : transpose()
Arguments : none

Value : the transposed HermitianMatrix
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1.9.5 SquareMatrix
Usage :

SquareMatriz(dim)

SquareMatriz(dim, values)

Arguments :

dim : an integer, the dimension of the SquareMatrix (square matrix with dim rows and dim colons)

values : a NumericalScalarCollection of dimension dim?
Value : SquareMatrix

while using the first parameters set, the SquareMatrix is filled with 0.

while using the second parameters set, the SquareMatrix contains values of the NumericalScalarCollec-
tion. SquareMatrix is filled by rows.

Some methods :

compute Determinant
Usage : computeDeterminant()
Arguments : none

Value : a real value giving the determinant of the SquareMatrix

computeFigenV alues
Usage : computeEigenV alues()
Arguments : none

Value : a NumericalPoint giving the eigen values of the SquareMatrix

getDimension
Usage : getDimension()
Arguments : none
Value : an integer, the dimension of the SquareMatrix (it returns dim)

solveLinearSystem
Usage : solveLinearSystem(y)
Arguments : y : a NumericalPoint of dimension n, (the number of row of the SquareMatrix)

Value : NumericalPoint, this NumericalPoint, x, is such that
SquareMatrix * x =y

transpose

Usage : transpose()
Arguments : none
Value : the transposed SquareMatrix
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1.9.6 Tensor
Usage :

Tensor(ny, ne, ns)

Matriz(n,, ne, ns, values)
Arguments :

n, : an integer, the number of rows of the Tensor
ne : an integer, the number of columns of the Tensor
ns : an integer, the number of sheets of the Tensor

values : NumericalScalarCollection with n, X n. X ng elements
Value : Tensor

while using the first parameters set, the matrix is filled with 0.
while using the second parameters set, the Matrix contains values of the NumericalScalarCollection. The
tensor is filled by row.

Some methods :

[7 Y ]
Usage : Tensorli, j, k|
Arguments :
¢ : an integer, constraint : 0 < < n, — 1
J : an integer, constraint : 0 <7 <n.—1
k: an integer, constraint : 0 < j <ng—1
Value : a real value, the (i, j, k) element of the Tensor

get NbColumns

Usage : get NbColumns()
Arguments : none

Value : an integer : the number of column n,

getNbRows

Usage : get NbRows()
Arguments : none

Value : an integer : the number of row n,

getNbSheets

Usage : getNbSheets()
Arguments : none

Value : an integer : the number of sheet ng

getName
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Usage : getName()
Arguments : none
Value : a string, the name of the Tensor

setName
Usage : setName(name)
Arguments : name : a string

Value : the Tensor is named name
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1.9.7 TriangularComplexMatrix
Usage :
TriangularComplex M atriz(dim)
TriangularComplex M atrixz(dim, is Lower)
Arguments :

dim : an integer, the dimension of the TriangularComplexMatrix (square matrix with dim rows and dim
colons)
isLower : a boolean flag, tells if the triangular matrix is lower (True) or upper (False). Notice that
the a missing flag corresponds to True
Value : TriangularComplexMatrix
while using the first parameters set, the TriangularComplexMatrix is filled with (0,0). Matrix is lower
triangular

while using the second parameters set, the TriangularComplexMatrix is filled with (0,0) and we fix if
the matrix is lower or upper triangular.

It is not possible to fill the matrix from a collection of complex values (to be done later)
Some methods :
conjugate

Usage : conjugate()
Arguments : none

Value : the conjugated triangular matrix.

conjugatel'ranspose

Usage : conjugateTranspose()
Arguments : none

Value : the conjugated and transposed TriangularComplexMatrix. Notice that the result is an upper
triangular matrix if the initial matrix is lower triangular.

getDimension

Usage : getDimension()
Arguments : none

Value : an integer, the dimension of the TriangularComplexMatrix (it returns dim)

isTriangular Lower

Usage : isTriangular Lower()

Arguments : none
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Value : a boolean, tells if the matrix is lower or upper triangular.

transpose

Usage : transpose()
Arguments : none

Value : the transposed TriangularComplexMatrix. Notice that the transpose of a lower triangular matrix
is an upper triangular matrix.
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1.10 NumericalPoint
Usage :

Numerical Point(dim)
Numerical Point(dim, value)

(

(
Numerical Point(list)
Numerical Point(tuple)
(

Numerical Point(array)
Arguments :

dim : an integer, the dimension of the NumericalPoint

value : a real value, the value of each component of the NumericalPoint
list : a list in the environment python

tuple : a tuple in the environment python

array: a Numpy array with dimension (ndim) 1
Value :

in the first usage, a NumericalPoint of dimension dim, which each component is equal to 0.0
in the second usage, a NumericalPoint of dimension dim, which each component is equal to value

in the third usage, a NumericalPoint which components are given by the list python. For example,
list = [1.1,2.2,3.3,4.4] and the created NumericalPoint is (1.1,2.2,3.3,4.4)!

in the fourth usage, a NumericalPoint which components are given by the tuple python. For example,
(1.1,2.2,3.3,4.4)and the created NumericalPoint is (1.1,2.2, 3.3, 4.4)?

Some methods :

[]

Usage : Numerical Point][i]
Arguments :
1 : an integer, constraint : 0 <7 < dim — 1
Value : a real value, the value of the (i 4+ 1)-th element of the NumericalPoint

getDimension

Usage : getDimension()
Arguments : none

Value : an integer, the value of the dimension of the NumericalPoint (it returns dim)

norm

Usage : norm()
Arguments : none
Value : a real value, the euclidian norm of the NumericalPoint
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normalize

Usage : normalize()
Arguments : none
Value : a NumericalPoint which is the unitary vector colinear to the intial one and pointing in the

same direction. In other words, if z is the initial vector, it returns W
L

norma2

Usage : norm2()
Arguments : none

Value : a real value, the square of the euclidian norm of the NumericalPoint

normalize2

Usage : normalize2()
Arguments : none

Value : a NumericalPoint wich is the vector y defined as follows : if z is the initial vector, then

x2

y= (W)r

str

Usage : str()
Arguments : none
Value : a string describing the NumericalPoint

dot
Usage : dot(zx,y)
Arguments : z, y : NumericalPoint
Value : a real value, the dot product (also known as the scalar product) of = and y

getName
Usage : getName()

Arguments : none

Value : a string giving the name of the NumericalPoint

setName

Usage : setName(name)
Arguments : name : a string
Value : no value, it gives a name for the considered NumericalPoint

*: right multiplication by a scalar. The NumericalPoint n can be multiplied by a scalar s using n * s.
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1.11 NumericalPointCollection

Usage : Numerical PointCollection(dim)
Arguments : dim : an integer, the number of elements of the NumericalPointCollection
Value : a NumericalPointCollection, filled by default with 0.0

Some methods :

[

Usage : Numerical PointCollection]i]
Arguments : ¢ : an integer, constraint : 0 < ¢ < dim — 1
Value : a NumericalPoint, the (i 4+ 1)-th element of the NumericalPointCollection

add
Usage : add(numerical Point2)
Arguments : numerical Point2 : a NumericalPoint

Value : The NumericalPointCollection of size dim + 1. The dim + 1 element of this object is then
equal to numerical Point2

getSize
Usage : getSize()
Arguments : none

Value : an integer : the size of the NumericalPointCollection
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1.12 NumericalScalarCollection

Usage : NumericalScalarCollection(dim)
Arguments : dim : an integer, the number of elements of the NumericalScalarCollection
Value : a NumericalScalarCollection, filled by default with 0

Some methods :

[

Usage : NumericalScalarCollection]i]
Arguments :
1 : an integer, constraint : 0 <7 < dim — 1
Value : a real value, the (i + 1)-th element of the NumericalScalarCollection

add

Usage : add(val)
Arguments : val : a real value

Value : The NumericalScalarCollection of size dim + 1. The dim + 1 element of this object is then
equal to val

getSize
Usage : getSize()
Arguments : none

Value : an integer : the size of the NumericalScalarCollection
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1.13 UserDefinedPair
Usage : UserDefinedPair(x,p)

Arguments :

x : a NumericalPoint,

p : a real value, constraint 0 < p <1 (the probabiliy associated to the point z)
Value : a UserDefinedPair

Some methods :

getX
Usage : getX ()
Arguments : no argument
Value : a NumericalPoint, the point of the UserDefinedPair

getP
Usage : getP()

Arguments : no argument

Value : a NumericalScalar, the scalar of the UserDefinedPair

Each get method is associated to a set method.
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1.14 UserDefinedPairCollection
Usage : UserDefinedPairCollection(dim)

Arguments : dim : an integer, the number of elements of the UserDefinedPairCollection
Value : an UserDefinedPairCollection, to be filled after

Some methods :

[
Usage : UserDefinedPairCollection]i]
Arguments : ¢ : an integer, the ith element of UserDefinedPairCollection
Value : a UserDefinedPair, the (i 4+ 1)-th element of UserDefinedPairCollection

add
Usage : add(UseDefP)
Arguments : UseDefP : an UserDefinedPair

Value : a UserDefinedPairCollection of size dim + 1 with instance of the (dim + 1) element of the
UserDefinedPairCollection

getSize
Usage : getSize()
Arguments : no argument

Value : an integer, the size of UserDefinedPairCollection (returns dim)

str

Usage : str()
Arguments : no argument

Value : a string with elements of UserDefinedPairCollection
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2 Probabilistic modeling

In this section, we describe all the objects necessary to model a random vector.

2.1 Distribution
Usage : Distribution(dist)
Arguments :
dist : a Distributionlmplementation which is particular distribution.
Value : a Distribution

Some methods :

computeProbability
Usage :
compute Probability(interval)
Arguments :
interval : an Interval
Value :

it gives the evaluation (a scalar) of the probability for the given distribution to take values
within the given interval interval

computeCDF

Usage :
computeC DF (scalar)
computeC DF (scalar, flag)
computeC DF (vector)
computeC DF (vector, flag)
computeC DF (sample)
computeC DF (sample, flag)

Arguments :
scalar : a NumericalScalar
vector : a NumericalPoint
sample : a NumericalSample
flag : a Bool

Value :

if flag is false (default value), the method computes the CDF, else it computes the complemen-
tary CDF, i.e. computeCDF(x, False) = 1 - computeCDF(x).

using the first usage, it gives the evaluation (a scalar) of the CDF (Cumulative Distribution
Function) of a distribution of dimension 1 at the given scalar value scalar

using the second usage, it gives the evaluation (a scalar) of the CDF (Cumulative Distribution
Function) of a distribution of arbitrary dimension at the given point vector

using the third usage, it gives the evaluation (a NumericalSample) of the CDF (Cumulative
Distribution Function) of a distribution of arbitrary dimension over the given sample sample
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computeC D FGradient

Usage : computeC DF Gradient(vector)
Arguments : vector : a NumericalPoint

Value : a NumericalPoint object, the gradient of the distribution CDF, with respect to the param-
eters of the distribution, evaluated at point vector

computeCharacteristicFunction

Usage : computeCharacteristicFunction(vector)
Arguments : vector : a NumericalPoint

Value : a NumericalComplex object, the value of the characteristic function at point vector. Open
TURNS proposes an implementation of all its univariate distributions, continuous or discrete
ones. But only some of the them have the implementation of a specific algorithm that evaluates
the characteristic function : it is the case of all the discrete distributions and most of (but not all)
the continuous ones. In that case, the evaluation is performant. For the remaining distributions,
the generic implementation might be time consuming for high arguments.

compute DD F
Usage :
compute D DF (vector)
compute DD F(sample)
Arguments :
vector : a NumericalPoint
sample : a NumericalSample
Value :

while using the first usage, a NumericalPoint value, the gradient of the PDF (Probability
Distribution Function) of the considered distribution at vector (DDF = Derivative Density
Function)

while using the second usage, a NumericalSample, the gradient of the PDF (Probability Dis-
tribution Function) of the considered distribution at wvector (DDF = Derivative Density
Function)

computeGenerating Function
Usage :
computeGenerating Function(value)
computeGenerating Function(value, logScale)
Arguments :
value : a NumericalComplex, a numerical complex value within which module is < 1

logScale : a Boolean which indicates whether the generating function is computed on a loga-
rithmic scale. By default, logScale = False.

Value : a numerical complex value, the value of the generating function at value

compute PDF
Usage :
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compute PDF (value)

compute PDF (vector)

compute PDF (sample)
Arguments :

vector : a NumericalPoint

sample : a NumericalSample
Value :

while using the first usage, a NumericalScalar, the PDF (Cumulative Distribution Function) of
dimension 1 value of the considered distribution at value

while using the second usage, a NumericalPoint, the PDF (Cumulative Distribution Function)
value of the considered distribution at the vector vector

while using the third usage, a NumericalSample, the PDF (Cumulative Distribution Function)
values of the considered distribution at sample

computeP D FGradient

Usage : computeP DF Gradient(vector)
Arguments : vector : a NumericalPoint

Value : a NumericalPoint object, the gradient of the distribution PDF, with respect to the param-
eters of the distribution, evaluated at point vector

computeQuantile

Usage :
computeQuantile(p)
computeQuantile(p, flag)

Arguments :
p: areal scalar 0 <p <1
flag : a Bool

Value : a NumericalPoint, the value of the p— quantile if flag = False, the value of the (1 — p)—

quantile if flag = True. If the distribution if of dimension n > 1, the p— quantile is the hyper
surface in R™ defined by {z € R", F(x1,...,z,) = p} where F is the CDF. Open TURNS

makes the choice to return one particular point among these points : (zf,...,zh) such that
Vi, F;(2¥) = 7 where F; is the marginal of component X; and F'(z1,...,z,) = C(7,...,7) where
C' is the distribution copula. Thus, Open TURNS resolves the equation C(7,...,7) = p then

computes F; (1) = a?.
drawCDF
Usage :
drawCDF()
drawC DF(min, max)

drawCDF (vect Min,vectMax)
drawC DF (vectMin,vect Maz, vect Point Number)

Arguments :

(
(
drawC DF (min, mazx, point Number)
(
(

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 41

man and max : real values with min < max, the range for the CDF curve of a distribution of
dimension 1

pointNumber : an integer, the number of points to draw the CDF iso-curves of a distribution
of dimension 1

vectMin and vectMaz : two NumericalPoint of dimension 2, respectively the left-bottom and
ritgh-up corners of the square for the CDF iso-curves of a distribution of dimension 2

vect Point Number : a NumericalPoint of dimension 2, the the number of points to draw the
iso-curves of a distribution of dimension 2 on each direction

Value : a Graph, containing the elements of the curve or iso-curves of the CDF, depending on the
dimension of the distribution (1 or 2)

drawPDF

Usage :
drawPDF\()
drawPDF (min, max)

drawPDF (vectMin,vectMax)
drawPDF (vectMin,vect Mazx, vect Point Number)

Arguments :

(
(
drawP DF (min, max, point Number)
(
(

man and max : real values with min < max, the range for the PDF curve of a distribution of
dimension 1

point Number : an integer, the number of points to draw the PDF iso-curves of a distribution
of dimension 1

vectMin and vectMax : two NumericalPoint of dimension 2, respectively the left-bottom and
ritgh-up corners of the square for the PDF iso-curves of a distribution of dimension 2

vectPoint Number : a NumericalPoint of dimension 2, the number of points to draw the iso-
curves of a distribution of dimension 2 on each direction

Value : a Graph, containing the elements of the curve or iso-curves of the PDF, depending on the
dimension of the distribution (1 or 2)

drawMarginall DCDF
Usage :
drawM arginall DC DF (i, min, mazx, point Number)
Arguments :
i : an integer, the marginal we want to draw (Care : numerotation begins at 0)
man and max : real values with min < max, the range for the CDF curve of a distribution of
dimension >1
pointNumber : an integer, the number of points to draw the CDF iso-curves of a distribution
of dimension >1
Value : a Graph, containing the elements of the curve of the CDF of the marginal i of the distribution
of dimension >1

drawMarginall DPDF
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Usage :
drawM arginall DP DF (i, min, max, point Number)
Arguments :
i : an integer, the marginal we want to draw (Care : numerotation begins at 0)

main and max : real values with min < max, the range for the PDF curve of a distribution of
dimension >1

point Number : an integer, the number of points to draw the PDF iso-curves of a distribution
of dimension >1

Value : a Graph, containing the elements of the curve of the PDF of the marginal i of the distribution
of dimension >1

drawMarginal2DCDF
Usage :
drawMarginal2DCDF (i, j, vect Miin, vect M ax, vect Point Number)
Arguments :
i and j : two integer, the marginal we want to draw (Care : numerotation begins at 0)

vectMin and vectMax : two NumericalPoint of dimension n>2, respectively the left-bottom
and ritgh-up corners of the square for the PDF iso-curves of a distribution of dimension n

vectPoint Number : a NumericalPoint of dimension n>2, the number of points to draw the
iso-curves of a distribution of dimension n on each direction

Value : a Graph, containing the elements of the iso-curve of the CDF of the marginals (i,j) of
distribution of dimension n>2

drawMarginal2DPDF
Usage :
drawMarginal2DPDF (i, j, vect Min, vect M ax, vect Point Number)
Arguments :
i and j : two integer, the marginal we want to draw (Care : numerotation begins at 0)

vectMin and vectMaz : two NumericalPoint of dimension n>2, respectively the left-bottom
and ritgh-up corners of the square for the PDF iso-curves of a distribution of dimension n

vect Point Number : a NumericalPoint of dimension n>2, the number of points to draw the
iso-curves of a distribution of dimension n on each direction

Value : a Graph, containing the elements of the iso-curve of the PDF of the marginals (i,j) of
distribution of dimension n>2

getCopula

Usage : getCopula()

Arguments : no argument

Value : a Copula, the copula of the considered distribution. If the distribution is of type Composed-
Distribution, the copula is the one specified at the creation of the ComposedDistribution. If the
distribution is not that sort (for example, a KernelMixture, a Mixture, a RandomMixture), the
copula is computed from the Sklar theorem.
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getCovariance
Usage : getCovariance()
Arguments : no argument

Value : a CovarianceMatrix of the considered distribution (if the distribution is unidimensional, it
is the variance)

getMarginal
Usage :
getMarginal(i)
getMarginal(indices)
Arguments :
i : an integer (i is less or equal to the dimension of the considered distribution), with 0 <
indices : an Indices, which regroup all the indices considered

Value : a Distribution, the distribution of an extracted vector of the initial distribution

get Kurtosis
Usage : getKurtosis()

Arguments : no argument

Value : a NumericalPoint, the value the kurtosis of each 1D marginal of the distribution

getMean
Usage : getMean()

Arguments : no argument

Value : a NumericalPoint, the value of the considered distribution mean

getNumerical Sample

Usage : get Numerical Sample(n)
Arguments : n : integer, the size of the sample

Value : a NumericalSample representing n realizations of the random variable with the considered
distribution

get ParametersCollection

Usage : getParametersCollection()
Arguments : one
Value : a NumericalPointWithDescriptionCollection, the list of the parameters of the distribution

getRealization

Usage : getRealization()
Arguments : no argument

Value : a NumericalPoint, one realization of random variable with the considered distribution

getRoughness
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Usage : getRoughness()

Arguments : no argument

Value : a NumericalScalar, the value roughness(X) = ||p||z2 = /[, p*(z)dz

getSupport
Usage :
getSupport(interval)
getSupport()
Arguments : interval : a Interval
Value :

in the first usage, a NumericalSample which gathers the different points of the discrete range.
Care : this service is implemented only for discrete 1D distribution.

in the second usage, a NumericalSample which gathers the different points of the discrete range
which are inside tnterval.

getSkewness

Usage : getSkewness()
Arguments : no argument
Value : a NumericalPoint, the value the standard deviation of each 1D marginal of the distribution

getStandardDeviation

Usage : getStandardDeviation()
Arguments : no argument

Value : a NumericalPoint, the value the standard deviation of each 1D marginal of the distribution

getWeight
Usage : getWeight()
Arguments : no argument

Value : a NumericalScalar between 0 and 1, the weight of the considered distribution if used in a
Mixture

hasFEllipticalCopula

Usage : hasEllipticalCopula()
Arguments : no argument

Value : a boolean, it says if the considered distribution is elliptical

hasIndependentCopula
Usage : hasIndependentCopulal()

Arguments : no argument

Value : a boolean which indicates wether the considered distribution is independent

isElliptical
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Usage : isElliptical()
Arguments : no argument
Value : a boolean which indicates wether the considered distribution has an elliptical distribution

1sIntegral

Usage : isIntegral()
Arguments : no argument

Value : a boolean which indicates wether the considered distribution has integer values.

str

Usage : str()
Arguments : no argument

Value : a string describing the object
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2.2 Usual Distributions
2.2.1 Arcsine

This class inherits from the Distribution class.

Usage :

Main parameters set : Arcsine(a,b)
Second parameters set : Arcsine(u, o, 1)

Default construction : Arcsine()

Arguments :

a : a real value, the lower bound

b : a real value, the upper bound, constraint: a < b

Value : Arcsine. In the default construction, we use the Arcsine(a,b) = Arcsine(—1.0,1.0) definition.

Some methods :

getA
Usage : getA()
Arguments : none

Value : a real value, the lower bound

getB
Usage : getB()
Arguments : none
Value : a real value, the upper bound

getMu

Usage : getMu()
Arguments : none
Value : a real value, the mean

getSigma
Usage : getSigma()
Arguments : none
Value : a real value, the standard deviation

Details :

density function :

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 47

relation between parameter sets :

where p=E[X] o =/ Var [X]

Links : see docref B121 DistributionSelection

Each getMethod is associated to a setMethod.
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2.2.2 Bernoulli

This class inherits from the Distribution class.

Usage :

Main parameters set : Bernoulli(p)

Default construction : Bernoulli()
Arguments : p: a real value, constraint : 0 <p <1
Value : a Bernoulli. In the default construction, we use the Bernopulli() = Bernoulli(0.5) definition.
Some methods :

getP
Usage : getP()
Arguments : none

Value : a real positive value < 1, the p parameter of the distribution.

getSupport

Usage : getSupport(interval)
Arguments : interval : a Interval, an interval in R

Value : a NumericalSample, all the points (here of dimension 1) of the distribution range which
are included in the interval interval.

Details :

probability distribution:
PX=1)=p,P(X=0)=1—p

relation between parameters set :

w=p where p=EI[X]

o =+/p(1 —p) where o =/Var|X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.3 Beta
This class inherits from the Distribution class.
Usage :

Main parameters set : Beta(r,t,a,b)

Second parameters set : Beta(u,o,a,b, Beta. MUSIGM A)

Default construction : Beta()
Arguments :

r : real value, first shape parameter, constraint : r > 0

~~

: real value, second shape parameter, constraint : ¢ > r
a : real value, lower bound

b : real value, upper bound, constraint : b > a

w @ real value, mean value
o

: real value, standard deviation, constraint : o > 0

Value : a Beta. In the default construction, we use the Beta(r,t,a,b) = Beta(2,4,—1,1) definition.

Some methods :

getA
Usage : getA()
Arguments : none

Value : a real value, the a parameter of the Beta distribution

getB
Usage : getB()
Arguments : none

Value : a real value, the b parameter of the Beta distribution

getMu
Usage : getMu()

Arguments : none

Value : a real value, the y parameter of the distribution

getSigma
Usage : getSigma()
Arguments : none

Value : a real value, the o parameter of the distribution

getR
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Usage : getR()
Arguments : none
Value : a real value, the r parameter of the distribution

getT
Usage : getT()
Arguments : none

Value : a real value, the ¢t parameter of the distribution

Details :
density probability function :

(:E _ a)(r—l)(b _ x)(t—r—l)

f(w) = (b— a)DB(rt —1) Loy (2)
relation between parameters sets :
(b—a)r
w o= a+ ;
(b—a) [r(t—r)
o
t (t+1)

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.4 Binomial

This class inherits from the Distribution class.

Usage :
Main parameters set : Binomial(n,p)
Default construction : Binomial()

Arguments :

n : an integer > 0,

p : a real value such as 0 <p < 1.

Value : a Binomial. In the default construction, we use the Binomial() = Binomial(1,0.5) definition.

Some methods :

getP
Usage : getP()
Arguments : none

Value : a real positive value < 1, the p parameter of the distribution.

getN
Usage : getN()

Arguments : none

Value : an integer, the n parameter of the distribution.

getSupport
Usage : getSupport(interval)

Arguments : interval : a Interval, an interval in R

Value : a NumericalSample, all the points (here of dimension 1) of the distribution range which
are included in the interval interval.

Details :

probability distribution:
P(X =k)=CFp*(1 —p)"F, VEk € {0,...,n}

relation between parameters set :

u=7p where p=LE[X]

o =+/p(1 —p) where o =/Var|X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.5 Burr

This class inherits from the Distribution class.

Usage :
Main parameters set : Burr(c, k)
Default construction : Burr()

Arguments :

c: an real > 0,

k : a real value > 0.

Value : a Burr. In the default construction, we use the Burr() = Burr(1,1.0) definition.

Some methods :

getC
Usage : getC()
Arguments : none

Value : a real positive value, the ¢ parameter of the distribution.

getK
Usage : getK()

Arguments : none

Value : an real positive value, the k£ parameter of the distribution.

getSupport
Usage : getSupport(interval)

Arguments : interval : a Interval, an interval in R

Value : a NumericalSample, all the points (here of dimension 1) of the distribution range which
are included in the interval interval.

Details :

probability distribution:
x (C_l)

P(»’U; Q) = Ckm 1.0

relation between parameters set :

w=kBeta(k —1/¢,14+1/c) where p=E[X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.6 Chi
This class inherits from the Distribution class.
Usage :

Main parameters set : Chi(v)

Default construction : Chi()

Arguments :

v : real value, degrees of feedom, constraint : v > 0

Value : a Chi. In the default construction, we use the C'hi(v) = Chi(1) definition.

Some methods :

getNu

Usage : getNu()
Arguments : none
Value : a real value, the v parameter of the Chi distribution

Details :

density probability function :
21—1//2
F(V/2) 1[0,+OO[('7;)

f(l’) _ xuflefo/Z

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.7 ChiSquare
This class inherits from the Distribution class.
Usage :

Main parameters set : ChiSquare(v)

Default construction : ChiSquare()

Arguments :

v : real value, degrees of feedom, constraint : v > 0

Value : a ChiSquare. In the default construction, we use the ChiSquare(v) = ChiSquare(1) definition.
Some methods :

getNu

Usage : getNu()
Arguments : none
Value : a real value, the v parameter of the ChiSquare distribution

Details :

density probability function :

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.8 Dirichlet

This class inherits from the Distribution class.

Usage : Main parameters set : Dirichlet(vectTheta)

Default construction : Dirichlet()
Arguments :
vectTheta : a NumericalPoint : (61,...,044+1) for a multivariate d-dimensional distribution.

Value : an Dirichlet. In the default construction, a univariate distribution is created with (61,0 — 2) = (1, 1).

Some methods :

getTheta

Usage : getTheta()
Arguments : none
Value : a NumericalPoint : the (0y,...,6441) parameter of the distribution

Details :

density probability function :
9d+171
T(>0%16)) d CE—
Fxl@;0) = =2 1= a [[#7 1a@)
Hj:l I'(6;) j=1
with A = {z € R?/Vi,z; > 0, Ele x; < 1}.

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 56

2.2.9 Epanechnikov

This class inherits from the Distribution class.

Usage : Default construction : Epanechnikov()

Arguments :

Value : an Epanechnikov, which is a Beta(a = —1,b = 1,7 = 2,t = 4) distribution.
Some methods :

Details :

density probability function :

fle) = $01 -y (@)

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.10 Exponential

This class inherits from the Distribution class.

Usage : Main parameters set : Exponential(\, )

Default construction : Exzponential()
Arguments :

A : real value, scale parameter, constraint : A > 0

v : real value.

Value : an Exponential. In the default construction, we use the Exponential(lambda, gamma) = Exponential(1.0, 0.
definition.

Some methods :

getGamma

Usage : getGammal()
Arguments : none
Value : a real value, the v parameter of the distribution

getLambda

Usage : getLambdal()
Arguments : none
Value : a real value, the \ parameter of the distribution

Details :

density probability function :
Fl@) =21 g (2)

relation between parameters sets :
where p=E[X]

where ¢ = y/Var [X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.11 FisherSnedecor

This class inherits from the Distribution class.
Usage : Main parameters set : FisherSnedecor(dl,d2)
Default construction : FisherSnedecor|()
Arguments :
(d1,d2) : two real value, scale parameter, constraint : d; > 0

Value : an FisherSnedecor. In the default construction, we use the FisherSnedecor(dl,d2) = FisherSnedecor(1.0,1
definition.

Some methods :

getD1

Usage : getD1()
Arguments : none
Value : a real value, the di parameter of the distribution

getD?2
Usage : getD2()

Arguments : none

Value : a real value, the do parameter of the distribution

Details :

density probability function :

1 di/2 da/2
f@) = e TRCE I e
xB(dy/2,d2/2) |\ diz + da dix + do -

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.12 Gamma
This class inherits from the Distribution class.
Usage :

Main parameters set : Gamma(k, \,~)
Second parameters set : Gamma(u, 0,7y, Gamma.MUSIGM A)

Default construction : Gammal()

Arguments :

k : integer value constraint : k£ > 0

: real value, constraint : A >0

A

v : real value,
u @ real value, mean value
o

: real value, standard deviation, constraint : o > 0

Value : a Gamma. In the default construction, we use the Gamma(k, lambda, gamma) = Gamma(1.0,1.0,0.0)

definition.
Some methods :

getGamma

Usage : getGamma()
Arguments : none

Value : a real value, the v parameter of the distribution

getK

Usage : getK()
Arguments : none
Value : a real value, the k parameter of the distribution

getLambda

Usage : getLambdal()
Arguments : none
Value : a real value, the \ parameter of the distribution

set K Lambda

Usage : setK Lambda(k,lambda)
Arguments : k : a NumericalScalar, the k parameter of the distribution
lambda : a NumericalScalar, the A parameter of the distribution

Details :
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density probability function :

relation between parameters sets :
k
uw= X—I—v where p=E[X]

k
0= — where o= /Var[X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.13 Geometric

This class inherits from the Distribution class.

Usage : Main parameters set : Geometric(p)
Arguments : p : a real value, constraint : 0 <p <1
Value : Geometric

Some methods :

getP
Usage : getP()
Arguments : none

Value : a real positive value <1, the p parameter of the distribution

getSupport
Usage : getSupport(interval)

Arguments : interval : a Interval, an interval in R

Value : a NumericalSample, all the points (here of dimension 1) of the distribution range which
are included in the interval interval.

Details :

probability distribution:

relation between parameters set :

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.14 Gumbel

This class inherits from the Distribution class.

Usage :

Main parameters set : Gumbel(c, )
Second parameters set : Gumbel(p,o,1)

Default construction : Gumbel()

Arguments :

« : areal value, the scale parameter (the inverse), constraint : o > 0
B : a real value, location parameter
u o a real value, the mean value

o : a real value, standard deviation, constraint : ¢ > 0

Value : a Gumbel. In the default construction, we use the Gumbel(alpha, beta) = Gumbel(1.0,1.0) definition.

Some methods :

getAlpha

Usage : getAlphal()
Arguments : none
Value : a real value, the « of the considered distribution

getBeta
Usage : getBeta()

Arguments : none

Value : a real value, the 3 of the considered distribution

getMu

Usage : getMu()
Arguments : none
Value : a real value, the p parameter of the distribution

getSigma
Usage : getSigma()
Arguments : none
Value : a real value, the o parameter of the distribution

Details :

density probability function :
F(z) = ae-ol=g)=e
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relation between parameters set :
w =3+ € where c is the Euler-Mascheroni constant (c ~ 0.5772156649)
o

1«
o =——

V6 «

where p=E[X] o =/ Var [X]
Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.15 Histogram
This class inherits from the Distribution class.
Usage :

Main parameters set : Histogram(first,Coll)

Arguments :

first : a real value, the lower bound of the distribution

Coll : an HistogramPairCollection, the collection of (h;,1;) where h; is the height and /; the width of
each barplot of the Histogram

Value : an Histogram with normalized heights
Some methods :

getFirst

Usage : getFirst()
Arguments : none
Value : a real value, the first parameter of the considered distribution

get PairCollection
Usage : getPairCollection()

Arguments : none

Value : a HistogramPairCollection, the Coll parameter of the considered distribution

Details :

density probability function :

f([l?) = ZHZ 1[xi,:r:i+1}($)
=1

where
H; = h;/S is the normalized heights, with S = Z?:l h;l; being the initial surface of the his-
togram.

li=mip1—2;, 1 <i<n

n is the size of the HistogramPairCollection

Each getMethod is associated to a setMethod.
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2.2.16 InverseNormal

This class inherits from the Distribution class.

Usage : Main parameters set : InverseNormal(lambda, mu)

Default construction : InverseNormal()
Arguments :
(lambda, mu) : two real value, scale parameter, constraint : A > 0 and g > 0

Value : an InverseNormal. In the default construction, we use the InverseNormal(lambda, mu) = InverseNormal(.
definition.

Some methods :

getLambda

Usage : getLambdal()
Arguments : none
Value : a real value, the \ parameter of the distribution

getMu
Usage : getMu()

Arguments : none

Value : a real value, the p parameter of the distribution

Details :

density probability function :

1/2
f(;,;):< A ) A )y

2maxs
Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.17 Laplace
This class inherits from the Distribution class.
Usage :

Main parameters set : Laplace(\, )

Default construction : Laplace()

Arguments :

A : areal value, scale parameter, constraint A > 0,

w @ a real value, mean value.
Value : Laplace. In the default construction, we use the Laplace(\, i) = Laplace(1.0,0.0) definition.
Some methods :

getLambda
Usage : getLambdal()

Arguments : none

Value : a real value, the A parameter of the considered distribution

getMu
Usage : getMu()

Arguments : none

Value : a real value, the p parameter of the considered distribution

Details :

density function :

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.18 Logistic
This class inherits from the Distribution class.
Usage :

Main parameters set : Logistic(a, 3)

Default construction : Logistic()

Arguments :

« : a real value, mean value

B :a real value, scale parameter, constraint : 8 > 0

Value : Logistic. In the default construction, we use the Logistic(a, ) = Logistic(0.0,1.0) definition.

Some methods :

getAlpha
Usage : get Alpha()

Arguments : none

Value : a real value, the a parameter of the considered distribution

getBeta
Usage : getBetal()

Arguments : none

Value : a real value, the § parameter of the considered distribution

Details :

density function :

relation between parameters set :

where w=E[X] o =4/ Var [X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.19 LogNormal

This class inherits from the Distribution class.

Usage :

Main parameters set : LogNormal(ue,o¢,y)
Second parameters set : LogNormal(u, o,~y, LogNormal MUSIGM A)
Third parameters set : LogNormal(u,o/u,y, LogNormal. MUsIGM AOV ERMU)

Default construction : LogNormal()
Arguments :

e = a real value, mean value of log(X),

oy . a real value, standard deviation of log(X), constraint : o, > 0
v : a real value

i : a real value, mean value, constraint : p >y

o : a real value, standard deviation, constraint : o > 0

Value : aLogNormal . In the default construction, we use the Log N ormal(muyg, sigmag, gamma) = LogN ormal(0.0,
definition.

Some methods :

getGamma

Usage : getGamma()
Arguments : none
Value : a real value, the v parameter of the LogNormal distribution

getMu

Usage : getMu()
Arguments : none
Value : a real value, the pu parameter of the LogNormaldistribution

getMuLog
Usage : getMuLog()

Arguments : none

Value : a real value, the uy parameter of the LogNormal distribution

getSigma
Usage : getSigmal)
Arguments : none

Value : a real value, the o parameter of the LogNormal distribution

getSigmalLog
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Usage : getSigmaLog()
Arguments : none
Value : a real value, the oy parameter of the LogNormal distribution

getSigmaOver Mu
Usage : getSigmaOver Mu()

Arguments : none

Value : a real value, the o/u parameter of the considered distribution
Details :
density probability function :

1 1 (log(z—y)—pg \ 2
fla)= —=——c¢ () Ly +o0[ (%)

V2moy(x — )
relation between parameters set :

o = eletoi/? (e"f—l)

where w=E[X] o =4/ Var [X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.20 LogUniform

This class inherits from the Distribution class.

Usage :

Main parameters set : LogUni form(ag, by)

Default construction : LogUni form()
Arguments :

ay @ a real value, lower bound of log(X),
by : a real value, upper bound of log(X), constraint : by > ay

Value : a LogUniform : the log of the variate is Uniform(as, by) distributed. In the default construction, we
use the LogUniform(ag,by) = LogUniform(—1.0,1.0) definition.

Some methods :

getALog

Usage : getALog()
Arguments : none
Value : a real value, the a, parameter of the LogUniform distribution

getBLog

Usage : getBLog()
Arguments : none
Value : a real value, the by parameter of the LogUniform distribution

Details :
density probability function :

F@) = 5 ary Yoo (05(2)
relation between parameters set :
el — e
R -
2 l(ebf — ) [eP(by — ag — 2) + e (by — ag + 2)]
2 (be — ar)?

where p=E[X] o =/ Var [X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.21 Multinomial
This class inherits from the Distribution class.
Usage : Main parameters set : Multinomial(p, N)

Arguments :

n

p : NumericalPoint of dimension n, constraint : 0 <p; <1, ¢ = Zpi <1
i=1

N : an integer,

Value : a Multinomial
Some methods :

getN
Usage : getN()
Arguments : none
Value : a integer, the N parameter of the considered distribution

getP
Usage : getP()
Arguments : none

Value : a NumericalPoint, the p parameter of the considered distribution

getSupport
Usage : getSupport(interval)
Arguments : interval : a Interval, an interval in R

Value : a NumericalSample, all the points (here of dimension n) of the distribution range which
are included in the interval interval.

Details :

probability function :
N! N

PX =2x)= Il!mxn!(N_s)!pgfl...pfﬁ(l —q)

—S

n
with0<p; <1, 26N, g=) pi<ls=Y7L <N
i=1
relation between parameters set :

Ki = npi
oi = npi(l-p)
Oij = ~NpPiP;j

where pi = E[X;] o; =/ Var [X], oi; = Cov [(] X;, X;)
Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.22 NegativeBinomial

This class inherits from the Distribution class.
Usage :

Main parameters set : Negative Binomial(r, p)

Default construction : Negative Binomial()
Arguments :

r : a real value > 0,
p : a real value such as 0 < p < 1.

Value : a NegativeBinomial. In the default construction, we use the Negative Binomial() = Negative Binomial(1, 0.
definition.

Some methods :

getP
Usage : getP()
Arguments : none
Value : a real value in (0, 1), the p parameter of the distribution.

getR
Usage : getR()
Arguments : none

Value : a positive real value, the r parameter of the distribution.

getSupport
Usage : getSupport(interval)

Arguments : interval : a Interval, an interval in R

Value : a NumericalSample, all the points (here of dimension 1) of the distribution range which
are included in the interval interval.

Details :
probability distribution:

I'(k+r)

S IO =Y

p"(1—p)", Vk €N

relation between parameters set :

= P Shere p=E[X]
L=p

afl'rp where o = y/Var[X]
-Pp

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.23 NonCentralChiSquare

This class inherits from the Distribution class.

Usage :
Main parameters set : NonCentralChiSquare(v, \)
Default construction : NonCentralChiSquare()

Arguments :

v : a real positive value, constraint : v > 0

A @ a real value, constraint : A > 0

Value : a NonCentralChiSquare distribution. In the default construction, we use the NonCentralChiSquare(v, \) =
NonCentralChiSquare(5,0) definition.

Some methods :

getNu
Usage : getNu()
Arguments : none
Value : a real value, the u parameter of the NonCentralChiSquare distribution

getLambda

Usage : getLambdal()
Arguments : none
Value : a real value, the \ parameter of the NonCentralChiSquare distribution

Details :
density function :
f(l‘) = Z eiAﬁPXQ(V—iﬂj) (33)

=0

where p,2(, is the probability density function of a x%(g) random variate.
Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.24 NonCentralStudent

This class inherits from the Distribution class.

Usage :

Main parameters set : NonCentralStudent(v,d,~y)

(v, 9,
Main parameters set : NonCentralStudent(v, )
(v)

(

Default construction : NonCentralStudent()

Main parameters set : NonCentralStudent

Arguments :

v : a real positive value, generalised number degree of freedom, constraint : v > 0
¢ : a real value, the non-centrality parameter
v : a real value, the shift from the origin
Value : a NonCentralStudent distribution. In the default construction, we use the NonCentralStudent(v,d,v) =
NonCentralStudent(0.5,0.0,0.0) definition, and in the alternative constructions we use NonCentralStudent(v,

NonCentral Student (v, d,0.0) which is the classical non-central Student distribution and NonCentralStudent(v
NonCentralStudent(v,0.0,0.0) which is the classical Student distribution.

Some methods :

getNu

Usage : getNu()
Arguments : none
Value : a real value, the y parameter of the NonCentralStudent distribution

getDelta

Usage : getDelta()
Arguments : none
Value : a real value, the § parameter of the NonCentralStudent distribution

getGamma

Usage : getGammal()
Arguments : none

Value : a real value, the v parameter of the NonCentralStudent distribution

Details :

density function :

o(—52/2) y (v+1)/2 o T (#) ; ;
SRR <”+<w—v>2> 2 TG (‘“H) w)

Jj=0
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relation between parameters set :

where w=E[X] o =4/ Var [X]
Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 76

2.2.25

Normal

Usage :

Normal(mean, standardDeviation)
Normal(dim)

Normal(u, o, R)

Normal(p, X)

Default construction : Normal()

Arguments :

mean : a scalar, the mean value of the 1D normal distribution

standardDeviation : a scalar, the standard deviation value of the 1D normal distribution
dim, an integer : the dimension of the Normal distribution

1 a NumericalPoint, the mean of the Distribution

o : a NumericalPoint, the standard deviation of each component, constraint : o[i] > 0, Vi
R : a CorrelationMatrix, the linear correlation matrix of the Normal distribution
by

. a CovarianceMatrix, the covariance matrix of the Normal distribution

value :

Some

while using the first usage, a 1D normal distribution with mean as mean value, standardDeviation as
standard deviation

while using the second usage, a normal distribution of dimension dim, with 0 mean value vector, 1-
standard deviation vector and identity correlation matrix

while using the third usage, a nD normal distribution with 1 as mean vector, o as standard deviation
vector and R as linear correlation matrix

while using the fourth usage, a nD normal distribution with p as mean vector, 3 as covariance matrix

while using the defalt usage, a 1D normal distribution with O mean and unit variance.

methods :
getMu

Usage : getMu()

Arguments : none

Value : a NumericalPoint, the y parameter of the distribution
getSigma

Usage : getSigma()
Arguments : none

Value : a NumericalPoint, the o parameter of the distribution

getCorrelationM atrix

Usage : getCorrelationMatriz()
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Arguments : none
Value : a CorrelationMatrix, the R parameter of the distribution

Details : probability density function :

1

e~ 3 (@) B @)
(27)% (detX) 2

with ¥ = A(o0)RA(0), A(o) = diag(c), R symmetric, definite and positive, o; > 0.
Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.26 Poisson

This class inherits from the Distribution class.

Usage : Main parameters set : Poisson(\)

Arguments : ) : real value, mean and variance value, constraint : A > 0
Value : Poisson

Some methods :

getLambda
Usage : getLambda()

Arguments : none
Value : a real positive value, the \ parameter of the considered distribution

Details :

probability function :

relation between parameters set :

where w=E[X] o =/ Var [X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.27 Rayleigh

This class inherits from the Distribution class.

Usage : Main parameters set : Rayleigh(o,)
Arguments :

o : a real positive value, constraint : ¢ > 0

v : a real value

Value : Rayleigh. In the default construction, we use the Rayleigh(o,~) = Rayleigh(1.0,0.0) definition.

Some methods :

getSigma
Usage : getSigma()
Arguments : none

Value : a real positive value, the o parameter of the considered distribution

getGamma

Usage : getGammal()
Arguments : none

Value : a real value, the v parameter of the considered distribution

Details :

probability function :

T — _(z=)?
fy = C S @

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.28 Rice

This class inherits from the Distribution class.
Usage : Main parameters set : Rice(o,v)
Arguments :

o : a real positive value, constraint : ¢ > 0

v : a real value, constraint : v > 0

Value : Rice. In the default construction, we use the Rice(o,v) = Rice(1,0) definition.

Some methods :

getSigma
Usage : getSigma()
Arguments : none

Value : a real positive value, the o parameter of the considered distribution

getNu
Usage : getNu()

Arguments : none

Value : a real value, the v parameter of the considered distribution

Details :

probability function :

()

X

)

where p,2(, ) is the probability density function of a Non Central Chi Square distribution.

X
f(x) = 2?17)(2(27;%)(?

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.29 Student

This class inherits from the Distribution class.
Usage :

Student (v,
S tudent(l/)
Student(v, u)
Student(v, u, o)
Student (v, d)

Default construction : Student()

o, &)

Arguments :

. a real positive value, generalised number degree of freedom, constraint : v > 0.

v
¢ (@) = a NumericalPoint (a real value), the mean value of the distribution if v > 1, its location parameter
for v < 1.

(o) : a NumericalPoint (a real value), the scale parameter of the distribution, constraint : o; > 0.

: a CorrelationMatrix, the correlation matrix of the distribution if v > 2, its generalized correlation
matrix for v < 2.

= 19

d : an integer value, the dimension of the distribution, constraint: d > 1.

Value : a Student distribution. In the simplified constructions where the dimension d is not specified (usages
number 2 to 5) and in the default construction, we use d = 1, v = 3, p = 0, 0 = 1. In the last
construction where the dimension dd is specified, we use p = (1,...,1) € R, o = (1,...,1) € R? and
R=1Id(d) € R? x R,

Some methods :

getMu
Usage : getMu()
Arguments : none

Value : a real value, the p parameter of the Student distribution. Only defined when the dimension
1 (else, use the getMEan() method inherited from the EllipticalDistribution class).

getNu
Usage : getNu()
Arguments : none
Value : a real value, the generalized number of degrees of freedom of the Student distribution;

Details :

density function :

l\-”\&

d -1/2 AR, —v3d
o= F('{) det ) <1+R )
d)2T (%) Ili=10 v

where z = A (z — p) with A = diag(o).
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relation between parameters and moments :

E[X
Cov [ X

—

Hifu>1
A'RAifv>2

—

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.30 Trapezoidal

This class inherits from the Distribution class.

Usage :

Main parameters set : Trapezoidal(a,b,c,d)

Default construction : Trapezoidal()

Arguments :

a : a real value, the lower bound
b : a real value, the level start
c : a real value, the level end

d : a real value, the upper bound, constraints: a < b <c<d

Value : Trapezoidal. In the default construction, we use the T'rapezoidal(a, b, ¢,d) = Trapezoidal(—2.0,—1.0,1.0, 2.0
definition.

Some methods :

getA
Usage : getA()
Arguments : none
Value : a real value, the a parameter of the Trapezoidal distribution

getB
Usage : getB()
Arguments : none
Value : a real value, the b parameter of the Trapezoidal distribution

getC
Usage : getC()
Arguments : none
Value : a real value, the ¢ parameter of the Trapezoidal distribution

getD
Usage : getD()
Arguments : none
Value : a real value, the d parameter of the Trapezoidal distribution

Details :
density function :
hi= ifa<z<b
h fb<z<e
Fx(@:8) = h‘fl:“é fe<z<d
0 otherwise

. . _ 2
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relation between parameter sets :

o= %(d2—|—cd+02—b2—ab—a2)
h2
o? = E(d4+2cd3—3bd3—3ad3—3bccﬂ—3acd2+...

oo+ 402d% + dabd® + 4a2d? + 2¢3d — 3bc*d — 3ac?d
+4b%cd + dabed + 4a’ed — 3b3d — 3ab’d — ...
.3a%bd — 3a3d + ¢* — 3bc® — 3ac® + 4b%? + 4abc?
+4ac? — 3b3¢ — 3ab*c — 3a%be — ...

.3adc 4+ bt + 2ab® + 243D + o)

where w=E[X] 0? = Var [X]

Links : see docref B121 DistributionSelection

Each getMethod is associated to a setMethod.
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2.2.31 Triangular
This class inherits from the Distribution class.
Usage :

Main parameters set : Triangular(a,m,b)

Default construction : Triangular()

Arguments :

a : a real value, the lower bound
b : a real value, the upper bound, constraint : b > a

m : a real value, the mode, constant, b > m > a

Value : Triangular. In the default construction, we use the Triangular(a,m,b) = Triangular(—1.0,0.0,1.0)

definition.
Some methods :

getA
Usage : getA()
Arguments : none
Value : a real value, the a parameter of the Triangular distribution

getB
Usage : getB()
Arguments : none
Value : a real value, the b parameter of the Triangular distribution

getM
Usage : getM ()

Arguments : none

Value : a real value, the m parameter of the Triangular distribution

Detalils :
density function :
2(x —a) e
(m—a)(b—a) G=T=m
fay=q _20=2) oy
(b—m)(b—a) - =
0 elsewhere
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relation between parameters set :

1
uwo= g(a+m+b)

1
o = \/18(a2+b2+m2—ab—am—bm)

where w=E[X] o =4/ Var [X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.32 TruncatedNormal

This class inherits from the Distribution class.
Usage :

Main parameters set : TruncatedNormal (g, oy, a,b)

Default construction : TruncatedNormal()
Arguments :

ln : a real value which corresponds to the mean of the associated non truncated normal
oy . areal value which corresponds to the standard deviation of the associated non truncated normal
a : a real value, the lower bound

b : a real value, the upper bound, constraint : b > a

Value : TruncatedNormal . In the default construction, we use the
TruncatedN ormal(muy,, sigman, a,b) = TruncatedN ormal(0.0,1.0, —1.0, 1.0) definition.

Some methods :

getA
Usage : getA()
Arguments : none
Value : a real value, the a parameter of the TruncatedNormal distribution

getB
Usage : getB()
Arguments : none
Value : a real value, the b parameter of the TruncatedNormal distribution

getMu

Usage : getMu()
Arguments : none
Value : a real value, the p, parameter of the TruncatedNormal distribution

getSigma
Usage : getSigma()
Arguments : none
Value : a real value, the o, parameter of the TruncatedNormal distribution

Details :

probability density function :
1 T—ln
on O(5")

D) — (ke

On On

flz) = Ljg ()

(where ¢ and ® are, respectively, the probability density distribution function and the cumulative
distribution function of a standard normal distribution)
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relation between parameters set :

_ ¢(bred) - ¢(ared)
H = Hn—0n P )— @

(bred (ared)

2y 1/2
o = o 1— bred ¢(b7"ed) — Qyed ¢(ared) B ¢(bred) - ¢(a‘7’6d) :|
" q)(bred) - q)(ared) (I)(bred) - q)(ared)
where
a — fn b—pn
Qred = bred =
Onp On
and

u=E[X] o =/ Var [X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI

89

2.2.33 Uniform
This class inherits from the Distribution class.
Usage :

Main parameters set : Uniform(a,b)

Default construction : Uniform()
Arguments :

a : a real value, the lower bound

b : a real value, the upper bound, constraint : b > a

Value : Uniform. In the default construction, we use the Uniform(a,b) = Uniform(—1.0,1.0) definition.

Some methods :

getA
Usage : getA()
Arguments : none

Value : a real value, the a parameter of the Uniform distribution

getB
Usage : getB()

Arguments : none

Value : a real value, the b parameter of the Uniform distribution
Details :

density function :

a<z<b
flz) =4 (b—a)
0 elsewhere
relation between parameters set :
_a+b
=
b—a
g _=

where w=E[X] o =/ Var [X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.34 UserDefined

This class inherits from the Distribution class.

Usage : UserDefined(Coll)

Arguments : Coll : a UserDefinedPairCollection. The collection of UserDefinedPair of the UserDefinedPair-
Collection does not need such that 7 p; = 1.0. If not the case, the weights are normalized.

Value : a UserDefined
Some methods :

getPairCollection

Usage : getPairCollection()
Arguments : none

Value : a UserDefinedPairCollection, the Coll parameter of the considered distribution where the
weights are normalized.

getSupport

Usage : getSupport(interval)
Arguments : interval : a Interval, an interval in R

Value : a NumericalSample, all the points (here of dimension n) of the distribution range which
are included in the interval interval.

1sIntegral

Usage : isIntegral()
Arguments : no argument
Value : a boolean which indicates wether the considered distribution has integer values.

Details :

probability function :
P(X=xz)=p;, 1=1,...,n

where
(x4,p;) and @ = 1,...,n are respectively a NumericalPoint and its associated probability
n is the size of the UserDefinedPairCollection

n
Zpi =1
i=1

One must have

Each getMethod is associated to a setMethod.
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2.2.35 Weibull

This class inherits from the Distribution class.

Usage :

Main parameters set : Weibull(a, 3,7)
Second parameter set : Weibull(u, 0,7, 1)
Default construction : Weibull()

Arguments :

« : a real value, the shape parameter, constraint : « > 0
B : a real value, the scale parameter, constraint : S > 0
7 : a real value, the location parameter

u o a real value, the mean value,

o : a real value, the standard deviation value, constraint : ¢ > 0
Value : a Weibull. In the default construction, we use the Weibull(c, 8,7) = Weibull(1.0,1.0,0.0) definition.
Some methods :

getAlpha
Usage : get Alphal()
Arguments : none
Value : a real value, the a of the considered distribution

getBeta

Usage : getBeta()
Arguments : none
Value : a real value, the § of the considered distribution

getGamma

Usage : getGammal()
Arguments : none
Value : a real value, the v parameter of the considered distribution

getMu

Usage : getMu()
Arguments : none
Value : a real value, the u parameter of the considered distribution

getSigma
Usage : getSigma()
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Arguments : none
Value : a real value, the o parameter of the considered distribution

Details :

density function :

fw) =~

<x _ ’y>’8_1 e(*(mlw)ﬁ) Ly ool ()

(07

relation between parameters set :

wo= ozF(l—l—[l)))—FV

2 2
o = oy/T 1+> -T2 <1+>
\/ ( 5 5
where I' is the I'-function and

w=E[X] o =4/ Var [X]

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.2.36 ZipfMandelbrot

This class inherits from the Distribution class.

Usage :

Main parameters set : ZipfMandelbrot(N,q, s)
Default construction : ZipfMandelbrot()

Arguments :
N : ainteger, N > 1
q : areal value, ¢ >0
s : areal value, s > 0

Value : ZipfMandelbrot. In the default construction, we use the Zip f M andelbrot(N,q, s) = Zipf Mandelbrot(1,0, 1)
definition.

Some methods :

getN
Usage : getN()
Arguments : none
Value : an integer, the N parameter of the ZipfMandelbrot distribution

getQ

Usage : getQ()
Arguments : none
Value : a real value > 0, the ¢ parameter of the ZipfMandelbrot distribution

getS
Usage : getS()
Arguments : none
Value : a real value > 0, the s parameter of the ZipfMandelbrot distribution

Details :

distribution :
1 1

(k+q)s H(N,q,s)

1

where H(N, g, s) is the Generalized Harmonic Number : H(N, g, s) = Zf\il L
tTq

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.3 TruncatedDistribution

This class enables to truncate any distribution within a specified range which one of the bounds may be infinite.
It offers the methods of the Distribution class.

Usage :

TruncatedDistribution(distribution, lower Bound, upper Bound)
TruncatedDistribution(distribution, bound, Truncated Distribution.U PPER)
TruncatedDistribution(distribution, bound, Truncated Distribution. LOW ER)

Arguments :

distribution : a Distribution

lower Bound : a real, the new lower bound of the distribution : the distribution range is [lower Bound, o]
or [lower Bound, max| if the distribution is already bounded by max

upper Bound : areal, the new upper bound of the distribution : the distribution range is [—oo, upper Bound|
or [min, upper Bound] if the distribution is already bounded by min
Value : a Distribution

Some methods :

1sContinuous

Usage : isContinuous()
Arguments : no argument

Value : a boolean which indicates wether the considered distribution is continuous.

isIntegral

Usage : isIntegral()
Arguments : no argument
Value : a boolean which indicates wether the considered distribution has integer values.

getSupport

Usage : getSupport()
Arguments : none

Value : a NumericalSample which gathers the different points of the discrete range. Care : this
service is implemented only for discrete 1D distribution.

Links : see docref B122 Copules_en

Each getMethod is associated to a setMethod.
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2.4 Copulas
2.4.1 Copula

This class inherits from the Distribution class.

Usage : Copula(copulaImplementation)

Arguments : copulalmplementation : a Copulalmplementation, i.e a distribution which must verify the prop-
erties of a copula. This distribution can be any of the IndependentCopula, NormalCopula, ClaytonCopula,
GumbelCopula, FrankCopula, MinCopula or SklarCopula built upon a multivariate distribution such as
the Normal, Student, Dirichlet, Multinomial, KernelMixture, Mixture ones.

Value : a Copula

Links : see docref B122 Copules en

Each getMethod is associated to a setMethod.
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2.4.2 ClaytonCopula
This class inherits from the Copulalmplementation class.
Usage :

ClaytonCopula()

ClaytonCopula(theta)

, . o o ~1/8
Arguments : theta : a real, the only parameter of the Clayton copula, which PDF is : (ul +u, — 1) ,
for u; € [0,1]

Value :

In the first usage, a ClaytonCopula of dimension 2 with 6 = 2.0,

In the second usage, a ClaytonCopula of dimension 2 with the 8 specified.

Links : see docref B122 Copules en
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2.4.3 FrankCopula

This class inherits from the Copulalmplementation class.

Usage :
FrankCopulal()
FrankCopula(theta)

Arguments : theta : a real, the only parameter of the Gumbel copula, which PDF is :

1 (e7fm —1)(e b2 — 1
——log (1
g °® ( + e ?—1

, for u; € [0, 1]
Value :

In the first usage, a FrankCopula of dimension 2 with 6 = 2.0,

In the second usage, a FrankCopula of dimension 2 with the 8 specified.

Links : see docref B122 Copules en
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2.4.4 GumbelCopula
This class inherits from the Copulalmplementation class.
Usage :

GumbelCopula()
GumbelCopula(theta)

Arguments : theta : a real, the only parameter of the Gumbel copula, which PDF is :

€<7((* log(ul))9+(7 log(u2))9)1/9)

, for u; € [0, 1]
Value :

In the first usage, a GumbelCopula of dimension 2 with 6 = 2.0,

In the second usage, a GumbelCopula of dimension 2 with the 8 specified.

Links : see docref B122 Copules en
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2.4.5 IndependentCopula
This class inherits from the Copulalmplementation class.
Usage :

IndependentCopulal()
IndependentCopula(dim)

Arguments : dim : an integer, the dimension of the copula
Value :

In the first usage, a IndependentCopula of dimension 1,

In the second usage, a IndependentCopula of the dimension dim specified.

Links : see docref B122 Copules en
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2.4.6 MinCopula
This class inherits from the Copulalmplementation class.
Usage :

IndependentCopulal()
IndependentCopula(dim)

Arguments : dim : an integer, the dimension of the copula
Value :

In the first usage, a MinCopula of dimension 1,

In the second usage, a MinCopula of the dimension dim specified.

Links : see docref B122 Copules en
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2.4.7 NormalCopula

This class inherits from the Copulalmplementation class.

Usage :

NormalCopula()
NormalCopula(R)

Arguments : R : a CorrelationMatrix which is not the Kendall nor the Spearman rank correlation matrix of
the distribution. The R matrix can be evaluated from the Spearman or Kendall correlation matrix.

Value :

In the first usage, a NormalCopula of dimension 1

In the second usage, a NormalCopula with the correlation matrix R specified.
Some methods :

GetCorrelationFromKendallCorrelation

Usage : NormaCopula.GetCorrelationFromKendallCorrelation(K)

Arguments : K : a CorrelationMatrix, it must be the Kendall correlation matrix of the considered
random vector

Value : a CorrelationMatrix, the correlation matrix of the normal copula evaluated from the Kendall
correlation matrix K

GetCorrelationFromSpearmanCorrelation

Usage : NormalCopula.GetCorrelationFromSpearmanCorrelation(S)

Arguments : S : a CorrelationMatrix, it must be the Spearman correlation matrix of the considered
random vector

Value : a CorrelationMatrix, the correlation matrix of the normal copula evaluated from the Spear-
man correlation matrix S

Links : see docref B122 Copules en
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2.4.8 SklarCopula
This class inherits from the Copulalmplementation class.
Usage : SklarCopula(distribution)

Arguments : distribution : a Distribution, whatever its type (UsualDistribution, ComposedDistribution,
KernelMixture, Mixture, RandomMixture, Copula, ...)

Value : a SklarCopula with the same dimension as the distribution
Some methods : no specific method.

Links : see docref B122 Copules en
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2.4.9 ComposedCopula

This class inherits from the Copulalmplementation class.

Usage : ComposedCopula(copulaCollection)
Arguments : copulaCollection : a CopulaCollection

Value : a ComposedCopula, defined as the product of the initial copulas. For example, if C; and C5 are two
copulas respectively of R™ and R™2, we can create the copula of a random vector of R™ ™72 noted C' as
follows :

C(ula T ’un) = Cl(ula T ’unl)CQ(un1+1a T 7un1+n2)

It means that both subvectors (uy, -« ,up, and (Up;+1, " s Ung+ny) of R™ and R™ are independent.
Some methods :

getCopulaCollection
Usage : getCopulaCollection()

Arguments : none
Value : a CopulaCollection, the collection of copulas from which the ComposedCopula is built

Links : see docref B JoinedCDF en

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 104

2.5 ComposedDistribution

This class inherits from the Distribution class.

Usage :

ComposedDistribution(distributionCollection, copula)

ComposedDistribution(distributionCollection)

Arguments :

distributionCollection : a DistributionCollection, the collection of the marginals of the distribution

copula : a Copula, the copula of the distribution.
Value : a ComposedDistribution,

in the first usage : which marginals and copula are specified,

in the second usage : which marginals are specified, and which copula is the independent one.
Some methods :

getDistributionCollection

Usage : getDistributionCollection()

Arguments : none

Value : a DistributionCollection, the collection of distributions from which the ComposedDistribu-
tion is built

Links : see docref B JoinedCDF _en

Each getMethod is associated to a setMethod.
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2.6 Linear combination of probability density functions
2.6.1 Mixture

A Mixture is a distribution such that its probability density function is a linear combination of probability
density functions, with the linear combination coeflicients greater or equal to zero such that their sum is equal
to 1.

It is important to note that the linear combination coeflicients are given through the weight attribute of each com-
ponent of the DistributionCollection, thanks to the command DistributionCollection[i].set Weight(coefficient).

Usage :

Mixture(distributionCollection)

Mixture(distributionCollection, weights)

Arguments :

distributionCollection : a DistributionCollection, the collection of the distributions which compose the
linear combination

weights : a NumericalPoint, which contains the weights of the distributions in the mixture. These
weights will be used instead of the individual weights of each distribution.

Value : a Mixture

Some methods :

get DistributionCollection
Usage : getDistributionCollection()

Arguments : none

Value : a DistributionCollection the collection of distribution from which the Mixture is built

Details :

probability density function :
n
fl@) = api(x)
i=1

with a; > 0. The null weights are automatically removed from the sum, and the coefficients are
automatically normalized such that > ; o; = 1.

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.6.2 KernelMixture

A KernelMixture is a distribution built from a NumericalSample, such that its probability density function is a
linear combination of the kernel specified by the User, centered on each point of the NumericalSample, which
standard deviation is the bandwidth specified by the User. It is important to note that the linear combination
coefficients are all equal.

Usage : Kernel Mixture(kernel, bandwidth, sample)

Arguments : distributionCollection : a DistributionCollection, the collection of the distributions which com-
pose the linear combination

Value : a KernelMixture
Some methods :

get Bandwidth

Usage : get Bandwidth()
Arguments : none

Value : a NumericalPoint, the bandwidth of the kernel mixture, (see equation below for dimension
1). The bandwidth is the same at each point of the NumericalSample

getKernel
Usage : getKernel()

Arguments : none

Value : a Distribution, the kernel K of the mixture, (see equation below for dimension 1)

getSample

Usage : getSample()
Arguments : none
Value : a NumericalSample, the NumericalSample of the mixture, (see equation below for dimension

1)
Details :

Probability density function in dimension 1 :

where (X1,..., X") is a NumericalSample

Links : see Reference Guide - Standard parametric models

Each getMethod is associated to a setMethod.
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2.6.3 KernelSmoothing

The class KernelSmoothing enables to build some kernels used to fit a distribution to a numerical sample.

Usage :

KernelSmoothing()
KernelSmoothing(Distribution(myDistribution))
KernelSmoothing(DistributionImplentation())

Arguments :

myDistribution : a 1D Distribution of any kind

DistributionImplentation() : default constructor of the 1D UsualDistribution. For example, Uni form/(),
Triangular(), ...

Value : a Distribution

In the first usage, the kernel is the kernel product of 1D Normal(1.0, 0.0). The dimension of the product
is detected from the numerical sample.

In the second usage, the kernel is the kernel product of 1D distributions specified by myDistribution.
Care : the kernel smoothing method is all the more efficient than the kernel is symmetric with respect
to 0.0. The dimension of the product is detected from the numerical sample.

In the third usage, the kernel is the kernel product of the default constructions of the 1D UsualDis-
tributions. Note that the default constructor of a UsualDistribution builds a distribution which is
symmetric with respect to 0.0 when it is possible. The dimension of the product is detected from
the numerical sample.

Some methods :

build
Usage :
build(sample)
build(sample, boundaryCorrection)
build(sample, bandwidth)
build(sample, bandwidth, boundaryCorrection)
Arguments :

sample : a NumericalSample, the numerical sample from which the kernel mixture is built

boundaryCorrection : a Bool which indicates if it is necessary to make a boundary treatment
(according to the mirroring technique)

bandwidth : a NumericalPoint, the bandwidth of the kernel product. The dimension is detected
from the numerical sample sample and evaluated according to the Scott rule.

Value : a Distribution. When the bandwidth is not specified, Open TURNS proceeds as follows :
the plug-in method on the entire numerical sample if its size is inferior to 250; the mixted method
in the other case. Refer to the Reference Guide in order to have details on these methods.

computeSilvermanBandwidth

Usage : computeSilvermanBandwidth(sample)
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Arguments : sample : a NumericalSample, the numerical sample from which the kernel mixture is

built
Value : a NumericalPoint, the bandwidth automatically evaluated by Open TURNS from the nu-

merical sample according to the Silverman rule (see Reference Guide)

compute Plugin Bandwidth
compute Plugin Bandwidth(sample)

Usage :

Arguments : sample : a NumericalSample, the numerical sample from which the kernel mixture is
built

Value : a NumericalPoint, the bandwidth automatically evaluated by Open TURNS from the nu-

merical sample according to the plug-in method (see Reference Guide)

computeMized Bandwidth
compute Mized Bandwidth(sample)

Usage :

Arguments : sample : a NumericalSample, the numerical sample from which the kernel mixture is
built

Value : a NumericalPoint, the bandwidth automatically evaluated by Open TURNS from the nu-

merical sample according to the mixted method (see Reference Guide)

get Bandwidth
Usage : get Bandwidth()

Arguments : none
Value : a NumericalPoint, the bandwidth of the kernel mixture, (see equation below for dimension

1). The bandwidth is the same at each point of the NumericalSample

getKernel
Usage : getKernel()

Arguments : none
Value : a Distribution, the kernel adopted for the kernel smoothing

Details :

Probability density function in dimension 1 :
n .
1 x— X'
pn(x):Z;nhK(h >,J/‘€R
1=
where (X!,..., X") is a NumericalSample and K the kernel PDF,

Probability density function in dimension N :

where vazl K(27) is the kernel product and h = (h',--- ,h") the vector of bandwidth
see Reference Guide - Standard parametric models

Links :
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2.7 Affine combinations of independent univariate random variables
2.7.1 RandomMixture

A RandomMixture Y is a univariate random variable defined as an affine combination of independent univariate
random variable, as follows :

n
Y =ap+ Zaka
k=1

where (a;)o<k<n € R and (Xj)1<g<n are some independent univariate distributions.

Usage :

RandomMizture(coll Dist)
coll Dist, constant)

(
(
(coll Dist, weights)
(

RandomMixture(coll Dist, weights, constant)

RandomM ixture

RandomMixture

Arguments :
collDist : a DistributionCollection, the collection of the univariate independent distributions distribu-
tions which compose the affine combination,
constant : a scalar, the constant term ag of the affine combination,

weights : a NumericalPoint, which contains the weights of the affine combination : (a1, ...,a,).
Value : a RandomMixture such that :

in the first usage : the weights a; have been affected in the distributions of the univariate random
variables X, thanks to the method setWeight(a;), before the creation of collDist. If not specified,
the weight by default is 1.0. The constant term ag = 0.

in the second usage : the weights are defined as in the first usage and the constant term ag is equal to
constant.

in the third usage : the weights are directly specified at the creation of the RandomMixture. The
distribution weights are modified to be equal to those specified values. The constant term ag = 0.

in the fourth usage : the weights are specified as in the third usage and the constant term ag is equal to

constant.

Some methods : As a RandomMixture is a Distribution, it is possible to ask it any request compatible with
a Distribution object : moments, quantiles, PDF and CDF evaluations, ...

project

Usage :
project( factoryCollection, test Result)
project( factoryCollection, test Result, size)
Arguments :

factoryCollection : a FactoryCollection, the collection of models from which one want to find the
best approximation of the RandomMixture.
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testResult : a TestResult, the test result associated with the best model found within the collection
of DistributionFactory upon which one projects the RandomMixture.

size : an integer. The RandomMixture is regularly sampled over a grid of 2 size + 1 points that
correspond to quantiles of regularly spaced levels, then one uses the Kolmogorov test to identify
the best candidate amongst the several factories. If not given, size defaults to 50, which means
a regular sample of size 101.

Value : a Distribution, the best candidates found according to the Kolmogorov test within the given
DistributionFactoryCollection using the regular sample of size 2 size + 1.

Links : see Reference Guide - Standard parametric models
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2.8 Random vector
2.8.1 RandomVector
Usage :

RandomV ector(distribution)

(
RandomV ector( function, antecedent)
RandomV ector( functional ChaosResult)
(

RandomV ector(constant)
Arguments :

distribution : a Distribution
function : a NumericalMathFunction
antecedent : a RandomVector of type Usual (see farther)

functionalChaosResult : a FunctionalChaosResult which contains the results of a Chaos Polynomial
approximation

constant : a NumericalPoint
Value : a RandomVector, which is of type :

Usual : if created thanks to the first usage. In that case, the RandomVector has for distribution the one
specified through distribution.

Composite : if created thanks to the second usage. In that case, the RandomVector is defined as the image
through the function function of the Usual RandomVector antecedent : Y = fuction(antecedent).

FunctionalChaos RandomV ector : if created thanks to the third usage. In that case, the RandomVector
is the image through a functionial chaos approximation model of the assoiated Usual RandomVector.

Constant : if created thanks to the fourth usage. In that case, the RandomVector is a constant vector
equal to the NumericalPoint specified constant.

Some methods :

get Antecedent
Usage : get Antecedent|()

Arguments : no argument

Value : a RandomVector, only in the case of Composite RandomVector : the RandomVector X such
that Y = function(X).

getCovariance

Usage : getCovariance()
Arguments : no argument

Value : a CovarianceMatrix, only in the case of Usual or FunctionalChaos RandomVector : the
covariance of the considered RandomVector

getDistribution
Usage : getDistribution()
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Arguments : no argument

Value : a Distribution, only in the case of Usual RandomVector : the distribution of the Ran-
domVector

getDescription

Usage : getDescription()
Arguments : no argument
Value : a Description, the description of the Randomvector

getDimension
Usage : getDimension()
Arguments : no argument
Value : an integer, the dimension of the RandomeVector

get Functional ChaosResult

Usage : get FunctionalChaosResult()
Arguments : no argument

Value : a FunctionalChaosResult, only in the case of FunctionalChaos RandomVector : the result
structure of the Chaos Polynomial study.

getMarginal

Usage :
getMarginal(i)
getMarginal(indices)

Arguments :
7 : an integer which indicates the component concerned
indices : an Indices which regroups all the components concerned

Value : a RandomVector restricted to the concerned components.

Details : Let’s note Y = (Y,---,Y,)" a random vector and I € [1,n] a set of indices. If Y is a

UsualRandomvector, the subvector is defined by ¥ = (Yi)tiE ;- It Y is a CompositeRandomVector,
defined by Y = f(X) with f = (f1, -+, fn), fi some scalar functions, the sub vector is Y =

(fi(X))ier-
getMean
Usage : ()

Arguments : no argument

Value : a NumericalPoint, only in the case of Usual or FunctionalChaos RandomVector : the mean
vector of the associated distribution

getName

Usage : getName()
Arguments : no argument
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Value : a string, the name of the RandomVector

getNumerical Sample

Usage : get Numerical Sample()
Arguments : no argument

Value : a NumericalSample a sample of the random vector

isComposite
Usage : isComposite()
Arguments : no argument
Value : a boolean which indicates if the RandomVector is of type Composite or Usual.

Each getMethod is associated to a setMethod.
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2.8.2 ConditionalRandomVector

Usage : Conditional RandomV ector(conditional Dist, randomParameters)

Arguments :

conditional Dist : a Distribution
randomParameters : a RandomVector
Value : a ConditionalRandomVector, Y which distribution £(©) has random parameters © distributed accord-
ing to the distribution Dg. The random vector © can be :

e a UsualRandom Vector which means described by a given distribution Deg,

e or a CompositeRandom Vector which means the output vector of a fonction f evaluated on the random
vector X : © = f(X). In that case, the distribution Dg is not explicitely known.

Some methods :

getAntecedent
Usage : getRealization()

Arguments : no argument

Value : a NumericalPoint, a realization of the final distribution of Y. Open TURNS proceeds as
follows : it first generates a realization @ of the random vector © according to Dg then a re-
alization of the distribution £(#) where the random vector © is fixed to the previous realization 6 .

getRandom Parameters

Usage : getRandomParameters()
Arguments : no argument

Value : a RandomVector, the random vector ©.

getDistribution

Usage : getDistribution()
Arguments : no argument
Value : a Distribution, the conditional distribution £(9) .

getDimension

Usage : getDimension()
Arguments : no argument
Value : an integrer, the dimension of the distribution £(©).
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3 Design of experiments
3.1 Experiment
Usage : Experiment(expPlanelmplentation)

Arguments : expPlanelmplentation : an ExperimentImplementation, which is a WeightedExperiment or a
StratifiedExperiment.

Value : an Experiment

Links see docref C11 MinMaxPlanExp

Each getMethod is associated to a setMethod.
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3.2 Stratified Design of Experimentss
3.2.1 StratifiedExperiment

This class inherits from the ExperimentImplentation class.

Usage : StratifiedExperiment(center,levels)
Arguments :
center : a NumericalPoint, which has different meanings according to the nature of the stratifed experi-
ment : Axial, Composite, Factorial or Box (see corresponding documentation)
levels : a NumericalPoint, which has different meanings according to the nature of the stratifed experi-
ment : Axial, Composite, Factorial or Box (see corresponding documentation)

Value : an StratifiedExperiment

Some methods :

generate
Usage : generate()
Arguments : none

Value : a NumericalSample, the points which constitute the stratified design of experiments , ac-
cording to its nature : Axial, Composite, Factorial or Box (see corresponding documentation)

getLevels
Usage : getLevels()
Arguments : none

Value : a NumericalPoint which corresponds to the levels of the stratified experiment, according to
its nature : Axial, Composite, Factorial or Box (see corresponding documentation)

getCenter
Usage : getCenter()
Arguments : none

Value : a NumericalPoint which corresponds to the cenetr of the stratified experiment, according
to its nature : Axial, Composite, Factorial or Box (see corresponding documentation)

.str()

Usage : str()
Arguments : no argument
Value : a string which describes the Experiment
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3.2.2 Axial

This class inherits from the StratifiedExperiment class.

Usage :

Awxial(center, levels)

Azial(dimension, levels)
Arguments :

center : a NumericalPoint, the center of the design of experiments

levels : a NumericalPoint, the discretisation of directions (the same for each one), without any consid-
eration of unit

dimension : an integer, the dimension of the space where the design of experiments is created
Value : a Axial

In the first usage, the design of experiments is centered on center.

In the second usage, the design of experiments is centered on the center = 0. It is recommended to use
that usage, then to scale the NumericalSample generated in order to take into consideration the unit
of each direction, then to translate it onto the center point.

Details :

Number of points generated : 1+ 2 x levels.get Dimension() * dimension
The axial plane generates a NumericalSample where :

the first point is the vector (center),
the following points are : each coordinate one at a time is equal to + /- levels[i], for each direction

so on, until the last level.

Links
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3.2.3 Factorial

This class inherits from the StratifiedExperiment class.

Usage :

Factorial(center, level)

Factorial(dimension, level)
Arguments :

center : a NumericalPoint, the center of the design of experiments

level : a NumericalPoint, the discretisation of directions (the same for each one), without any consider-
ation of unit

dimension : an integer, the dimension of the space where the design of experiments is created
Value : a Factorial

In the first usage, the design of experiments is centered on center.

In the second usage, the design of experiments is centered on the center = 0. It is recommended to use
that usage, then to scale the NumericalSample generated in order to take into consideration the unit
of each direction, then to translate it onto the proper center.

Details :

Number of points generated : 1+ levels.get Dimension() x 2¢imension

The factorial plane generates a NumericalSample where :

the first point is the vector (center),

the following points are : all coordinates are equal to + /- levels[i] for each direction

Links
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3.2.4 Composite

This class inherits from the StratifiedExperiment class.

Usage :

Composite(center, level)

Composite(dimension, level)

Arguments :

center : a NumericalPoint, the center of the design of experiments

level : a NumericalPoint, the discretisation of directions (the same for each one), without any consider-
ation of unit

dimension : an integer, the dimension of the space where the design of experiments is created
Value : a Composite

if defined with the first usage, the design of experiments is centered on center

if defined with the second usage, the design of experiments is centered on the center = 0. It is rec-
ommended to use that usage, then to scale the NumericalSample generated in order to take into
consideration the unit of each direction, then to translate it onto the proper center.

Details :

A composite plane is the union of an axial and a factorial one
Number of points generated : 1+ levels.get Dimension() * (2 x dimension + 2%imension)
The composite plane generates a NumericalSample where :

In the first usage, the design of experiments is centered on center.

Links
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3.2.5 Box

This class inherits from the StratifiedExperiment class.

Usage :
Box(levels)

Arguments :

levels : a NumericalPoint, which specifies the number of intermediate points on each direction which
regularly discretize [0, 1]. In direction 4, the points number is levels[i] + 2 : the extreme bounds 0
and 1 are always taken.

Value : a Box, which regularly discretizes the unit pavement [0, 1] with the specified number of intermediate
points for each direction

Details :

Box discretizes the unit pavement [0, 1]™ where n = levels.get Dimension().

n
Number of points generated : H(2 + levelsli]).
i=1
The box plane generates a NumericalSample which discretizes the unit pavement [0,1]" where n =
levels.get Dimension() : each direction i contains the extreme bounds 0 and 1 and the levels]i]
intermediate points regularly positionned between these extreme bounds.

It is recommended to use the scale, translate methods of the NumericalSample in order to scale each
direction and translate the grid structure onto the proper center.

Links see docref C11 MinMaxPlanExp
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3.3 WeightedExperiment

This class inherits from the ExperimentImplementation class.

It is used to define the approximation of the the esperance £, :
E,[f(2)] ~ Zwif(Ei) (1)
i€l
where f is a function L (p).
Usage : Weighted Experiment(distribution, size)
Arguments :

distribution : a Distribution, the distribution p of (1).

stize : an integer, the number of points that will be generated in the experiment.
Value : a WeightedExperiment

Some methods :

generate
Usage : generate()
Arguments : none

Value : a NumericalSample, the points (Z;);e; which constitute the design of experiments with
cardl = size. The sampling method is defined by the nature of the weighted experiment.

getDistribution
Usage : getDistribution()
Arguments : none
Value : the Distribution p of (1). .

getSize
Usage : getSize()
Arguments : none
Value : an integer, the number cardl of points of the design of experiments .

getWeight
Usage : getWeight()
Arguments : none
Value : a NumericalPoint of dimension 1 and size cardl that contains all the weights : (w;)er.

.str()
Usage : str()
Arguments : no argument
Value : a string which describes the WeightedExperiment.

Links
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3.4 Random Weighted Design of Experimentss
3.4.1 LHSExperiment

This class inherits from the WeightedExperiment class.

Usage :
LH S Ezxzperiment(distribution, size)
Arguments :

distribution : the Distribution p of (1) according to which the points of the design of experiments will
be generate with the LHS technique. CARE : that distribution must have an independent copula to
make the method valid;

size : an integer, the number carl of points that will be generated.

Value : a LHSExperiment. The weights asosciated to the points are all equal to i
car

Details : The method generate generates a NumericalSample of points (Z;);c; which points are generated
according to p with the LHS technique : some cellulars are determined, with the same probabilistic
content according to distribution, then cellulars are selected verifying the constraint «one by line and
columny», then points are selected among these selected cellulars. When the method generate is recalled,
the NumericalSample generated changes : the point selection within the cellulars changes but not the
cellulars selection. To change the cellular selection, it is necessary to create a new LHS Experiment.

Links
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3.4.2 MonteCarloExperiment

This class inherits from the WeightedExperiment class.

Usage :
MonteCarloExperiment(distribution, size)
Arguments :

distribution : a Distribution, the distribution g of (1) according to which the points of the design of
experiments will be generate with the Monte Carlo technique. CARE : that distribution must have
an independent copula to make the method valid;

size : an integer, the number of points cardl that will be generated.

Value : a MonteCarloExperiment. The weights asosciated to the points are all equal to i
car

Details : The method generate generates a NumericalSample of points (Z;);er which points are independently
generated from p. When the method generate is recalled, the sample generated changes.

Links
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3.4.3 ImportanceSamplingExperiment

This class inherits from the WeightedExperiment class.

Usage :
ImportanceSampling Experiment(distribution, importance Distribution, size)

Arguments :
distribution : a Distribution, the distribution p bution, the distribution p of (1). CARE : that distribu-
tion must have an independent copula to make the method valid.

importanceDistribution : a Distribution, the distribution p according to which the points of the design
of experiments will be generated with the Importance Sampling technique. CARE : that distribution
must have an independent copula to make the method valid.

size : an integer, the number cardl of points that will be generated.

[1]

~—

L u(E
cardl p(Z;)’

Value : a ImportanceSamplingExperiment. The weights asosciated to the points are all equal to

Details : The method generate generates a NumericalSample of points (Z;);c; which points are independently
generated from distribution. When the method generate is recalled, the sample generated changes.

Links
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3.5 Deterministic Weighted Experiments
3.5.1 FixedExperiment

This class inherits from the WeightedExperiment class.

Usage :

Fized Experiment(partNumSamp)
Fized Experiment(part NumSamp, weight)

Arguments :

partNumSamp : a NumericalSample, a sample that already exists.

weight : a NumericalPoint, the weight of each point of part NumSamp

when not specified.

1
Value : a FixedExperiment. The weights asosciated to the points are all equal to 11
car
Then, the sample part NumSamp is considered as generated from the limit distribution limcarar—oo ;e Wid X, =
1b.

Details : The method generate always gives the same numerical sample, the partNumSamp, even if it is
recalled. It enables to take into account a random sample which has been obtained outside the Open
TURNS study or at another step of the Open TURNS study.

The method setDistribution has no side effect, as the distribution is fixed by the initial sample.

Links
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3.5.2 LowDiscrepancyExperiment

This class inherits from the WeightedExperiment class.

Usage :

LowDiscrepancy Experiment(sequence, size)

LowDiscrepancy Experiment(sequence, size, measure)

Arguments :
sequence : a LowDiscrepancySequence wich is a sequence of points (u,...,uy) with low discrepancy
(see different models of such sequences in Open TURNS).
size : the integer IV, the number of points of the sequence.

measure : the Distribution g of (1) with independent copula and dimension n. The low discrepancy
sequence (x1,...,zy) is uniforly distributed over [0, 1]”. We use the marginal transformation & =

1
F;l(ui) to generate points (&;);c; according to the distribution u. The weights are all equal to N

Value : a LowDiscrepancyExperiment.

Details : The method generate generates a NumericalSample of points (&;);c;r and which points are inde-
pendently generated from distribution. When the method generate is recalled, the sample generated
changes.

Links
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3.5.3 GaussProductExperiment

This class inherits from the WeightedExperiment class.

Usage :
GaussProduct Experiment(measure, marginal Degrees)
Arguments :

sequence : a GaussProductExperiment which contains the Gauss quadrature points and their associated
weights in dimension n.

marginalDegrees : a Indices that fixes the number of points N; for each direction.

measure : the Distribution u of (1) of dimension n with independent copula.
Value : a GaussProductExperiment which contains cardl = [[;; N;.

Details : If the number of points bfor each direction doesn’t change, the methode generate always gives the
same sample.

Links

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 128

3.6 Low Discrepancy Sequences
3.6.1 FaureSequence
Usage :

FaureSequence(dimension)

FaureSequence()
Arguments :

dimension : an integer which is the dimension of the points.
Value : a FaureSequence. When not mentioned, dimension = 1.

Details : The method generate(size) generates a NumericalSample composed by the size first points of the
sequence.

Links see Reference Guide - Low Discrepancy Sequences
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3.6.2 HaltonSequence
Usage :

HaltonSequence(dimension)

HaltonSequence()
Arguments :

dimension : an integer which is the dimension of the points.
Value : a HaltonSequence. When not mentioned, dimension = 1.

Details : The method generate(size) generates a NumericalSample composed by the size first points of the
sequence.

Links see Reference Guide - Low Discrepancy Sequences
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3.6.3 ReverseHaltonSequence
Usage :

ReverseH altonSequence(dimension)

ReverseH altonSequence()
Arguments :

dimension : an integer which is the dimension of the points.
Value : a ReverseHaltonSequence. When not mentioned, dimension = 1.

Details : The method generate(size) generates a NumericalSample composed by the size first points of the
sequence.

Links see Reference Guide - Low Discrepancy Sequences
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3.6.4 HaselgroveSequence
Usage :

HaselgroveSequence(base)
HaselgroveSequence(dimension)

HaselgroveSequence()
Arguments :

base : a NumericalPoint of positive real values linearly independent over the integer ring, i.e no linear
combination with integer coefficients of these values can be zero excepted if all the coefficients are
zero. The dimension of the sequence is given by the dimension of the base.

dimension : an integer which is the dimension of the points.
Value : a HaselgroveSequence. When not mentioned, dimension = 1.

Details : The method generate(size) generates a NumericalSample composed by the size first points of the
sequence.

Links see Reference Guide - Low Discrepancy Sequences
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3.6.5 SobolSequence
Usage :

SobolSequence(dimension)

SobolSequence()
Arguments :

dimension : an integer which is the dimension of the points.
Value : a SobolSequence. When not mentioned, dimension = 1.

Details : The method generate(size) generates a NumericalSample composed by the size first points of the
sequence.

Links see Reference Guide - Low Discrepancy Sequences
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4 Functions

4.1 DualLinearCombinationEvaluationlmplementation

DualLinearCombinationEvaluationImplementation inherits from NumericalMathEvaluationlmplementation.

Usage :
Dual LinearCombination EvaluationImplementation(scalar FctColl, vectCoe fColl)
Arguments :

scalar FctColl : a NumericalMathFunctionCollection, collection of several scalar NumericalMathFunc-
tion.
vectCoefColl : a NumericalSample.

Value : a NumericalMathFunction which is the linear combination vect LinComb of the scalar functions defined
in scalarFctColl with vectorial weights defined in vectCoe fColl.

If

scalarFctColl = (f1,..., fn)
where

VI<i<N, f;:R" — R

and

vectCoefColl = (¢q,...,cN)
where

V1<i<N,c €RP

then

vectLinComb: | R* — RP

N
X — Y afilX)

i=1
Some methods :

getCoef ficients

Usage : getCoef ficients()
Arguments : none

Value : a NumericalSample, the vectorial coefficents (¢, . . ., ¢ ) which define the linear combination
vect LinComb.

get FunctionsCollection

Usage : getFunctionsCollection()
Arguments : none

Value : a NumericalMathFunctionCollection, the collection of scalar functions (f1,..., fy) which
defines the linear combination vectLinComb.

set FunctionsCollection AndCoef ficients
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Usage :
set FunctionsCollection AndCoef ficients(scalar FctColl, vectCoe fColl)
Arguments :

scalarFctColl : a NumericalMathFunctionCollection, collection of several scalar Numerical-
MathFunction.

vectCoefColl : a NumericalSample.

Value : a NumericalMathFunction vect LinComb defined from scalar FctColl and vectCoefColl as
mentioned above.
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4.2 DualLinearCombinationGradientImplementation

DualLinearCombinationGradientImplementation inherits from NumericalMathGradientImplementation.
Usage :

Dual LinearCombinationGradientImplementation(myDLCEI)
Arguments :

myDLCFEI : a DualLinearCombinationEvaluationlmplementation.

Value : a DualLinearCombinationGradientImplementation which the implementation of the gradient. By de-
fault, the analytical gradient is implemented.
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4.3 DualLinearCombinationHessianImplementation

DualLinearCombinationHessianImplementation inherits from NumericalMathHessianImplementation.
Usage :

DualLinearCombinationH essianImplementation(myDLCEIT)
Arguments :

myDLCFEI : a DualLinearCombinationEvaluationlmplementation.

Value : a DualLinearCombinationHessianIlmplementation which the implementation of the gradient. By de-
fault, the analytical gradient is implemented.
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4.4 NumericalMathFunction

Usage :

Numerical M athFunction( fileName)

Numerical M ath Function(model Python)

Numerical M ath Function(input, output, formula)
Numerical M ath Function(inputString, output String, formulaString)
Numerical M ath Function(f, g)

Numerical M athFunction( functionCollection)

Numerical M ath Function( functionCollection, scalarCoe f ficientColl)
(
(

Numerical M ath Function(scalar FunctionCollection, vectorCoef ficientColl)

e B A T o e

Numerical M ath Function( function, comparisonOperator, threshold)

Arguments :

"

fileName : a string to name the XML file (without the extension
mentation of the considered function

xml") which contains the imple-

model Python : a NumericalMathFunctionlmplementation, the implementation in the script python of
a function. This function modelPython must derive from the class OpenTURNSPythonFunction (see
the Use Cases Guide to have an example of implementation) of the considered function

input : a Description which describes the input of the NumericalMathFuction

output : a Description which describes the output of the NumericalMathFuction

formula : a Description, the analytical formula of the NumericalMathFuction

inputString : a String which describes the input of the NumericalMathFuction

outputString : a String which describes the output of the NumericalMathFuction

formulaString : a String, the analytical formula of the NumericalMathFuction

f, g : two NumericalMathFunction

functionCollection : a NumericalMathFunctionCollection, collection of several NumericalMathFunction

scalar FunctionCollection : a NumericalMathFunctionCollection, collection of several scalar Numerical-
MathFunction

scalarCoef ficientColl : a NumericalPoint,
vectorCoef ficientColl : a NumericalSample,
function : a NumericalMathFunction
comparisonOperator : a ComparisonOperator

threshold : a NumericalScalar

Value :

usage 1 : a NumericalMathFunction which is implemented in the wrapper file 'fileName’,

usage 2 : a NumericalMathFunction which is implemented in a python class OpenTURNSPythonFunc-
tion,

usage 3 : a NumericalMathFunction which is defined by ouput = fomula(input)
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usage 4 : a NumericalMathFunction which is defined by ouputString = fomulaString(inputString)
usage 5 : a NumericalMathFunction which is the composition function fog

usage 6 : a NumericalMathFunction which is the agregated function agregF'ct defined as follows :
if

functionCollection = (f1,..., fN)

where
fi : Rn — Rpi

then the agregated function is :

agregFct: | R — RP

with

usage 7 : a NumericalMathFunction which is the linear combination linComb of the functions defined
in functionCollection with scalar weights defined in scalarCoef ficientColl. If

functionCollection = (f1,..., fN)

where
Vi<i<N, f; :R" —R?

and
scalarCoef ficientColl = (cy,...,cy) € RN

then the linear combination is :

linComb: | R* — RP

X — Z cifi(X)

usage 8 : a NumericalMathFunction which is the linear combination vect LinComb of the scalar functions
defined in scalar FunctionCollection with vectorial weights defined in vectorCoef ficientColl.

It
scalar FunctionCollection = (f1,..., fN)
where
VI<i<N, fi :R" —R
and
vectorCoef ficientColl = (cq,...,cn)
where
V1<i<N,¢ eR?
then

vectLinComb: | R® — RP
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usage 9 : a NumericalMathFunction which is the indicator function indFactor of the event defined by
function , comparisonOperator and threshold. For example, if comparisonOperator is >, then

indFactor = 1{function>threshold}

Some methods :

0

Usage :
Numerical M athFunction(x)
Numerical M athFunction(sample)
Arguments :
x : a NumericalPoint
sample : a NumericalSample
Value :
while using the first usage, a NumericalPoint, the NumericalMathFunction value at point x

while using the second usage, a NumericalSample, the NumericalMathFunction value on the
sample sample

getDescription
Usage : getDescription()
Arguments : none

Value : a Description which describes the inputs and the ouputs of the NumericalMathFunction
(use print NumericalMathFunction.getDescription() command to visualize it)

get EvaluationCalls Number
Usage : getEvaluationCalls Number()
Arguments : none

Value : an integer that counts the number of times the NumericalMathFunction has been called
since its creation

getInputVariablesName

Usage : getInputVariablesName()
Arguments : none
Value : a Description, the description of the input variables

getFormula

Usage : getFormulal()
Arguments : none

Value : a String, the formula between the input and the output in the case where the function is :
R— R

getFormulas

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 140

Usage : getFormulas()
Arguments : none
Value : a Description, the description of the formulas between the inputs and the outputs

getGradientCalls Number

Usage : getGradientCallsNumber()
Arguments : none

Value : an integer that counts the number of times the gradient of the NumericalMathFunction has
been called since its creation. Note that if the gradient is implemented by a finite difference
method, the gradient calls numbers is equal to 0 and the different calls are counted in the
evaluation calls number

getGradientImplementation
Usage : getGradientImplementation()
Arguments : none

Value : a NumericalMathGradientImplementation, the gradient function

getHessianCalls Number
Usage : getHessianCallsNumber()
Arguments : none

Value : an integer that counts the number of times the gradient of the NumericalMathFunction
has been called since its creation. Note that if the hessian is implemented by a finite differ-
ence method, the hessian calls numbers is equal to 0 and the different calls are counted in the
evaluation calls number

getHessianImplementation

Usage : getHessianImplementation()
Arguments : none
Value : a NumericalMathHessianImplementation, the hessian function

getInput Description
Usage : getInputDescription()

Arguments : none

Value : a Description which describes the inputs of the NumericalMathFunction

getInput Numerical Point Dimension or getInputDimension

Usage : getInput Numerical Point Dimension(), getInput Dimension()
Arguments : none

Value : an integer, the dimension of the input space

get EvaluationImplementation

Usage : get EvaluationImplementation()
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Arguments : none
Value : a NumericalMathEvaluationlmplementation, the evaluation function

getMarginal

Usage :
getMarginal (i)
getMarginal(indices)

Arguments :
i : an integer corresponding to the marginal (Care : the numbering starts at 0 )
indices : an Indices, the set of indices for which the marginal is extracted

Value : a NumericalMathFunction, corresponding to either f; or (f;)icindices, with f : R — RP

and f = (fo,---; fp-1)-

getOutput Description
Usage : getOutputDescription)

Arguments : none

Value : a Description which describes the outputs of the NumericalMathFunction object

getOutput Numerical Point Dimension or getOutput Dimension

Usage : getOutput Numerical Point Dimension(), getOutput Dimension|)
Arguments : none

Value : an integer, the dimension of the output space

getOutput History

Usage : getOutput History()
Arguments : none

Value : a HistoryStrategy which stores all the numerical points which are the values of the function
associated to the InputStrategy.

getInput History
Usage : getInput History()

Arguments : none

Value : a HistoryStrategy which stores all the numerical points over wichi the function has been
evaluated

disableHistory

Usage : disableHistory()
Arguments : None.
Value : None. Desactivate the history mechanism.

enable History
Usage : enableHistory()
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Arguments : None.
Value : None. Activate the history mechanism.

isHistoryEnabled

Usage : isHistoryEnabled()
Arguments : None.
Value : a logical value. True if the history mechanism is activated. It is activated by default.

resetHistory

Usage : resetHistory()
Arguments : None.
Value : None. Clear the history.

disableCache

Usage : disableCache()
Arguments : None.

Value : None. Desactivate the history mechanism.

enableCache

Usage : enableCache()
Arguments : None.
Value : None. Activate the history mechanism.

1sCacheEnabled

Usage : isCacheEnabled()
Arguments : None.
Value : a logical value. True if the history mechanism is activated. It is activated by default.

getCacheHits

Usage : getCacheHits()
Arguments : None.
Value : an integer that count the number of computatins savec by the cache mecanism.

getCachelnput

Usage : getCachelnput()
Arguments : None.

Value : a NumericalSample that gives all the numerical points stored ion the cache mecanism.

addCacheContent

Usage : addCacheContent(inSample, outSample)
Arguments : inputSample, output Sample : NumericalSample.
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Value : none. It adds the prevous samples in the cache mecanism.

getOutputVariablesName

Usage : getOutputVariablesName()
Arguments : none
Value : a Description, the description of the output variables

getParameters

Usage : getParameters()
Arguments : none

Value : a NumericalPoint, the NumericalPoint corresponding to parameters of the NumericalMath-
Function

GetValidOperators

Usage : GetValidOperators()
Arguments : none
Value : a Description, containing the list of the operators we can use within Open TURNS

GetValidFunctions
Usage : GetValidFunctions()

Arguments : none

Value : a Description, containing the list of the functions we can use within Open TURNS

GetValidConstants
Usage : GetValidConstants()

Arguments : none

Value : a Description, containing the list of the constants we can use within Open TURNS

gradient
Usage : gradient(x)
Arguments : z : a NumericalPoint (which has the same dimension as the inputs)
Value : a Matrix, the gradient (with respect to the inputs) of the NumericalMathFunction

hessian
Usage : hessian(z)
Arguments : x : a NumericalPoint (which has the same dimension as the inputs)

Value : a SymmetricTensor, the hessian (with respect to the inputs) of the NumericalMathFunction

setName

Usage : setName(name)
Arguments : name : a string (between quotations marks)

Value : it gives a name to the NumericalMathFunction
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Here is the list of constants proposed by Open TURNS :
e ¢ Euler’s constant (2.71828...),
e pi: Piconstant (3.14159...)
Here is the list of functions proposed by Open TURNS :
e sin(arg) : sine function,
e cos(arg) : cosine function,
e tan(arg) : tangent function,
(arg) : inverse sine function,
e acos(arg) : inverse cosine function,
(arg) : inverse tangent function,
e sinh(arg) : hyperbolic sine function,
(arg) : hyperbolic cosine function,
e tanh(arg) : hyperbolic tangens function,
e asinh(arg) : inverse hyperbolic sine function,
e acosh(arg) : inverse hyperbolic cosine function,
e atanh(arg) : inverse hyperbolic tangent function,

e [0g2(arg) : logarithm in base 2,log10(arg) : logarithm in base 10,log(arg) : logarithm in base e (2.71828...),In(arg)
: alias for log function,

e [ngamma(arg) : log of the gamma function,
e gamma(arg) : gamma function,

e exp(arg) : exponential function,

e erf(arg) : error function,

e erfe(arg) : complementary error function,
e sqrt(arg) : square root function,

e cbrt(arg) : cubic root function,

e besselJO(arg) : 1rst kind Bessel function with parameter 0,

(arg)
e besselJ1(arg) : 1rst kind Bessel function with parameter 1,
e besselY0(arg) : 2nd kind Bessel function with parameter 0,
e besselY1(arg) : 2nd kind Bessel function with parameter 1,

e sign(arg) : sign function -1 if x<0; 1 if x>0,
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e rint(arg) : round to nearest integer function,

e abs(arg) : absolute value function,

e if(argl,arg2,arg3) : if argl then arg? else arg3,

e min(argl,...,argn) : min of all arguments,

e mazx(argl,...,argn) : max of all arguments,

e sum(argl,...,argn) : sum of all arguments,

e avg(argl,...,argn) : mean value of all arguments .
Here is the list of operators proposed by Open TURNS :

e = : assignement, can only be applied to variable names (priority -1),

e and : logical and (priority 1),

e or : logical or (priority 1),

e xor : logical xor (priority 1),

e <= less or equal (priority 2),

e >= greater or equal (priority 2),

e | =: not equal (priority 2),

e == equal (priority 2),

e > : greater than (priority 2),

e < : less than (priority 2),

e -+ : addition (priority 3),

e — : subtraction (priority 3),

e x : multiplication (priority 4),

e / : division (priority 4),

e : logical negation (priority 4),

e not : alias for (priority 4),

e — : sign change (priority 4),

e : raise x to the power of y (priority 5).
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4.5 NumericalMathEvaluationlmplementation

Usage : this object is the result of the method get EvaluationImplementation() of a NumericalMathFunction.
Some methods :

getMarginal
Usage :
getMarginal(i)
getMarginal(indices)
Arguments :
i : an integer corresponding to the marginal (Care : the numbering starts at 0 )
indices : a Indices, the set of indices for which the marginal is extracted

Value : a NumericalMathFunction, the restriction of the Evaluation function to its components
functions which indices are 7 or in indices
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4.6 NumericalMathGradientImplementation

Usage : this object is the result of the method getGradientImplementation() of a NumericalMathFunction.
Some methods :

getMarginal
Usage :
getMarginal(i)
getMarginal(indices)
Arguments :
i : an integer corresponding to the marginal (Care : the numbering starts at 0 )
indices : a Indices, the set of indices for which the marginal is extracted

Value : a NumericalMathFunction, the restriction of the Gradient function to its components func-
tions which indices are 7 or in indices
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4.7 NumericalMathHessianlmplementation

Usage : this object is the result of the method get HessianImplementation() of a NumericalMathFunction.
Some methods :

getMarginal
Usage :
getMarginal(i)
getMarginal(indices)
Arguments :
i : an integer corresponding to the marginal (Care : the numbering starts at 0 )
indices : a Indices, the set of indices for which the marginal is extracted

Value : a NumericalMathFunction, the restriction of the Hessian function to its components func-
tions which indices are i or in indices.
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4.8 CenteredFiniteDifferenceMathGradientImplementation

CenteredFiniteDifferenceMathGradientImplementation inherits from NumericalMathGradientImplementation

Usage :

CenteredFiniteDif ference M athGradientImplementation(epsilon, eval Impl)
CenteredFiniteDif ference M athGradientImplementation(step, evalImpl)

Arguments :

evalImpl a NumericalMathFunctionEvaluationlmplementation, the implementation of the evaluation of
a function

epsilon : a NumericalScalar, the finite difference step
epsilon : a NumericalPoint, the finite difference steps for each dimension

step : a FiniteDifferenceStep, the object that defines how finite difference steps values are computed
Value :

a CenteredFiniteDifferenceMathGradientImplementation
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4.9 NonCenteredFiniteDifferenceMathGradientImplementation
NonCenteredFiniteDifferenceMathGradientImplementation inherits from NumericalMathGradientImplementa-
tion
Usage :
NonCenteredFiniteDif ference MathGradientImplementation(epsilon, evalImpl)
NonCenteredFiniteDif ference M athGradientImplementation(step, eval Impl)
Arguments :

evalImpl a NumericalMathFunctionEvaluationImplementation, the implementation of the evaluation of
a function

epsilon : a NumericalScalar, the finite difference step
epstlon : a NumericalPoint, the finite difference steps for each dimension

step : a FiniteDifferenceStep, the object that defines how finite difference steps values are computed
Value :

a NonCenteredFiniteDifferenceMathGradientImplementation
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4.10 CenteredFiniteDifferenceMathHessianImplementation

CenteredFiniteDifferenceMathHessianImplementation inherits from NumericalMathHessianImplementation

Usage :

CenteredFiniteDif ference M athH essianImplementation(epsilon, evalImpl)
CenteredFiniteDif ference MathH essianImplementation(step, eval Impl)

Arguments :

evalImpl a NumericalMathFunctionEvaluationlmplementation, the implementation of the evaluation of
a function

epsilon : a NumericalScalar, the finite difference step
epsilon : a NumericalPoint, the finite difference steps for each dimension

step : a FiniteDifferenceStep, the object that defines how finite difference steps values are computed
Value :

a CenteredFiniteDifferenceMathHessianImplementation
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4.11 FiniteDifferenceStep
Usage :

FiniteDif ferenceStep(finiteDif ferenceStepImplementation)
Arguments :

finiteDif ferenceStepImplementation a FiniteDifferenceSteplmplementation, the implementation of
the finite difference step

Value :
a FiniteDifferenceStep

Details : Defines how finite difference steps are computed
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4.12 ConstantStep
ConstantStep inherits from FiniteDifferenceStepImplementation
Usage :
ConstantStep(epsilon)
Arguments :
epstlon a NumericalPoint, the finite difference steps for each dimension
Value :
a ConstantStep

Details : The finite difference step is constant and equal to epsilon
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4.13 BlendedStep
BlendedStep inherits from FiniteDifferenceStepImplementation
Usage :

BlendedStep(epsilon)
BlendedStep(epsilon, eta)
BlendedStep(epsilon, eta)

Arguments :

epstlon a NumericalPoint, the finite difference step factor for each dimension

eta a NumericalScalar, the finite difference step offset for every dimension, must be positive

eta a NumericalPoint, the finite difference step offset for each dimension, must be positive

Value :
a BlendedStep,

Details : The finite difference step is epsilon - (x| + eta)
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4.14 MarginalTransformationEvaluation
Usage :

MarginalTrans formation Evaluation(distCol, direction)
MarginalTrans formation Evaluation(distCol)

MarginalTrans formation Evaluation(distCol, output DistCol)

Arguments :

distCol : a DistributionCollection,

direction : an integer or MarginalTransformation Evaluation.FFROM (associated to the integer 0) or
MarginalTrans formation Evaluation.TO (associated to the integer 1). If not specified, direction =
1.

output DistCol : a DistributionCollection

Value : NumericalMathEvaluationlmplementation : this class contains NumericalMathFunction which can be
evaluated in one points but which proposes no gradient nor hessian implementation.

In the first usage, if direction = MarginalTrans formation Evaluation.F ROM, the created opera-
tor transforms a NumericalPoint into its rank according to the marginal distributions described
in distributionCollection : if we note (Fx,,...,Fx,) the CDF of the distributions contained in
distributionCollection, then the created operator works as follows :

(x1y...yzn) — (Fx,(21),..., Fx, (z3))

If direction = MarginalTrans formation Evaluation. T O, the created operator works in the oppo-
site direction :

(T1,...,2p) — (F)EII(M), . ,F)}i(xn))
In that case, it requires that all the values x; be in [0, 1].

In the second usage, the created operator transforms a NumericalPoint into the following one, where
output DistributionCollection contains the (Fy,, ..., Fy, ) distributions:

(:pl,...,xn) — (F;ll oFXl(xl),.. . ,anl OFXn(.%'n))

Some methods :

0

Usage : MarginalTrans formation Evaluation(point)
Arguments : point : a NumericalPoint
Value : a NumericalPoint
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4.15 SpatialFunction

SpatialFunction inherits from DynamicalFunctionlmplementation.

Usage :

Spatial Function(function)

Spatial Function(evaluation)

Arguments :

function : a NumericalMathFunction, the function that act on the spatial part of time series.

evaluation : a NumericalMathEvaluationlmplementation, the evaluation part of a NumericalMathFunc-
tion that act on the spatial part of time series.

Value : a SpatialFunction which acts on time series only on their spatial part. If f is the spatial function, with
f R XxR"” — R x RP, and g is the associated evaluation g : R” — RP, we have:

V(t,z) eRxR",  f(t,z) = (t g(z))
The time grid of the resulting time series is the same as the time grid of the input time series.

Some methods :

get Evaluation

Usage : get Evaluation()

Arguments : none

Value : a NumericalMathEvaluationlmplementation, the evaluation g describing the action of the
SpatialFunction on time series
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4.16 TemporalFunction

TemporalFunction inherits from DynamicalFunctionlmplementation.

Usage :

Temporal Function( function)

Temporal Function(evaluation)

Arguments :

function : a NumericalMathFunction, the function that act on the couples (¢, z) of a time series.
evaluation : a NumericalMathEvaluationlmplementation, the evaluation part of a NumericalMathFunc-

tion that act on the couples (¢, z) of time series.

Value : a TemporalFunction which acts pointwise on time series. If f is the spatial function, with f : RxR" —
R x RP, and g is the associated evaluation ¢ : R"*! — RP, we have:

V(t,z) e RxR™, f(t,z) = (t,9(z))

where 2/ = (t,f)t. The time grid of the resulting time series is the same as the time grid of the input
time series.

Some methods :

getEvaluation

Usage : get Evaluation()
Arguments : none

Value : a NumericalMathEvaluationImplementation, the evaluation g describing the action of the
TemporalFunction on time series
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4.17 DynamicalFunction
Usage :
1. Numerical M ath Function(implementation)

Arguments :

implementation : a DynamicalFunctionlmplementation object, which can be a TemporalFunction or a
SpatialFunction for example.

Value : a DynamicalFunction object, it means a function that acts globally on time series to produce time
series. The resulting time series can have a time grid different form the time grid of the input time series.

Some methods :

0

Usage :
Dynamical Function(timeSeries)
Dynamical Function(processSample)
Arguments :
timeSeries : a TimeSeries
processSample : a ProcessSample
Value :
while using the first usage, a TimeSeries, the value of the DynamicalFunction on the input time
series timeSeries
while using the second usage, a ProcessSample, the value of the DynamicalFunction on the
input process sample processSample

getInput Description

Usage : getInputDescription()
Arguments : none
Value : a Description which describes the inputs of the DynamicalFunction

getInput Dimension

Usage : getInputDimension()
Arguments : none

Value : an integer, the input dimension n of the dynamical function.

getOutput Description

Usage : getOutputDescription()
Arguments : none
Value : a Description which describes the outputs of the DynamicalFunction

getOutput Dimension

Usage : getOutput Dimension()
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Arguments : none
Value : an integer, the output dimension p of the dynamical function.

getCallsNumber

Usage : getCallsNumber()
Arguments : none

Value : an integer that counts the number of times the DynamicalFunction has been called since
its creation

getMarginal

Usage :
getMarginal(i)
getMarginal(indices)

Arguments :
i : an integer corresponding to the marginal (Care : the numbering starts at 0 )
indices : an Indices, the set of indices for which the marginal is extracted

Value : a DynamicalFunction, corresponding to either f; or (fi)icindices, with f : RxR"™ — R x RP

and f = (fo,--- fp-1)-
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5 FFT

The objective of this class is to implement the Fourier transformations (direct and inverse) using external tools
such as KissFFT. We describe here the methods of this class.

Usage :
FFT()

Value : FFT

This instantiates the Fast Fourier Transform (FFT) class
Some methods :

getName
Usage : getName()
Arguments : none
Value : a string, the name of the FFT

inverseTransform
Usage : inverseTransform(collection)
Arguments : Numerical ComplexCollection

Value : a Numerical ComplexCollection. This computes the Fourier inverse transformation of the
values contained in collection.

setName
Usage : setName(name)
Arguments : name : a string
Value : the FFT is named name

transform
Usage : transform(collection)
Arguments : Numerical ComplexCollection

Value : a NumericalComplexCollection. This computes the Fourier transformation of the values
contained in collection. Notice also that the collection might be a NumericalScalarCollection
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5.0.1 KissFFT

The KissFFT class inherits from the FFT class. The methods are the same as the FFT class (there is no
additional method). This class interacts with the kissfft implemented and return results as OpenTurns objects
(NumericalComplexCollection).
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6 Graphs

6.1 Graph
The class Graph is the structure which contains :
e the drawable elements (may be several drawables elements) : class Drawable

e the graphical context : the potential axes and labels, the bounding box, the global title, the global legend
and its position

Usage :

Graph(title, xTitle, yTitle, show Axes)
Graph(title, xTitle, yTitle, show Axes, legend Position)
Graph(title, xTitle, yTitle, show Axes, legend Position, legendFontSize,logScale)

Arguments :

title : a String, the title of the graph

xTitle : a String, the legend of the X axe

yT'itle : a String, the legend of the Y axe

showAzes : a boolean which indicates if the axes are drawn (yes = 1, no = 0)

legendPosition : a String which indicates the position of the legend. If legendPosition is not specified,
the Graph has no legend.

legendFontSize : an interger, the font size of the legend. If not specified, the default width wil be used.
logScale : a LogScale that indicates whether the logarithmic scale is used aither for one or both axes :

o GraphImplementation. NONE : no log scale is used,

o GraphImplementation. LOGX : log scale is used only for horizontal data,
o Graphlmplementation. LOGY : log scale is used only for vertical data,

o Graphlmplementation. LOGXY : log scale is used for both data.

Some methods :

add
Usage : add(aDrawable)
Arguments : aDrawable : a Drawable, a drawable element we want to add on the graph

Value : none, it adds the new graph on the first one, with its legend. It keeps the graphical context
of the first graph

addDrawables

Usage : addDrawable(aDrawableCollection)

Arguments : aDrawableCollection : a DrawableCollection, a collection of drawables we want to
add on the graph.

Value : none, it adds the drawable collection to the graph. It keeps the graphical context of the
first graph.
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draw
Usage :

draw(path, file, width, height)
draw(path, file, width, height, format)
draw(file, width, height)

draw( file, width, height, format)

draw(file)
Arguments :

path : a String which indicates the adress where the created file will be put. When not specified,
the files is created in the current repertory.

file : a String which indicates the name of the created file (without the suffixe). The files
created will be file.png and file.ps.

width, height : two real positive values, number of pixels fixing the width and the height of
the graph. When not specified, the couple (640,480) is taken into account.

format = GraphImplementation.EPS, GraphImplementation.PNG, GraphImplementation.F1G
or GraphImplementation.PDF. When not precised, by default, format = ALL.

Value : It generates the files file.png, file.eps, file.fig and file.pdf or only the format specified
in format.

getAxes
Usage : getAzes()
Arguments : none

Value : a boolean which indicates if the axes are drawn (yes = 1, no = 0)

get Bitmap
Usage : getBitmap()
Arguments : none
Value : a String, the adress of the file file.png created by the method draw

get BoundingBox
Usage : get BoundingBox()
Arguments : none

Value : a NumericalPoint of dimension 4, the bounding box of the drawable element, which is
a rectangle determined by its range along X and its range along Y. The BoundingBox is

(xmina Tmazxs Ymin, ymax)-

getDrawables

Usage : get Drawables()
Arguments : none
Value : a DrawableCollection, the collection of the Drawables included in the graph

getFileName
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Usage : getFileName()
Arguments : none
Value : a String, the name of the files containing the graph

getLegendFontSize
Usage : getLegendFontSize()

Arguments : none

Value : a positive real, the legend font size

getLegendPosition
Usage : getLegendPosition()

Arguments : none

Value : a String, the position of the legend.

getPath

Usage : getPath()
Arguments : none
Value : a String, the adress where the files file.png and file.ps are put

getPostscript

Usage : getPostscript()
Arguments : none
Value : a String, the adress of the file file.ps created by the method .draw/()

getT'itle
Usage : getTitle()

Arguments : none

Value : a String, the title of the graph

get X Title
Usage : getXTitle()

Arguments : none
Value : a String, the title of the X axe

getYTitle

Usage : getY Title()
Arguments : none
Value : a String, the title of the Y axe

set BoundingBox
Usage :

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 165

set Bounding Box(myBoundingBox)
set Bounding Box(mylInterval)
Arguments :

myBoundingBox : a BoundingBox, which is a Numericalpoint(4) composed by [Zmin, Tmaz, Ymins Ymaa
if we want to impose the x-range to [Tmin, Tmaz] and the y-range to [Ymin, Ymaz]-

mylnterval : a Interval, which is created as follows mylInterval(BottomLeftPoint, UpRight-
Point) where BottomLeftPoint is a NumericalPoint(2) representing the corner (Zmin, Ymin)
and UpRightPoint the corner (Zmaz, Ymaz)-

Value : none

The methods get Axes, get Drawables, get LegendPosition, getTitle, get X Title, getY T'itlehave their cor-
responding set M ethod.

Here is the list of legend positions accepted by Open TURNS : "bottomright", "bottom", "bottomleft", "left",
"topleft", "topright", "right", "center".
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6.2 Drawable

A Drawable is a drawable element described by :
e its data,
e their attributes : color, line stype, point style, fill style

e the specific legend of the drawable element.

Usage : Drawable(drawableImplementation)

Arguments : drawableImplementation : a Drawablelmplementation, the implementation of Drawable, which
is Curve, Cloud, BarPlot, Staircase, Pie or Contour

Some methods :

get BoundingBox
Usage : get BoundingBox()
Arguments : none

Value : a NumericalPoint of dimension 4, the bounding bow of the drawable element, which is
a rectangle determined by its range along X and its range along Y. The BoundingBox is

(ijina Tmaxs Ymin, ymaa;)-

getColor
Usage : getColor()
Arguments : none

Value : a String which describes the color of the lines within the drawable element. It can be
either the name of a color (e.g. "red") or an hexadecimal code corresponding to the RGB (Red,
Green, Blue) components of the color (e.g. #A1B2C3) or the RGBA (Red, Green, Blue, Alpha)
components of the color (e.g. #A1B2C3D4). The alpha channel is taken into account only by
the PDF and PNG formats, for the other format the color is fully transparent as soon as its
alpha channel is less than 255 (or 1.0).

getData
Usage : getData()

Arguments : none

Value : a NumericalSample, from which the Drawable is built

getFillStyle
Usage : getFillStyle()

Arguments : none

Value : a String which describes the fill style of the surfaces within the drawable element

getLabels

Usage : getLabels()
Arguments : none
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Value : a Description, the labels of both axes

getLegend N ame

Usage : getLegendName()
Arguments : none
Value : a String which is the legend of the drawable element

getLineStyle

Usage : getLineStyle()
Arguments : none
Value : a String which describes the style of the lines within the drawable element

getLineWidth
Usage : getLineWidth()

Arguments : none

Value : an interger, the width of the line included in the Drawable (if such the case)

getPointCode
Usage : getPointCode()

Arguments : none

Value : an integer which describes the style of the points within the drawable element

getPointStyle
Usage : getPointStyle()
Arguments : none
Value : a string which describes the style of the points within the drawable element

ConvertFromRGB

Usage : ConvertFromRGB(red, green, blue)

Arguments : red, green and blue are either three nonnegative integer (UnsignedLong) values or
three nonnegative real (NumericalScalar) values (which will be scaled and converted to integer
values). These values are the red, green and blue components of a color, a value of 0 (or 0.0)
meaning that the component is absent in the color, a value of 255 (or 1.0) meaning that the
component is fully saturated.

Value : a String giving the associated hexadecimal color code.

ConvertFromRGBA
Usage : ConvertFromRGBA(red, green, blue, alpha)
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Arguments : red, green, blue and alpha are either four nonnegative integer (UnsignedLong) values
or four nonnegative real (NumericalScalar) values (which will be scaled and converted to integer
values). These values are the red, green and blue components of a color, a value of 0 (or 0.0)
meaning that the component is absent in the color, a value of 255 (or 1.0) meaning that the
component is fully saturated. The parameter alpha gives the level of transparency of the color,
0 (or 0.0) meaning that the color is fully transparent and 255 (or 1.0) meaning that the color is
fully opaque. The alpha channel is only supported by a few devices, namely the PDF and PNG
formats, for the other format the color is fully transparent as soon as its alpha channel is less
than 255 (or 1.0).

Value : a String giving the associated hexadecimal color code.

GetValidColors
Usage : GetValidColors()

Arguments : none

Value : a Description which indicates the list of the valid colors of a Drawable

GetValidFillStyles
Usage : GetValidFillStyles()

Arguments : none

Value : a Description which indicates the list of the valid fill styles of a Drawable

GetValidLineStyles

Usage : GetValidLineStyles()
Arguments : none
Value : a Description which indicates the list of the valid line styles of a Drawable

GetValidPointStyles

Usage : GetValidPointStyles()
Arguments : none
Value : a Description which indicates the list of the valid point styles of a Drawable

All the methods getColor, getFillStyle, getLineStyle, getPointCode and getPointStyle have their corre-
sponding setMethod.

Here is the list of codes, styles and width accepted by Open TURNS :

e map matching keys with R codes for point symbols :
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Point Style | Point Code
square 0
circle 1
triangleup 2
plus 3
times 4
diamond )
triangledown 6
star 8
fsquare 15
fcircle 16
ftriangleup 17
fdiamond 18
bullet 20
dot 127

e authorized colors :

— All the codes of the form #RRGGBB or #RRGGBBAA, where R, G, B, A are hexadecimal digits
0,...,9,A or a,..., F or f). Examples: #03A21F, #3b2E43ff.

— All the names in the list: "green", "red", "blue", "yellow", "darkblue", "orange", "lightgreen",
"darkcyan", "cyan", "magenta", "darkgreen", "violet", "brown", "darkred", "pink", "ivory", "gold",
"darkgrey", "grey", "white", "aliceblue", "antiquewhite", "antiquewhitel", "antiquewhite2", "an-
tiquewhite3", "antiquewhite4", "aquamarine", "aquamarinel", "aquamarine2", "aquamarine3", "aqua-
marine4", "azure", "azurel", "azure2", "azure3", "azured", "beige", "bisque", "bisquel", "bisque2",
"bisque3", "bisque4", "black", "blanchedalmond", "bluel", "blue2", "blue3", "blue4", "bluevio-
let", "brownl", "brown2", "brown3", "brown4", "burlywood", "burlywood1", "burlywood2", "burly-
wood3", "burlywood4", "cadetblue", "cadetbluel", "cadetblue2", "cadetblue3", "cadetblue4", "chartreuse"
"chartreusel", "chartreuse2", "chartreuse3", "chartreuse4", "chocolate", "chocolatel", "chocolate2",
"chocolate3", "chocolate4", "coral", "corall", "coral2", "coral3", "coral4", "cornflowerblue", "corn-
silk", "cornsilk1", "cornsilk2", "cornsilk3", "cornsilk4", "cyanl", "cyan2", "cyan3", "cyan4", "dark-
goldenrod", "darkgoldenrod1", "darkgoldenrod2", "darkgoldenrod3", "darkgoldenrod4", "darkgray",
"darkkhaki", "darkmagenta", "darkolivegreen", "darkolivegreenl", "darkolivegreen2", "darkoliveg-
reend", "darkolivegreend", "darkorange", "darkorangel", "darkorange2", "darkorange3", "darkor-
ange4", "darkorchid", "darkorchid1", "darkorchid2", "darkorchid3", "darkorchid4", "darksalmon",
"darkseagreen", "darkseagreenl", "darkseagreen2", "darkseagreen3", "darkseagreend", "darkslate-
blue", "darkslategray", "darkslategrayl", "darkslategray2", "darkslategray3", "darkslategray4", "dark-
slategrey", "darkturquoise", "darkviolet", "deeppink", "deeppinkl", "deeppink2", "deeppink3", "deep-
pink4", "deepskyblue", "deepskybluel", "deepskyblue2", "deepskyblued", "deepskyblued", "dimgray",
"dimgrey", "dodgerblue", "dodgerbluel", "dodgerblue2", "dodgerblue3", "dodgerblue4", "firebrick",
"firebrickl", "firebrick2", "firebrick3", "firebrick4", "floralwhite", "forestgreen", "gainsboro", "ghost-
white", "gold1", "gold2", "gold3", "gold4", "goldenrod", "goldenrod1", "goldenrod2", "goldenrod3",
"goldenrod4", "gray", "grayQ", "grayl", "gray2", "gray3", "gray4", "gray5", "gray6", "gray7",
"oray8", "gray9", "grayl0", "grayll", "grayl2", "grayl3", "grayl4", "grayl5", "grayl6", "grayl7",
"grayl8", "gray19", "gray20", "gray21", "gray22", "gray23", "gray24", "gray25", "gray26", "gray27",
"oray28", "gray29", "gray30", "gray31", "gray32", "gray33", "gray34", "gray35", "gray36", "gray37",
"gray38", "gray39", "gray40", "gray41", "gray42", "gray43", "gray44", "gray45", "gray46", "gray47",
"oray48", "gray49", "gray50", "gray51", "gray52", "gray53", "gray54", "gray55", "gray56", "gray57",
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"oray58", "gray59", "gray60", "gray61", "gray62", "gray63", "gray64", "gray65", "gray66", "gray67",
"oray68", "gray69", "gray70", "gray71", "gray72", "gray73", "gray74", "gray75", "gray76", "gray77",
"oray78", "gray79", "gray80", "gray81", "gray82", "gray83", "gray84", "gray85", "gray86", "gray87",
"oray88", "gray89", "gray90", "gray9l", "gray92", "gray93", "gray94", "gray9s", "gray96", "gray97",
"gray98", "gray99", "grayl00", "greenl", "green2", "green3d", "greend", "greenyellow", "grey0",
"greyl", "grey2", ugrey?)n7 "grey4", ”grey5", "grey6", "grey7", "grey8", "grey9”, "grele", "greyll",
"grey12", "greyl3", "greyld", "grey15", "grey16", "greyl7", "grey18", "grey19", "grey20", "grey21",
"orey22", "grey23", "grey24", "grey25", "grey26", "grey27", "grey28", "grey29", "grey30", "grey31",
"grey32", "grey33", "grey34", "grey35", "grey36", "grey37", "grey38", "grey39", "grey40", "grey41",
"oreyd2", "grey43", "grey44", "grey45", "grey46", "greyd7", "grey48", "grey49", "grey50", "grey51",
"grey52", "grey53", "grey54", "grey55", "grey56", "grey57", "grey58", "grey59", "grey60", "grey61",
"orey62", "grey63", "grey64", "grey65", "grey66", "grey67", "grey68", "grey69", "grey70", "grey71",
"grey72", "grey73", "grey74", "grey75", "grey76", "grey77", "grey78", "grey79", "grey80", "grey81",
"orey82", "orey83", "grey84", "grey85", "grey86", "grey87", "grey88", "grey89", "grey90", "grey9l",
"orey92", "grey93", "grey94", "grey95", "grey96", "grey97", "grey98", "grey99", "grey100", "honey-
dew", "honeydewl", "honeydew2", "honeydew3", "honeydew4", "hotpink", "hotpinkl", "hotpink2",
"hotpink3", "hotpink4", "indianred", "indianred1", "indianred2", "indianred3", "indianred4", "ivory1",
"ivory2", "ivory3", "ivory4", "khaki", "khakil", "khaki2", "khaki3", "khaki4", "lavender", "laven-
derblush", "lavenderblush1", "lavenderblush2", "lavenderblush3", "lavenderblush4", "lawngreen",
"lemonchiffon", "lemonchiffon1", "lemonchiffon2", "lemonchiffon3", "lemonchiffon4", "lightblue",
"lightbluel", "lightblue2", "lightblue3", "lightblue4", "lightcoral", "lightcyan", "lightcyan1", "light-
cyan2", "lightcyan3", "lightcyand", "lightgoldenrod", "lightgoldenrodl1", "lightgoldenrod2", "light-
goldenrod3", "lightgoldenrod4", "lightgoldenrodyellow", "lightgray", "lightgrey", "lightpink", "light-
pink1" "lightpink2", "lightpink3", "lightpink4", "lightsalmon", "lightsalmonl", "lightsalmon2",
"lightsalmon3", "lightsalmon4", "lightseagreen", "lightskyblue", "lightskybluel", "lightskyblue2",
"lightskyblue3", "lightskyblue4", "lightslateblue", "lightslategray", "lightslategrey", "lightsteelblue",
"lightsteelbluel", "lightsteelblue2", "lightsteelblue3", "lightsteelblue4", "lightyellow", "lightyellow1",
"lightyellow2", "lightyellow3", "lightyellow4", "limegreen", "linen", "magental", "magenta2", "ma-
gentad", "magentad", "maroon", "maroonl", "maroon2", "maroon3", "maroon4", "mediumaqua-
marine", "mediumblue", "mediumorchid", "mediumorchidl", "mediumorchid2", "mediumorchid3",
med1umorch1d4" "medlumpurple” "mediumpurplel", "mediumpurple2", "mediumpurple3", "medi-
umpurpled", "medlumseagreen" "mediumslateblue", "mediumspringgreen", " " "medi-
umvioletred", "mldmghtblue" "mintcream", "mistyrose", "mistyrosel", "mistyrose2", "mistyrose3",
mlstyrose4", moccasin", "navajowhite", navaJowhltel", "navajowhite2", "navajowhite3", "nava-
jowhite4", "navy", "navyblue", "oldlace", "olivedrab", "olivedrabl", "olivedrab2", "olivedrab3",
"olivedrab4", "orangel", "orange2", "orange3", "orange4", "orangered", "orangered1", "orangered2",
"orangered3", "orangered4", "orchid", "orchid1", "orchid2", "orchid3", "orchid4", "palegoldenrod",
"palegreen", "palegreenl", "palegreen2" "palegreen?)" "palegreen4" "paleturquome” "paleturquoisel",
"paleturquoise2", "paleturquoise3", "paleturquoise4", "palevioletred", "palevioletredl", "paleviole-
tred2", "palevioletred3", "palevioletred4", "papayawhip", "peachpuff", "peachpuffl", "peachpuff2",
peachpuff3” "peachpuff4", "peru", "pink1", "pink2", "pink3", "pink4", "plum", "plum1", "plum2",
"plum3", "plum4", "powderblue", "purple", "purplel", "purple2", "purple3", "purple4", "red1l",
"red2", "red3", "red4", "rosybrown", "rosybrownl", "rosybrown2", "rosybrown3", "rosybrown4",
royalblue" "royalbluel" "royalblue2", "royalblue3", "royalblue4", "saddlebrown", "salmon", "salmonl",
"salmon2", "salmond", "salmon4", "sandybrown", "seagreen", "seagreenl", "Seagreen2”, "seagreen3",
seagreen4", 'seashell", ' seashelll", 'seashell2", "seashell3", "seashell4", "sienna", "siennal", "si-
enna2", "sienna3d", "sienna4", "skyblue", "skybluel", "skyblue2", "skyblued", "skyblue4", "slate-
blue", "slatebluel” "slateblueZ” "slateblue3", "slateblued", "slategray", "slategrayl", "slategray2",

mediumturquoise",
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"slategray3", "slategray4", "slategrey", "snow", "snowl", "snow2", "snow3", "snow4", "spring-
green", "springgreenl", "springgreen2", "springgreen3", "springgreend", "steelblue", "steelbluel",
"steelblue2", "steelblue3", "steelblue4", "tan", "tanl", "tan2", "tan3", "tan4", "thistle", "this-
tlel", "thistle2", "thistle3", "thistle4", "tomato", "tomatol", "tomato2", "tomato3", "tomato4",
"turquoise", "turquoisel", "turquoise2", "turquoise3", "turquoise4", "violetred", "violetred1", "vio-
letred2", "violetred3", "violetred4", "wheat", "wheat1", "wheat2", "wheat3", "wheat4", "whitesmoke",
"yellowl", "yellow2", "yellow3", "yellow4", "yellowgreen"

e authorized line styles : "blank", "solid", "dashed", "dotted", "dotdash", "longdash", "twodash"
e authorized fill styles : "solid", "shaded"
The default values are the following ones :
e Color ="blue”
o SurfaceColor =" white”
o FillStyle =7 solid”
e PointStyle = " plus”
o LineWidth =1
o LineStyle =7 solid”

e Pattern ="5"
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6.3 BarPlot

It inherits from the methods of the Drawable class.

Usage :

BarPlot(data, origin, legend)

BarPlot(data, origin, color, fillStyle, lineStyle, legend)

BarPlot(data, origin, color, fillStyle, lineWidth, lineStyle, legend)

Arguments :

data : a NumericalSample, the data from which the BarPlot is built, must be of dimension 2 : the
discontinuous points and their corresponding height

origin : a real value which is where the BarPlot begins

legend : a String, the legend

color : a String, the color of the curve . If not specified, by default equal to "blue"

lineStyle : a String, the style of the curve. If not specified, by default equal to "solid"

lineWidth : an integer, the width of the curve. If not specified, by default equal to 1

fillStyle : a String, the fill style of the surfaces. If not specified, by default equal to "solid"

Some methods :

getData

Usage : getDatal()
Arguments : none

Value : a NumericalSample, of dimension 2, giving the discontinuous points and their corresponding
height

getOrigin
Usage : getOrigin()
Arguments : none
Value : a real value which is where the BarPlot begins

i1sCon formData
Usage : isConformData(data)
Arguments : data : a NumericalSample

Value : a boolean which indicates if the type of data is conform to the type of the drawable (here
a BarPlot) : a NumericalSample, of dimension 2

All the methods getColor, getLegend N ame, getOrigin, getF'illStyle and getLineStyle have their corre-
sponding setMethod.
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6.4 Cloud

It inherits from the methods of the Drawable class.

Usage :

Cloud(data,legend)
Cloud(data, color, pointStyle, legend)
Cloud(dataComplex)

Arguments :

data : a NumericalSample, the points from which the cloud is built, must be of dimension 2
legend : a String, the legend

color : a String, the color of the curve . If not specified, by default equal to "blue"
pointStyle : a String, the style of the points. If not specified, by default equal to "plus"

dataComplex : a Numerical ComplexCollection, collection of complex points
Some methods :

1sCon formData

Usage : isConformData(data)
Arguments : data : a NumericalSample

Value : a boolean which indicates if the type of data is conform to the type of the drawable : a
NumericalSample of dimension 2

getData

Usage : getData()
Arguments : none
Value : a NumericalSample of dimension 2, the data from which the cloud is built

All the methods getColor, getLegendName, get PointCode and get PointStyle have their corresponding
setMethod.
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6.5 Contour

It inherits from the methods of the Drawable class.

Usage :

Contour(dimX, dimY, data)
Contour(dimX, dimY, data,legend)

Contour(sampleX, sampleY, sampleV alues, levels, labels)

Arguments :

dimX : an integer,
dimY : an integer,
data : a NumericalSample, of dimension 1 and of size dimX xdimY . These values are those of a function

f :R? — R on each point of the grid with dimX points along the X —direction and dimX points
along the Y —direction. The (X,Y’)-values are stocked by lign.

legend : a string which gives the legend.

levels : a NumericalPoint, the levels where the contour will be drawn. If 2 points of the grid have values
bracheting the level, a linear interpolation is made in order to find the point associated to the level
considered.

labels : a Description, the labels of each curve associated to one level. By default, the labels are the
values of the levels.

Some methods :

buildDe fault Levels

Usage : buildDe faultLevels(n)

Arguments : n : an integer, the number of levels. If not specified, the default value is taken in the
RessourceMap and equal to n = 10.

Value : it builds n level values and the associated labels which are the level values. The level values

are the empirical quantiles of the data to be sliced at orders g regularly distributed over ]0,1] :

k41
t 3 for0<k<n-1.

dk =
n
setLevels
Usage : setLevels(levels)
Arguments : [evels : a NumericalPoint, the different levels where the iso-curves wil be drawn

Value : none

setDrawLabels

Usage : setDrawLabels(bool)

Arguments : bool : a Boolean, True if the labels of the iso-curves must be explicited, False
otherwise.

Value : none
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setLabels

Usage : setDrawLabels(labels)
Arguments : labels : a Description, the list of the labels
Value : none

All the methods set Method have their corresponding get M ethod.
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6.6 Curve

It inherits from the methods of the Drawable class.

Usage :

Curve(data,legend)
Curve(data, color, lineStyle, lineWidth, legend, show Points)

Arguments :

data : a NumericalSample, the points from which the curve is built, must be of dimension 2
legend : a String, the legend

color : a String, the color of the curve

lineStyle : a String, the style of the curve

lineWidth : an integer, the line width of the curve

showPoints : a boolean which indicates whether the points that define the curve are drawn or not.
Some methods :

1sCon formData

Usage : isConformData(data)
Arguments : data : a NumericalSample

Value : a boolean which indicates if the type of data is conform to the type of the drawable (here
a Curve) : a NumericalSample of dimension 2

getData

Usage : getData()
Arguments : none
Value : a NumericalSample of dimension 2, the data from which the curve is built

getLineWidth
Usage : getLineWidth()
Arguments : none
Value : an integer, the line width of the curve

All the methods getColor, getLegendName, getLineStyle and getLineWidth have their corresponding
setMethod.
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6.7 Staircase

It inherits from the methods of the Drawable class.

Usage :

StairCase(data, legend)
StairCase(data, color, lineStyle, pattern, legend)
StairCase(data, color, lineStyle, lineW'idth, pattern, legend)

Arguments :

data : a NumericalSample, the points from which the Staircase is built, must be of dimension 2 : the
discontinuous points and their corresponding height

legend : a String, the legend

color : a String, the color of the curve If not specified, by default equal to "blue"
lineStyle : a String, the style of the curve. If not specified, by default equal to "solid"
lineWidth : an integer, the width of the curve. If not specified, by default equal to 1

nat

pattern : a String, the pattern of the staircase which is "S" or "s". If not specified, by default equal to
"s". Going from (z1,y1) to (x2,y2) with 21 < x2, pattern ="s" moves first horizontal then vertical,
whereas pattern ="S" moves the other way around.

Some methods :

getData
Usage : getDatal()
Arguments : none

Value : a NumericalSample, of dimension 2, giving the discontinuous points and their corresponding
height

1sCon formData

Usage : isConformData(data)
Arguments : data : a NumericalSample

Value : a boolean which indicates if the type of data is conform to the type of the drawable (here
a Staircase) : a NumericalSampl of dimension 2, giving the discontinuous points and their
corresponding height

getPattern
Usage : getPattern()

Arguments : none

Value : a String, the pattern of the staircase.

All the methods getColor, getLegendName, getLineStyle and getPattern have their corresponding
setMethod.
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6.8 Pie

It inherits from the methods of the Drawable class.

Usage :
Pie(data)

Pie(data, labels, center, radius, palette)

Arguments :

data : a NumericalSample, of dimension 1, giving the percentiles of the pie

labels : a StringCollection, the names of each group. If not specified, by default equal to the descrition
of the probabilistic input vector

center : a NumericalPoint, the center of the pie inside the bounding box. If not specified, by default
equal to (0,0)
radius : a real positive value, the radius of the pie. If not specified, by default equal to 1

palette : a StringCollection, the names of the colors. If not specified, colors are successively taken from
the list given below, in the same order

Some methods :

getCenter
Usage : getCenter()

Arguments : none

Value : a NumericalPoint, the center of the pie inside the bounding box

getData

Usage : getData()
Arguments : none
Value : a NumericalSample of dimension 1, giving the percentiles of the pie

getLabels

Usage : getLabels()
Arguments : none
Value : a StringCollection, the names of each group

getPalette
Usage : getPalette()

Arguments : none

Value : a StringCollection, the names of the colors used for the pie

get Radius

Usage : getRadius()
Arguments : none
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Value : a real positive value, the radius of the pie

1sConformData

Usage : isConformData(data)
Arguments : data : a NumericalSample

Value : a boolean which indicates if the type of data is conform to the type of the drawable (here
a Pie) : a NumericalSample of dimension 1

getPattern
Usage : getPattern()

Arguments : none
Value :

All the methods getColor, getLegendName, getLineStyle and getPattern have their corresponding
setMethod.

6.9 Show
The command Show enables to visualise a Graph within the TUI without creating the files .EPS, .PNG or .FIG.

Usage : Show(graph)
Arguments : graph : a Graph
Value : It shows the graph within the TUI whithout saving it in any file.

Details : For example, Show(myDistribution.drawPDF()) where myDistribution is a Distribution.
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7 Optimization

7.1 Minimization of the distance under an equality constraint
7.1.1 NearestPointAlgorithm

Usage :

Nearest Point Algorithm(level Function)

Nearest Point Algorithm(nearest Point AlgorithmImplementation)

Arguments :
level Function : a NumericalMathFunction, the constraint function of the constrained optimization
problem.

nearest Point AlgorithmImplementation : a NearestPointAlgorithmImplementation, the implementa-
tion of the nearest point algorithm, which is Cobyla , AbdoRackwitz or SQP.

Details : a NearestPointAlgorithm, which resolves the optimization problem :

min ||
f(u)=0

where f is the level Function.

in the first usage, the optimization algorithm is the Cobyla one with its default specific parameters.

in the second usage, the optimization algorithm is specified by the nearest Point AlgorithmImplementation.

Some methods :

getLevel Function

Usage : getLevel Function()
Arguments : none

Value : a NumericalMathFunction, the constraint function of the constrained optimization problem

getLevelValue

Usage : getLevel Function()

Arguments : none

Value : a real value, the level value of the constraint function in the constrained optimization
problem

get M aximumAbsolute Error

Usage : get M aximumAbsolute Error()
Arguments : none

Value : a positive real value, the maximum absolute error : maximum distance between two suc-
cessive iterates

get MaximumConstraintError

Usage : getMazimumConstraintError()
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Arguments : none

Value : a positive real value, the maximum absolute value of the constraint function minus the level
value

getMaximumlterations Number

Usage : getMazximumlIterationsNumber()
Arguments : none

Value : an integer, the maximum number of iterations of the algorithm

get M aximumRelative Error

Usage : geMazimumtRelative Error()
Arguments : none

Value : a real value, the maximum relative distance between two successive iterates (with regards
the second iterate)

getM aximumResidual Error

Usage : getMazimumResidual Error()
Arguments : none

Value : a real value, the maximum orthogonality error (lack of orthogonality between the vector
Center - Iterate and the constraint surface)

get Result
Usage : getResult()
Arguments : none

Value : a NearestPointAlgorithmImplementationResult, the structure containing all the results of
the constrained optimization problem

getStarting Point
Usage : getStartingPoint()
Arguments : none
Value : a NumericalPoint, the starting point of the constrained optimization research

run
Usage : run()
Arguments : none
Value : none

Role : it creates a NearestPointAlgorithmImplementationResult, the optimization result which is
accessible with the method getResult().

Each getMethod is associated to a setMethod.
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7.1.2 Cobyla
This class inherits from the NearestPoint AlgorithmImplementation class.
Usage :

Cobyla()

Cobyla(speci ficParameters, level Function)

Arguments :

speci ficParameters : a CobylaSpecificParameters, the list of the parameters specific to the Cobyla
algorithm
level Function : a NumericalMathFunction, the constraint function of the constrained optimization

problem

Details : When no argument is specified, the parameters will have to be fulfilled after, for example, when used
in a FORM algorithm (see the corresponding Use Case).

Some methods :

getSpeci ficParameters

Usage : getSpecificParameters()
Arguments : none
Value : a CobylaSpecificParameters, the list of the parameters specific to the Cobyla algorithm

This getMethod is associated to a setMethod.
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7.1.3 CobylaSpecificParameters
Usage :

CobylaSpeci ficParameters()
CobylaSpecificParameters(rhoBeg)

Arguments : rhoBeg : a real positive strictly value, a reasonable initial step to the variables.

Values :

in the first usage, the default values are considered for each parameter : rhoBeg = 0.1.

in the second usage, the parameter rhoBeg is specified.
Some methods :

getRhoBeg

Usage : getRhoBeg()
Arguments : none
Value : a real value >0, a reasonable initial step to the variables

This get Method is associated to a setMethod.
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7.1.4 AbdoRackwitz

This class inherits from the NearestPoint AlgorithmImplementation class.

Usage :
AbdoRackwitz()

AbdoRackwitz(speci ficParameters, level Function)

Arguments :

speci ficParameters : a AbdoRackwitzSpecificParameters, the list of the parameters specific to the
AbdoRackwitz algorithm

level Function : a NumericalMathFunction, the constraint function of the constrained optimization
problem

Details : When no argument is specified, the parameters will have to be fulfilled after, for example, when used
in a FORM algorithm (see the corresponding Use Case).

The AbdoRackwitz algorithm is a gradient-based constrained optimization method, thus the Numerical-
MathFunction has to provide its gradient:

e [f the function is a meta-model generated by OpenTURNS, the analytical gradient is automatically
provided.

e [fit is an analytical function, OpenTURNS provides a gradient based on the centered finite difference
method, that the user can change to better fit ots will by another GradientImplementation (e.g.
constructed by another finite difference method).

e If the function is loaded thanks to a wrapper and if the wrapper provide an implementation of the
gradient, OpenTURNS uses it. If there is no gradient provided, OpenTURNS provides a gradient
based on centered finite difference method, but with a parameterization different from the case of
analytical functions (assuming a lower precision for the function evaluation than in the analytical
case).

Be aware of the potential pitfalls associated with the use of finite differences and check the value of the
finite difference epsilon for each dimension if AbdoRackwitz algorithm fails to converge.

Some methods :

getSpeci ficParameters

Usage : getSpecificParameters()
Arguments : none

Value : a AbdoRackwitzSpecificParameters, list of the parameters specific to the AbdoRackwitz
algorithm

This getMethod is associated to a setMethod.
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7.1.5 AbdoRackwitzSpecificParameters
Usage :

AbdoRackwitzSpeci ficParameters()
AbdoRackwitzSpeci ficParameters(Tau, Omega, Smooth)

Arguments :

Tau : a real positive value, the multiplicative decrease of the linear step. It must be < 1.
Omega : a real strictly positive value, the Armijo factor. It must be < 1 and should be rather small.
Smooth : a real value > 1, the increasing rate of the penalisation coefficient for the line search. It must

be > 1 and should be rather near 1.

Values :

in the first usage, the default values are considered for each parameter : Tau = 0.5, Omega = 1074,
Smooth = 1.2.

in the second usage, all the parameters are specified.
Some methods :

getOmega
Usage : getOmega()
Arguments : none
Value : a real value between 0 and 1, the Armijo factor

getSmooth

Usage : getSmooth()
Arguments : none
Value : a real value > 1, the increasing rate of the penalisation coefficient for the line search

getTau
Usage : getTau()

Arguments : none
Value : a real value between 0 and 1, the multiplicative decrease of the linear step

This getMethod is associated to a setMethod.
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7.1.6 SQP

This class inherits from the NearestPoint AlgorithmImplementation class.
Usage : SQP(specificParameters,level Function)

Arguments :

speci ficParameters : a SQPSpecificParameters, list of the parameters specific to the SQP algorithm

level Function : a NumericalMathFunction, the constraint function of the constrained optimization
problem

Some methods :

getSpeci ficParameters

Usage : getSpecificParameters()
Arguments : none
Value : a SQPSpecificParameters, list of the parameters specific to the SQP algorithm

This getMethod is associated to a setMethod.

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 187

7.1.7 SQPSpecificParameters
Usage :

SQPSpecificParameters()
SQPSpecificParameters(Omega, Smooth, Tau)

Arguments :

Omega : a real value, the Armijo factor, must be > 0 and <1 but rather small.

Smooth : a real value, the increasing rate of the penalisation coefficient for the line search, must be >1
but rather near 1.

Tau : a real value, the multiplicative decrease of the linear step, must be > 0 and <1.

Values :

in the first usage, the default values are considered for each parameter : Omega = 10~%, Smooth = 1.2,
Tau = 0.5.

in the second usage, all the parameters are specified.
Some methods :

getOmega
Usage : getOmega()
Arguments : none
Value : a real value between 0 and 1, Armijo factor

getSmooth

Usage : getSmooth()
Arguments : none
Value : a real value > 1, the increasing rate of the penalisation coefficient for the line search

getTau
Usage : getTau()

Arguments : none
Value : a real value between 0 and 1, multiplicative decrease of the linear step

These getMethod are associated to setMethod.
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7.1.8 NearestPoint AlgorithmImplementationResult

Usage : structure created by the method run() of a NearestPointAlgorithm and obtained thanks to the method
getResult()

Some methods :

get Absolute Error
Usage : get Absolute Error()
Arguments : none

Value : a NumericalScalar, the absolute error : the distance between the two last successive iterates
when the algorithm stops

getConstraint Error

Usage : getConstraintError()
Arguments : none

Value : a real value, the absolute value of the constraint function minus the level value at the last
iterate point when the algorithm stops

getlterations Number

Usage : getIterationsNumber()
Arguments : none
Value : an integer, the number of performed iterations of the algorithm when the algorithm stops

getMinimizer
Usage : getMinimizer()
Arguments : none

Value : a NumericalPoint, the last iterate when the algorithm stops (the solution of the optimization
problem)

getRelative Error

Usage : getRelativeError()
Arguments : none

Value : a real value, the relative distance between the two last successive iterates (with regards the
last iterate)

get Residual Error
Usage : getResidual Error()
Arguments : none

Value : a real value, the orthogonality error of the solution point (lack of orthogonality between the
vector Center - Last Iterate and the constraint surface)
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7.2 Optimization of a function under an inequality constraint
7.2.1 BoundConstrainedAlgorithm
Usage :

BoundConstrainedAlgorithm(obj Fct, boundCons, startingPt, ...

...BndConst AlgoImp.MINIMIZATION)

BoundConstrainedAlgorithm(obj Fct, boundCons, startingPt, ...
...BndConst AlgoImp. MAXIMIZATION)

BoundConstrainedAlgorithm(BndConst AlgoImp)

Arguments :

objFct : a NumericalMathFunction, the function to minimize or maximize (objective function).
startingPt : a Interval, the intervall [a,b] € R".
startingPt : a NumericalPoint, the initial point of the optimization algorithm.

BndConstAlgoImp. MINIMIZATION : the code which specifies that it is a minimization optimiza-
tion. It is possible to write O instead of it.

BndConstAlgolmp. MAXIMIZATION : the code which specifies that it is a maximization optimiza-
tion. It is possible to write 1 instead of it.

boundConstrainAlgorithmImplementation : a BoundConstrainAlgorithmImplementation, the imple-
mentation of the bound constrain algorithm, which is TINC.

Value : a BoundConstrainedAlgorithm, which resolves the optimization problems :

Join f(w)

or

where f is the objective function and [a,b] € R".
In the first and second usages, the optimization algorithm is the TNC one with its default specific
parameters.
In the third usage, the optimization problem is entirely specified by the implementation of the bound

constrain algorithm.

Some methods :

getBoundConstraints

Usage : get BoundConstraints()
Arguments : none

Value : a Interval, the interval [a,b] € R" where the optimization is performed.

get M aximumAbsolute Error

Usage : getMazimumAbsoluteError()
Arguments : none
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Value : a positive real value, precision goal for the value of x in the stopping criterion (after applying
x scaling factors). If negative 0.0, that parameter is set to v/machine — precision.

get M azimumConstraint Error
Usage : getMazimumConstraintError()
Arguments : none

Value : a positive real value, the precision goal for the value of the projected gradient in the stop-
ping criterion (after applying x scaling factors) : if negative, that parameter is set to le-2 *
sqrt(accuracy). Setting it to 0.0 is not recommended.

getM aximumEvaluations Number
Usage : get M aximumEvaluationsNumber()
Arguments : none
Value : an integer, the maximum number of evaluations of the objective function.

getMaximumObjective Error
Usage : get M aximumObjective Error()
Arguments : none

Value : a positive real value, the precision goal for the value of the objevive function in the stoping
criterion. If negative, that parameter is set to accuracy.

getObjective Function
Usage : getObjective Function()
Arguments : none
Value : a NumericalMathFunction, the objective function.

getResult
Usage : getResult()
Arguments : none

Value : a BoundConstrainedAlgorithmImplementationResult, the structure containing all the re-
sults of the constrained optimization problem

getStarting Point
Usage : getStartingPoint()
Arguments : none
Value : a NumericalPoint, the starting point of the constrained optimization research.

run
Usage : run()
Arguments : none
Value : none

Role : it creates a BoundConstrained AlgorithmImplementationResult, the optimization result which
is accessible with the method getResult().

These getMethod are associated to setMethod.
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7.2.2 TNC (Truncated Newton Constrained)

This class inherits from the BoundConstrained AlgorithmImplementation class.

The TNC algorithm minimizes or maximizes an objective function f with variables x subjected to bounds
[a,b] € R" , using gradient information.

Usage :

TNC(specParam,objFct,boundCons, startPt, TNC.MINIMIZATION)
TNC (specParam,objFct, boundCons, startPt, TNC.MAXIMIZATION)

Arguments :

specParam : a TNCSpecificParameters, the list of the parameters specific to the TNC algorithm
objFct : a NumericalMathFunction, the constraint function of the constrained problem
boundCons : a Interval, the interval [a, b] € R" where the optimization is performed.
startingPoint : a NumericalPoint, the starting point of the constrained optimization research.

TNCMINIMIZATION, TNC.MAXIMIZATION : the code which specifies whether it is a mini-
mization or a maximization optimization. It is possible to write 0 instead of TNC.MINIMIZATION
and 1 instead of TNC.MAXIMIZATION.

Some methods :

getSpeci ficParameters

Usage : getSpecificParameters()
Arguments : none

Value : a TNCSpecificParameters, the list of the parameters specific to the TNC algorithm

This getMethod is associated to a setMethod.
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7.2.3 TNCSpecificParameters

The TNC algorithm resolves : minze[ a,b] R f(z) and proceeds as follows under the proper regularity of the
objective function f : S

{ Vf(z)=0

Vs f(x) is definite positive
The Taylor development of second order of f around z; leads to the determination of the iterate z; ,, such as :

4y = L1 — Lk
{VQf($k)Ak = _ﬁ(ik) (2)

The equation (2) is truncated : the iterative research of A, is stopped as soon as A, verifies :
V2 f(z)Ax + VI (zp)]] <l VS ()]
At last, the iteration k 4 1 is defined by :
Tpp1 = Ty, + oy,
where «; is the parameter stepmaz.

Usage :

TNCSpecificParameters()

TNCSpecificParameters(scale, of fset, maxCGit, eta, stepmz, ...
...accuracy, fmin, rescale)

Arguments :
scale : a real value, the scaling factors to apply to each variable : if NULL, the factors are up-low for

interval bounded variables and 1+ |x| for the others.

of fset : areal value, the constant to substract to each variable. If NULL, the constant are (up+low)/2
for interval bounded variables and x for the others.

maxCGit : an integer, the max. number of hessian*vector evaluation per main iteration. If maxCGit
== 0, the direction chosen is -gradient. If maxCGit < 0, maxCGit is set to max(1,min(50,n/2)).

eta : a positive real value, the severity of the line search. If < 0 or > 1, set to 0.25.

stepmz : a real value, the maximum step for the line search. may be increased during call. If too small,
will be set to 10.0.

accuracy : a real value, the relative precision for finite difference calculations. If < machine — precision,
set to v/machine — precision.

fmin : a real value, the minimum function value estimate

rescale : areal value, the objective function scaling factor (in log10) used to trigger the objective function
value rescaling : if 0, rescale at each iteration; if a big value, never rescale; if < 0, rescale is set to
1.3.

Value :

in the first usage, the default values are considered for each parameter : MaxCGit = 50, Eta = 0.25,
Stepmax = 10.0, Accuracy = 1.0e — 4, Fmin = 1.0, Rescale = 1.3.
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in the second usage, all the parameters are specified.
Some methods :

getAccuracy

Usage : getAccuracy()
Arguments : none
Value : a real value, the accuracy parameter.

getEta

Usage : getFEta()
Arguments : none
Value : a positive real value, the eta parameter.

getFmin
Usage : getFmin()
Arguments : none
Value : a real value, the fmin parameter.

getMaxCGit
Usage : getMaxCGit()
Arguments : none
Value : an integer, the maxCGit parameter.

getOf fset
Usage : getOf fset()
Arguments : none
Value : a real value, the of fset parameter.

getRescale

Usage : getRescale()
Arguments : none

Value : a real value, the rescale parameter.

getScale

Usage : getScale()
Arguments : none
Value : a real value, the scale parameter.

getStepmzx
Usage : getStepmz()
Arguments : none
Value : a real value, the stepmx parameter.

These getMethod are associated to setMethod.
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7.2.4 BoundConstrainedAlgorithmImplementationResult

Usage : structure created by the method run() of a BoundConstrainedAlgorithm and obtained thanks to the
method get Result()

Some methods :

get Absolute Error
Usage : get Absolute Error()
Arguments : none

Value : a positive real value, precision obtained for the value of x in the stopping criterion (after
applying x scaling factors). Care : if the algorithm is TNC, there is no information on that
parameter : the Maximum absolute error is returned.

getConstraint Error

Usage : getConstraintError()
Arguments : none

Value : a positive real value, the precision obtained for the value of the projected gradient in the
stopping criterion (after applying x scaling factors). Care : if the algorithm is TNC, there is no
information on that parameter : the maximum constraint error is returned.

get Evaluations Number

Usage : get EvaluationsNumber ()
Arguments : none
Value : an integer, the number of evaluations of the objective function.

getObjective Error
Usage : getObjective Error()
Arguments : none

Value : a positive real value, the precision obtained for the value of the objevive function in the
stoping criterion. Care : if the algorithm is TNC, there is no information on that parameter :
the maximum objective error is returned.

getOptimalV alue
Usage : getOptimalV alue()

Arguments : none

Value : a real, the objective function value at the optimizer point.

getOptimmizer
Usage : getOptimmizer()
Arguments : none
Value : a NumericalPoint, solution of the constrained optimization problem.
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8 Polynomials
8.1 UniVariatePolynomial
Usage : UniVariate Polynomial(coef ficients)

Arguments : coef ficients : a NumericalPoint, the list of the coefficients of each term x* (no sparse repesen-
tation)

Value : a UniVariatePolynomial

Some methods :

*
Usage :
Poll x Pol2
lambda * Poll
Arguments :
(Poll, Pol2) : two UniVariatePolynomial,
lambda : a NumericalScalar
Value :
usage 1 : a UniVariatePolynomial, the result of the multiplication Poll % Pol2
usage 2 : a UniVariatePolynomial, the result of the multiplication lambda * Poll
+
Usage : Poll + Pol2
Arguments : (Poll, Pol2) : two UniVariatePolynomial
Value : a UniVariatePolynomial, the result of the addition Poll + Pol2
Usage : Poll — Pol2
Arguments : (Poll, Pol2) : two UniVariatePolynomial
Value : a UniVariatePolynomial, the result of the substraction Poll — Pol2
derivate
Usage : derivate()
Arguments : none
Value : a UniVariatePolynomial, the derivated univariate polynomials
derivative
Usage : derivative(point)
Arguments : point : a NumericalScalar
Value : a NumericalScalar, the value of the derivated polynomials at point point
draw
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Usage : draw(min, max, point Number)
Arguments :
min, max : a NumericalScalar
point Number : an integer, the number of points used for the grah
Value : a Graph, the polynomials curve on the range [min, max].
getCoef ficients
Usage : getCoef ficients()
Arguments : none

Value : a Coefficients, the coefficients of each 2 for k < to the degree of the univariate polynomials
(no sparse repesentation)

getDegree
Usage : getDegree()
Arguments : none

Value : an integer, the degree of the univariate polynomials

getRoots
Usage : getRoots()
Arguments : none

Value : a Numerical ComplexCollection, the collection of complex roots of the univariate polynomi-
als

incrementDegree

Usage : incrementDegree(deg)
Arguments : deg : an integer
Value : a UniVariatePolynomial obtained by multiplying the polynomial by z%9
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8.2 PolynomialCollection
Usage : PolynomialCollection(size, univariate Pol)
Arguments :

size : an integer

untvariate Pol : a UniVariatePolynomial
Value : a PolynomialCollection, which contains size polynomials each equal to univariatePol
Some methods :
add

Usage : add(univariatePol)
Arguments : univariatePol : a UniVariatePolynomial,

Value : a PolynomialCollection which size has been increased of 1 and to which the polynomials univariate Pol
has been added

at

Usage : at(i)

Arguments : 7 : an integer

Value : a UniVariatePolynomial, the polynomials at position ¢ in the collection
restze

Usage : resize(newSize)
Arguments : 7 : an integer

Value : a PolynomialCollection which size has been modified into newSize as follows : if inewSize <
getSize() then, the collection is truncated to the first newSize polynomials. Otherwise, the collection
is increased until the size newSize : the added polynomials are the nul ones.
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8.3 ProductPolynomialEvaluationImplementation

Usage : ProductPolynomial EvaluationImplementation(polCollection)
Arguments : polCollection : a PolynomialCollection, a collection of UniVariatePolynomial

Value : a ProductPolynomialEvaluationlmplementation, the product of the polynomials of polCollection. The
result polynomials is of input dimension n where n is the number of polynomials in polCollection.

Some methods :
Operator()

Usage : Operator(point)

Arguments : point : a NumericalPoint, which dimension is n where n is the number of polynomials in
polCollection

Value : a NumericalPoint of dimension 1,

Usage : Poll + Pol2
Arguments : (Poll, Pol2) : two UniVariatePolynomial
Value : a UniVariatePolynomial, the result of the addition Poll + Pol2

Details : The exact gradient and hessian evaluations have been implemented for the products of polynomials.
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9 Response Surface : Parametric Approximation

9.1 Taylor approximation

9.1.1

Usage :

LinearTaylor

LinearTaylor(center, function)

Arguments :

Value :

Some

center : a NumericalPoint, the point where the Taylor expansion of the function function is performed

function : a NumericalMathFunction, the function to be approximated.
a LinearTaylor
methods :

getInput Function

Usage : getInputFunction
Arguments : none
Value : a NumericalMathFunction, the function function

getName
Usage : getName()

Arguments : none

Value : a string, the name of the LinearTaylor

getCenter
Usage : getCenter()

Arguments : none

Value : a NumericalPoint, around which the approximation has been made : center

run

Usage : run()
Arguments : none

Value : it performs the linear Taylor expansion around center (while this method has not been
executed, only getInputFunction, get Name and setName methods can be used)

getConstant
Usage : getConstant()

Arguments : none

Value : a NumericalPoint, the constant vector of the approximation, equal to function(center)

getLinear

Usage : getLinear()
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Arguments : none

Value : a Matrix, the gradient of the function function at the point center (the transposition of
the jacobian matrix)

get ResponseSur face

Usage : getResponseSur face()
Arguments : none

Value : a NumericalMathFunction, an approximation of the function function by a linear Taylor
expansion at the center

Links : see docref SurfRep Taylor

The methods getInputFunction, get Name, getCenter have their associated setM ethod.

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 201
9.1.2 QuadraticTaylor
Usage : QuadraticTaylor(center, function)
Arguments :
center : a NumericalPoint, the point where the quadratic Taylor expansion of the function function is
performed
function : a NumericalMathFunction, the function to be approximated : the gradient and hessian of
the NumericalMathFunction must be defined.
Value : a QuadraticTaylor
Some methods :
getInput Function

Usage : getInputFunction
Arguments : none
Value : a NumericalMathFunction, the function function

getName

Usage : getName()
Arguments : none
Value : a string, the name of the QuadraticTaylor

getCenter

Usage : getCenter()
Arguments : none

Value : a NumericalPoint, around which the approximation has been made : center

run

Usage : run()
Arguments : none

Value : it performs the Quadratic Taylor expansion around center (while this method has not been
executed, only getInput Function, get Name and setName methods can be used)

getConstant

Usage : getConstant()
Arguments : none

Value : a NumericalPoint, the constant vector of the approximation, equal to function(center)

getLinear

Usage : getLinear()
Arguments : none
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Value : a Matrix, the gradient of the function function at the point center (the transposition of
the jacobian matrix)

getQuadratic
Usage : getQuadratic()

Arguments : none

Value : a SymmetricTensor which contains the 0.5 * transposition of the hessian values of function
at center

get ResponseSur face

Usage : getResponseSur face()
Arguments : none

Value : a NumericalMathFunction, an approximation of the function function by a Quadratic
Taylor expansion at center

Links : see docref SurfRep Taylor
The methods getInput Function, get Name, getCenter have their associated set M ethod.
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9.2 Least squares approximation
9.2.1 LinearLeastSquares
Usage :

Linear LeastSquares(dataln, function)

Linear LeastSquares(dataln, dataOut)

Arguments :

dataln : a NumericalSample, the input variables
function : a NumericalMathFunction, the function to be approximated

dataOut : a NumericalSample, the output variables
Value : a LinearLeastSquares, the linear least squares approximation between :

the two samples dataln and dataOut in the case of the second usage

the two samples dataln and function(dataln) in the case of the first usage
Some methods :

getInput Function

Usage : getInput Function()
Arguments : none
Value : a NumericalMathfunctiontion the function parameter in the case of the first usage

getDataln

Usage : getDataln()
Arguments : none
Value : a NumericalSample, the dataln parameter

getName

Usage : getName()
Arguments : none
Value : a string, the name of the LinearLeastSquares

run

Usage : run()
Arguments : none

Value : it performs the linear least squares approximation (while this method has not been executed,
only getInput functiontion, get Dataln, get Name and setName methods can be used)

getDataOut
Usage : getDataln()

Arguments : none
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Value : a NumericalSample, it returns the ouput variable :

in the case of the first usage, it corresponds to the values of the function function at the input
variables dataln : function(dataln)

in the case of the second usage, it corresponds to dataOut

getLinear

Usage : getLinear()
Arguments : none

Value : a Matrix, the gradient of the function function at the point center (the transposition of
the jacobian matrix)

get ResponseSur face

Usage : getResponseSur face()
Arguments : none

Value : a NumericalMathFunction, an approximation of the function function by Linear Least
Squares

Links : see docref SurfRep LeastSquare

The methods getInput Function, getName, get Dataln have their associated setMethod.
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9.2.2

Usage :

QuadraticLeastSquares

QuadraticLeastSquares(dataln, function)

QuadraticLeastSquares(dataln, dataOut)

Arguments :

Value :

Some

dataln : a NumericalSample, the input variables
function : a NumericalMathFunction, the function to be approximated

dataOut : a NumericalSample, the output variables
a QuadraticLeastSquares, the quadratic least squares approximation between :

the two samples dataln and dataOut in the case of the second usage

the two samples dataln and function(datalIn) in the case of the first usage

methods :

getInput Function
Usage : getInput Function
Arguments : none

Value : a NumericalMathFunction, the function function

getName
Usage : getName()
Arguments : none
Value : a string, the name of the QuadraticLeastSquares

run
Usage : run()
Arguments : none

Value : it performs the quadratic least squares approximation (while this method has not been
executed, only getInput Function, get Name and setName methods can be used)

getDataOut
Usage : getDataln()
Arguments : none
Value : a NumericalSample, it returns the ouput variable :

in the case of the first usage, it corresponds to the values of the function function at the input
variables dataln : function(dataln)

in the case of the second usage, it corresponds to dataQOut

getConstant

Usage : getConstant()
Arguments : none
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Value : a NumericalPoint, the constant vector of the approximation, equal to function(center)

getLinear

Usage : getLinear()
Arguments : none
Value : a Matrix, the linear matrix of the approximation

getQuadratic

Usage : getQuadratic()
Arguments : none
Value : a SymmetricTensor, the quadratic term of the approximation

get ResponseSur face

Usage : getResponseSur face()
Arguments : none

Value : a NumericalMathFunction, an approximation of the function function by Quadratic Least
Squares

Links : see docref SurfRep LeastSquare

The methods getInput Function, get Name, get Dataln have their associated setMethod.
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10 Response Surface : Functional Chaos Expansion

The polynomial chaos expansion enables to approximate the output random variable of interest :

Y =g(X)eRP (3)
where g : R® — RP is the model, X is the input random vector of dimension n by the response surface :
¥ =3 a0 0 T(X) (4)
keK
with :
o S RP (5)

T is an isoprobabilistic transformation which maps the multivariate distribution of X into the multivariate
distribution,

p= H/Lz‘ (6)
i=1

and (Vg)ken a multivariate polynomial basis of /JZ(R",]R) which is orthonornal according to the distribution
w. K is a finite subset of N.
The distribution u is supposed to have an independent copula and Y be of finite second moment.

10.1 FunctionalChaosAlgorithm
Usage :

FunctionalChaosAlgorithm()

(
FunctionalChaosAlgorithm(model, distribution, adaptiveStrategy)
FunctionalChaosAlgorithm(model, distribution, adaptiveStrategy, projectionStrategy)
(

FunctionalChaosAlgorithm(inputSample, weights, output Sample, distribution, adaptiveStrategy, projectio

Arguments :

model : a NumericalMathFunction, the physical model g defined in (3) that behaves as a Numerical-
MathFunction.

distribution : a Distribution, the joint probability density function of the physical input vector

nputSample, output Sample : NumericalSample, the input and output samples of a model evaluated
apart.

weight : NumericalPoint, the weights of each point of the inputSample.

adaptiveStrategy : an AdaptiveStrategy, the strategy of selection of the basis (see AdaptiveStrategy
above)

projectionStrategy : a ProjectionStrategy, that defines the strategy of projection of the empirical model
results in the selected orthonormal basis (see ProjectionStrategy).

Value : a FunctionalChaosAlgorithm. In the second usage, the projection strategy considered is the Least-
SquaresStrategy. In the last usage, the model is not required and replaced by some given input sample and
output sample. The weights w; are determined such that ) ;; widx, ~ px, where px is the distribution
of the input random vector X. When not specified, the weight are all equal to

1
-~ cardl
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Some methods :

getMazximumResidual

Usage : getMazimumResidual ()
Arguments : none

Value : a NumericalScalar, the residual value needed in the projection strategy. By default, its
value is 0.

getProjectionStrategy

Usage : getProjectionStrategy()
Arguments : none
Value : a ProjectionStrategy, the projection strategy of the FunctionalChaosAlgorithm.

run

Usage : run()
Arguments : none

Value : execute the procedure of determination of coefficients using the projection strategy selected
with respect to the AdaptiveStrategy selected. It provides the results as an object of type
Functional ChaosResult.

getResult

Usage : getResult()
Arguments : none

Value : a FunctionalChaosResult, which contains all results of the execution.

The method get M aximumResidual has its associated setMaximumRestdual.

10.2 FunctionalChaosResult

Usage : structure created by the method run() of a FunctionalChaosAlgorithm and obtained thanks to the
method getResult().

Some methods :

getCoef ficients

Usage : getCoef ficients()
Arguments : none
Value : a NumericalSample, the collection of coefficients of the functional chaos (ay)kex

getComposedM eta M odel

Usage : getComposedMetaM odel()
Arguments : none
Value : a NumericalMathFunction, i = > ke Qx Vi

getComposed M odel
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Usage : getComposedM odel ()
Arguments : none
Value : a NumericalMathFunction, h which is the composition of the physical model g and the
inverse iso-probabilistic transformation: h: Z — Y = go T~1(Z). We have h = Z a, V.
keN

getDistribution

Usage : getDistribution|()
Arguments : none
Value : a Distribution, the joint distribution of the physical input vector

getIndices
Usage : getIndices()

Arguments : none

Value : an Indices, the collection of integers that represent the indices of the final basis

getInverselransformation

Usage : getInverseTransformation()
Arguments : none

Value : a NumericalMathFunction, the inverse iso-probabilistic transformation 7! that transforms
the data distributed according to the measure imposed by the selected orthonormal basis into
the input data: 77! : R" — R*, T71(Z) = X

getMeasure

Usage : getMeasure()
Arguments : none
Value : a Distribution, the measure p

getM etaM odel

Usage : getMetaModel()
Arguments : none
Value : a NumericalMathFunction, g = hoT.

getModel
Usage : getModel()

Arguments : none

Value : a NumericalMathFunction, the physical model g defined in (3).

getReducedBasis
Usage : getReducedBasis()

Arguments : none
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Value : a NumericalMathFunctionCollection, a collection of NumericalMathFunction that corre-
spond to the basis of the functional chaos (V)rerx

getRelative Errors
Usage : getResiduals()
Arguments : none

Value : a NumericalPoint, the relative residual values parginal by marginal evaluated by the pro-
jection strategy.

getResiduals

Usage : getResiduals()
Arguments : none

Value : a NumericalPoint, the residual values parginal by marginal evaluated by the projection
strategy.

getTrans formation

Usage : getTransformation()
Arguments : none

Value : a NumericalMathFunction, the iso-probabilistic transformation T that transforms the input
data into a data following the measure imposed by the selected orthonormal basis: T : R" — R",

TX)=2
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10.3 Construction of the multivariate orthogonal basis
10.3.1 OrthogonalBasis
Usage :

Orthogonal Basis()
Orthogonal Basis(orthogonal Product Polynomial Factory)
Orthogonal Basis(otherOrthogonal FunctionFactory)

Arguments :

orthogonal Product Polynomial Factory : an OrthogonalProductPolynomialFactory (see details below)

otherOrthogonal FunctionFactory : an OrthogonalFunctionFactory, it provides to the OrthogonalBasis
the persistent types of the univariate orthogonal functions other than polynomials. For example,
it can be a WaveletFunctionFactory that will be implemented with the response surface by wavelet
expansion.

Value : an OrthogonalBasis, which is the interface class of the OrthogonalFunctionFactory implementation,
which is an OrthogonalProductPolynomialFactory in the particular case of polynomial chaos expansion.

Some methods :

build
Usage : build(index)
Arguments : index : an integer that indicates the term of the basis which must be constructed.

In other words, indez is used by a bijection from N to N (d is the dimension of the Basis); this
bijection is detailed later in EnumerateFunction.

Value : a NumericalMathFunction, a term of the basis collection

getMeasure
Usage : getMeasure()
Arguments : none

Value : a Distribution, the joint measure that represents the product of the univariate distributions
which are respectively orthogonal with respect to the selected univariate function families
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10.3.2 OrthogonalProductPolynomialFactory

This class inherits from OrthogonalFunctionFactory
Usage :

Orthogonal Product Polynomial Factory()
Orthogonal Product Polynomial Factory(polColl)
Orthogonal Product Polynomial Factory(polColl, enumF'ct)

Arguments :

polColl : a PolynomialFamilyCollection, collection of orthogonal univariate polynomials factories. The
collection must have the same dimension as the orthogonal basis.

enumFct : an EnumerateFunction, that associates to an integer its multi-index image in the N¢ dimen-
sion, which is the dimension of the basis. This multi-index represents the collection of degrees of the
univariate polynomials

Value : an OrthogonalProductPolynomialFactory, represents a term of the basis that corresponds to the prod-
uct of the univariate orthonormal polynomials. Let’s note that the exact hessian and gradient have been
implemented for the poduct of polynomials.

Some methods :

build
Usage : build(index)
Arguments : index : an integer that indicates the term of the basis which must be constructed.

In other words, index is used by a bijection from N to N¥™ (recalling that dim is the dimension
of the Basis)

Value : a NumericalMathFunction, a term of the basis collection

getMeasure

Usage : getMeasure()
Arguments : none

Value : a Distribution, the joint measure that represents the product of the univariate distributions
which are respectively orthogonal with respect to the selected univariate function families

Details : OrthogonalProductPolynomialFactory is a particular case of implementation of the OrthogonalFunc-
tionFactory in the case of polynomial chaos expansion. It provides to the OrthogonalBasis the persistent
types of the univariate orthogonal polynomials (e.g. Hermite, Legendre, Laguerre and Jacobi) needed to
determine the distribution measure of projection of the input variable.
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10.3.3 OrthogonalUniVariatePolynomialFamily

OrthogonalUniVariatePolynomialFamily is the interface of the OrthogonalUniVariatePolynomialFactory imple-
mentation.

Usage :

OrthogonalUniV ariate Polynomial Family()
OrthogonalUniV ariate Polynomial Family(orthogUniV ar Pol Factory)

Arguments :

orthogUniVar PolFactory : an OrthogonalUniVariatePolynomialFactory that builds particular univari-
ate polynomial (e.g. Hermite, Legendre, Laguerre, ...).

Value : an OrthogonalUniVariatePolynomialFamily, represents the factory that allows the construction of any
univariate orthonormal polynomial with any degree.

Some methods :

build
Usage : build(n)
Arguments : n : an integer, the degree of the orthogonal polynomial to be build. The polynomial
is orthonormal with respect to its associated distribution.
Value : a UnivariatePolynomial of the same type as its factory

getMeasure

Usage : getMeasure()

Arguments : none

Value : a Distribution, the univariate measure with respect to which the polynomial basis is or-
thonormal : if the polynomials family is noted (¥y); then we have :

< U, I >pu= Okl (7)

buildCoef ficients
Usage : buildCoef ficients(n)
Arguments : n : an integer
Value : the sequence (o;)o<p of the coefficients of the polynomial of degreee n :

P(x) = Z o’ (8)
1=0

build RecurrenceCoef ficientsCollection
Usage : buildRecurrenceCoef ficientsCollection(n)
Arguments : n : an integer

Value : a NumericalSample, which contains the sequence (ag, a1, a2;)1<i<n of the three-term re-
currence relation that defines the polynomials :

Pri1(x) = (aon® + a1,n) Po(7) + a2 nPno1(7). 9)
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10.3.4 StandardDistributionPolynomialFactory

StandardDistributionPolynomialFactory inherits from OrthogonalUniVariatePolynomialFamily.

Usage :

StandardDistribution Polynomial Factory(distribution)
StandardDistribution Polynomial Factory(myOrthoAlgo)

Arguments :

myOrthoAlgo : a OrthonormalizationAlgorithm,
distribution : a Distribution of dimension 1, defined by its standard parameters.
Value : a StandardDistributionPolynomialFactory that evaluates the coefficients of the three term linear re-
currence (9) that defines the orhtonormal polynomials associated to the distribution.
When the algorithm is not specified, the Gram Schmidt algorithm os used with the given distribution.

This class detects of the distributino distribution directly given or defined in myOrthoAlgo is a measure
for which the orthonormal polynomials have already been evaluated.

Some methods : The methods are described in the OrthogonalUniVariatePolynomialFamily class.
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10.3.5 CharlierFactory

CharlierFactory inherits from OrthogonalUniVariatePolynomialFamily.

Usage : Charlier Factory(\)
Arguments : ) : areal with A > 0. By default, A = 1.

Value : a CharlierFactory which builds the orthonormalized polynomials with respect to the discrete measure
w = Poisson()\) as defined in (7).

Some methods :

getN
Usage : getLambdal()
Arguments : none

Value : an real, the A coefficient of the Charlier family.

getMeasure
Usage : getMeasure()
Arguments : none

Value : a Distribution, the univariate measure with respect to which the Charlier family is orthonor-
mal. Here the Poisson()) distribution.
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10.3.6 HermiteFactory

HermiteFactory inherits from OrthogonalUniVariatePolynomialFamily.
Usage : HermiteFactory()

Arguments : none

Value : an HermiteFactory which builds the orthonormalized polynomials with respect to the continuous mea-
sure Normal(0,1) as defined in (7).

Some methods :

getMeasure
Usage : getMeasure()
Arguments : none

Value : a Distribution, the univariate measure with respect to which the Charlier family is orthonor-
mal. Here the Normal(0, 1) distribution.
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10.3.7 JacobiFactory

JacobiFactory inherits from OrthogonalUniVariatePolynomialFamily.

Usage : JacobiFactory(a, 3)
Arguments : «, : two NumericalScalars. Both which must be > —1.

Value : an JacobiFactory which builds the orthonormalized polynomials with respect to the continuous measure
Beta(8+1,a+ 8+ 2,—1,1) as defined in (7).

Some methods :

getMeasure

Usage : getMeasure()
Arguments : none

Value : a Distribution, the univariate measure with respect to which the Charlier family is orthonor-
mal. Here the Beta(8 + 1, + 8+ 2,—1, 1) distribution.

getAlpha
Usage : getAlphal()
Arguments : none

Value : a NumericalScalar, the « coefficient of the Jacobi family.

getBeta
Usage : getBetal()

Arguments : none

Value : a NumericalScalar, the 3 coefficient of the Jacobi family.
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10.3.8 KrawtchoukFactory

KrawtchoukFactory inherits from OrthogonalUniVariatePolynomialFamily.

Usage : KrawtchoukFactory(N,p)
Arguments :
N : an integer, > 1. By default, N = 1.

1
p : areal, with 0 < p < 1. By default, p = 3

Value : a KrawtchoukFactory which builds the orthonormalized polynomials with respect to the discrete mea-
sure u = Binomial(N,p) as defined in (7).

Some methods :

getMeasure

Usage : getMeasure()
Arguments : none

Value : a Distribution, the univariate measure with respect to which the Charlier family is orthonor-
mal. Here the Binomial(N,p) distribution.

getN
Usage : getN()
Arguments : none

Value : an integer, the NV coefficient of the Krawtchouk family.

getP
Usage : getP()

Arguments : none

Value : a NumericalScalar, the p coefficient of the Krawtchouk family.
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10.3.9 LaguerreFactory

LaguerreFactory inherits from OrthogonalUniVariatePolynomialFamily.

Usage : LaguerreFactory(k)
Arguments : k : a NumericalScalar which must be > —1.

Value : an LaguerreFactory which builds the orthonormalized polynomials with respect to the continuous
measure Gamma(k + 1,1,0) as defined in (7)..

Some methods :

getMeasure

Usage : getMeasure()
Arguments : none

Value : a Distribution, the univariate measure with respect to which the Charlier family is orthonor-
mal. Here the distribution Gamma(k + 1,1,0).

get K
Usage : getK()
Arguments : none

Value : a NumericalScalar, the k coefficient of the Laguerre family.
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10.3.10 LegendreFactory

LegendreFactory inherits from OrthogonalUniVariatePolynomialFamily.
Usage : LegendreFactory()

Arguments : none

Value : an LegendreFactory which builds the orthonormalized polynomials with respect to the continuous
measure Uniform(—1, 1) distribution as defined in (7).

Some methods :

getMeasure
Usage : getMeasure()
Arguments : none

Value : a Distribution, the univariate measure with respect to which the Charlier family is orthonor-
mal. Here the distribution Uniform(—1,1).
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10.3.11 MeixnerFactory

MeixnerFactory inherits from OrthogonalUniVariatePolynomialFamily.

Usage : MeixnerFactory(r,p)
Arguments :

r : a real value > 0. By default, r = 1.

1
p: areal, with 0 < p < 1. By default, p = 3

Value : an MeixnerFactory which builds the orthonormalized polynomials with respect to the continuous mea-
sure NegativeBinomial(1,0.5) distribution as defined in (7).

Some methods :

getR
Usage : getR()
Arguments : none

Value : a real value, the r coefficient of the Meixner family.

getP

Usage : getP()
Arguments : none
Value : a real value, the p coefficient of the Meixner family.

getMeasure

Usage : getMeasure()
Arguments : none

Value : a Distribution, the univariate measure with respect to which the Charlier family is orthonor-
mal. Here the distribution NegativeBinomial(1,0.5).
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10.3.12 OrthonormalizationAlgorithm

This class defines the algorithm used to build the orthonormal basis with respect to a specified distribution.

Usage :

OrthonormalizationAlgorithm(myOrthoAlgo)

OrthonormalizationAlgorithm(measure)

Arguments :

measure : a Distribution
myOrthoAlgo : a OrthonormalizationAlgorithmImplementation, which is the Chebychev or Gram Schmidt
algorithm

value : a OrthonormalizationAlgorithm whioch enables to build the orthonormal polynomail basis with respect
to a distribution.

in the first usage, the algorithm myOrthoAlgo is used (that contains the concerned distribution)

in the second usage, we use by default the Gram Schmidt algorithm. Only the distribution measure is
specified.

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 223

10.3.13 ChebychevAlgorithm

This class inherits from OrthonormalizationAlgorithmImplementation.

Usage :

ChebychevAlgorithm(measure)

Chebychev Algorithm(measure, referenceFamily)
Arguments :

measure : a Distribution
referenceFamily : a OrthogonalUniVariatePolynomialFamily. When not specified, the re ference Family
is the canonical one : (1, X, X2 ....).

Value : a ChebychevAlgorithm, that builds the orthonormalized polynomials family with respect to the dis-
tribuytion measure, where the initial polynomials family is the one specified in referenceFamily. It
implements the Chebychev algorithm.

Some methods :

getRe ferenceFamily
Usage : getReferenceFamily()
Arguments : n : an integer

Value : a OrthogonalUniVariatePolynomialFamily, the polynomials family from which the algorithm
starts to build the polynomials family which is orthogonal to the distribution measure.
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10.3.14 GramSchmidtAlgorithm

This class inherits from OrthonormalizationAlgorithmImplementation.

Usage :

GramSchmidtAlgorithm(measure)

GramSchmidt Algorithm(measure, re ference Family)
Arguments :

measure : a Distribution
referenceFamily : a OrthogonalUniVariatePolynomialFamily. When not specified, the re ferenceFamily
is the canonical one : (1, X, X2 ....).

Value : a GramSchmidtAlgorithm, that builds the orthonormalized polynomials family with respect to the
distribuytion measure, where the initial polynomials family is the one specified in referenceFamily. It
implements the Gram Schmidt algorithm.

Some methods :

getRe ferenceFamily
Usage : getReferenceFamily()
Arguments : n : an integer

Value : a OrthogonalUniVariatePolynomialFamily, the polynomials family from which the algorithm
starts to build the polynomials family which is orthogonal to the distribution measure.
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10.3.15 EnumerateFunction
Usage :

Enumerate Function|()

Enumerate Function(dim)
Arguments :

dim : an integer, that represents the dimension of the EnumerateFunction. dim must be equal to the
dimension of the OrthogonalBasis.

Value : an EnumerateFunction, which is a function that maps N into N In the default constructor dim = 0.

Some methods :

0

Usage : inverse(multilndex)
Arguments : multiIndex: an Indices, which is a collection of integers
Value : an integer, represents the antecedent of the multiIndex in the EnumerateFunction.

getDimension

Usage : get Dimension()
Arguments : none
Value : an integer, the dimension of the EnumerateFunction.

getStrateCardinal

Usage : getStrateCardinal(strateIndex)

Arguments : strateIndex : an integer, the index of the strate in the hierarchical basis. In the
context of product of polynomial basis, this is the total polynom degree.

Value : the number of members of the basis associated to the strate strateIndex. In the context of
product of polynomial basis, this is the number of polynoms of the basis which total degree is
stratelndex.

getStrateCumulatedCardinal

Usage : getStrateCumulatedCardinal(strateIndezx)

Arguments : strateIndex : an integer, the index of the strate in the hierarchical basis. In the
context of product of polynomial basis, this is the total polynom degree.

Value : the number of members of the basis associated to the strates inferior or equal to strateIndez.
In the context of product of polynomial basis, this is the number of polynoms of the basis which
total degree is inferior or equal to stratelndex.

Details : EnumerateFunction represents a bijection from N to N¥™_ This bijection is based on a particular
procedure of enumerating the set of multi-indices. It begins from the multi-index [0, 0, ..., 0].
We associate a multi-index [jp1, jp2, .-, Jpdim] fOr every integer i, in N: ‘
For more details, let us consider any i,,7, € N: if |i, —i4] < 1 then ]ZZZ:"{ (Jpk — Jgk)| < 1. This
proposition provides a necessary but unsufficient condition for the construction of the bijection. Another
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assumption was done indicating the way of iteration. Below an example showing this assumption.

Example: for dim = 2,
phi(0) = [0 0]
phi(1) = [1 0]
phi(2) = [0 1]
phi(3) = [2 0]
phi(4) = [1 1]
phi(5) = [0 2]
phi(6) = [3 0]

For the functional expansion (respectively polynomial chaos expansion), the multi-index i, represents the col-

lection of degrees of the selected orthogonal functions (respectively orthogonal polynomials). In fact, after the
selection of the type of orthogonal functions (respectively orthogonal polynomials) for the construction of the
orthogonal basis, the Enumerate Function characterizes the term of the basis by providing the degrees of the
univariate functions (respectively univariate polynomials).

tnverse

Usage : inverse(multilndex)
Arguments : multiIndex: an Indices, which is a collection of integers

Value : an integer, represents the antecedent of the multiIndex in the EnumerateFunction

getDimension

Usage : getDimension()
Arguments : none

Value : an integer, the dimension of the EnumerateFunction
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10.3.16 LinearEnumerateFunction
LinearEnumerateFunction inherits from EnumerateFunctionlmplementation.
Usage :
Linear Enumerate Function(dim)
Arguments :

dim : an integer, that represents the dimension of the EnumerateFunction. dim must be equal to the
dimension of the OrthogonalBasis.

Value : a LinearEnumerateFunction
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10.3.17 HyperbolicAnisotropicEnumerateFunction

HyperbolicAnisotropicEnumerateFunction inherits from EnumerateFunctionlmplementation.

Usage :

HyperbolicAnisotropicEnumerate Function(dim)

HyperbolicAnisotropicEnumerate Function(dim, q)

HyperbolicAnisotropicEnumerate Function(weight)
(

HyperbolicAnisotropicEnumerate Function(weight, q)
Arguments :

dim : an UnsignedLong, that represents the dimension of the EnumerateFunction. dim must be equal
to the dimension of the OrthogonalBasis.

q : a NumericalScalar, the g-quasi-norm parameter.

weight : a NumericalPoint, the weights of the indices in each dimension.

Value : an HyperbolicAnisotropicEnumerateFunction
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10.4 Construction of the truncated multivariate orthogonal basis

getStrateCumulatedCardinal

Usage : getStrateCumulatedCardinal(strateIndez)

Arguments : strateIndex : an integer, the index of the strate in the hierarchical basis. In the context
of product of polynomial basis, this is the total polynom degree.

Value : the number of members of the basis associated to the strates inferior or equal to stratelndex.
In the context of product of polynomial basis, this is the nulber of polynoms of the basis which total
degree is inferior or equal to strateIndex.

Details : EnumerateFunction represents a bijection from N to N This bijection is based on a particular
procedure of enumerating the set of multi-indices. It begins from the multi-index [0, 0, ..., 0].
We associate a multi-index [jp1, jp2, .-, Jpdim] fOr every integer i, in N:
For more details, let us consider any i,,i, € N: if |i, —ig| < 1 then |EZZ} (Jpk — Jgk)| < 1. This
proposition provides a necessary but unsufficient condition for the construction of the bijection. Another
assumption was done indicating the way of iteration. Below an example showing this assumption.

Example: for dim = 2,
phi(0) = [0 0]
phi(1) = [1 0]
phi2) = [0 1]
phi(3) = [2 0]
phi(d) = [1 1]
phi() = [0 2]
phi(6) = [3 0]

For the functional expansion (respectively polynomial chaos expansion), the multi-index i, represents
the collection of degrees of the selected orthogonal functions (respectively orthogonal polynomials). In
fact, after the selection of the type of orthogonal functions (respectively orthogonal polynomials) for the
construction of the orthogonal basis, the EnumerateFunction characterizes the term of the basis by
providing the degrees of the univariate functions (respectively univariate polynomials).
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10.5 Construction of the truncated multivariate orthogonal basis

These strategies are conceived in such a way to be adapted for other orthogonal expansions (other than poly-
nomial). They provide the strategies of selection of different terms of the basis in which the response surface
by functional chaos is expressed. For the moment, their implementation are useful for the polynomial chaos
expansion.

10.5.1 AdaptiveStrategy
Usage :

AdaptiveStrategy(orthogonal Basis, size)
AdaptiveStrategy(adaptiveStrategylmplementation)

Arguments :

orthogonalBasis : an OrthogonalBasis

size : provides the number of terms of the basis. This first usage has the same implementation as the
second (with a FixedStrategy). The difference is that the size of the basis is provided directly to the
AdaptiveStrategy. (See below the FixedStrategy)

adaptiveStrategyI mplementation : an adaptiveStrategylmplementation which is a FixedStrategy, a
SequentialStrategy or a CleaningStrategy.

Value : an AdaptiveStrategy, such as :

in the first usage, the adaptive strategy is by default the FixedStrategy.
in the first usage, the adaptive strategy is specified.

Some methods :

getMazximumDimension

Usage : get MaximumDimension()
Arguments : none
Value : an integer which is the size of the truncated basis .

The get M aximumDimension has its associated set M aximumDimension.
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10.5.2 FixedStrategy

FixedStrategy inherits from AdaptiveStrategylmplementation
Usage :

FizedStrategy(orthogonal Basis, size)
Arguments :

orthogonal Basis : an OrthogonalBasis

size : provides the number of terms of the basis.
Value : a FixedStrategy

Details : it is a fixed strategy in the sense that all terms of the basis are built once and for all : that means
they can be determined before the projection in the basis. The basis is determined by iterating the
EnumerateFunction a size — 1 times from the first term 4; = [0,...,0]. In this strategy, we can find the
so-called complete basis, by setting size = Cfllfx p with p the degree of the chaos expansion.

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 232

10.5.3 SequentialStrategy

SequentialStrategy inherits from AdaptiveStrategylmplementation

Usage :
Sequential Strategy(orthogonal Basis, maximumsSize)
Arguments :

orthogonalBasis : an OrthogonalBasis

mazimumSize : provides the maximum number of terms of the truncated basis.
Value : a SequentialStrategy.

Details : The SequentialStrategy generates, term by term, the basis using the Enumerate function. It begins
from index = 0 and continues, till satisfying a convergence criterion (that is the residual of the least
squares algorithm in the case of the LeastSquaresStrategy) or till reaching the maximal index of terms
generation fixed by the user.
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10.5.4 CleaningStrategy

CleaningStrategy inherits from AdaptiveStrategylmplementation

Usage :

CleaningStrategy(orthoBas, indexMaxO f Basis)
CleaningStrategy(orthoBas,indexMaxO f Basis, verbose)
CleaningStrategy(orthoBas,indexMaxO f Basis, ...
...maxSizeO f Basis, signi ficance Factor)
CleaningStrategy(orthoBas,indexMaxO f Basis, ...

...maxSizeO f Basis, significance Factor, verbose)
Arguments :

orthoBas : an OrthogonalBasis

indexMaxO f Basis : an integer, the index maximum that can be used by the EnumerateFunction to
determine the last term of the basis

mazxSizeO f Basis : an integer, this parameter characterizes the CleaningStrategy. In fact, it represents
the number of efficient coefficients of the basis. Its default value is equal to 20

signi ficanceFactor : an integer, used as a threshold for selection the efficient coefficients of the ba-
sis. (the real threshold represents the multiplication of the significanceFactor with the maximum
magnitude of the current coefficients determined). Its default value is equal to 1le™*

verbose : a boolean, needed when we are interested in the online monitoring of the current basis updates.
(removed or added coefficients)

Value : a CleaningStrategy

Details : This strategy aims to filter the basis from unsignificant terms. After choosing the maximum index
and the size of the basis, the strategy calculates an initial basis of, for example, 20 terms, the unsignificant
coefficients are removed (w.r.t a significance factor) and another coefficients are calculated. This procedure
continues till arriving to the indexMaxO f Basis of the basis or till satisfying the residual of the least
squares algorithm.
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10.6 Evaluation of the coefficients

These strategies are conceived in such a way to be adapted for other orthogonal expansions (other than poly-
nomial). They provide different strategies of projection in the orthonormal basis. For the moment, their
implementation are useful for the polynomial chaos expansion.

10.6.1 ProjectionStrategy
This class is not usable because it has sense only within the FunctionalChoasAlgorithm.
Usage :
ProjectionStrategy(projectionStrategyI mplementation)
Arguments :

projectionStrategyl mplementation : a ProjectionStrategylmplementation which is a LeastSquaresStrat-
egy or a IntegrationStrategy (detailed further).

Value : a ProjectionStrategy, which is the interface of the ProjectionStrategylmplementation. It represents a
generic class (virtual) for different strategies like: LeastSquaresStrategy, IntegrationStrategy.
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10.6.2 LeastSquaresStrategy
This class inherits from ProjectionStrategylmplementation.

This class is not usable because it has sense only within the FunctionalChoasAlgorithm : the least squares
strategy evaluates the coefcients (a)ger of the polynomials decomposition as follows :

2
a = argming,cgx By, (g oT1(2) - Z ak\I/k(Z)> (10)
keK

where Z = T'(X).
Then, the esperance F,, is approximated by a relation of type :

E,[f(Z2)] ~ sz‘f(Ei) (11)
el

where f is a function Lj(p) defined as :

2
f(2) = <g o7 (2)- 3 akwk<z>> (12)

In the approximation (14), the set I, the points (Z;);c; and the weights (w;);c; are evaluated from different
methods implemented in OpenTURNS in the Weighted Exeriment.

Usage :

LeastSquaresStrategy(weighted Experiment)
LeastSquaresStrategy(weighted Exp, approx AlgoImpF act)

(

(
LeastSquaresStrategy(measure, approxz AlgoImpF act)
LeastSquaresStrategy(measure, weighted Exp, approz AlgoImpF act)
(

LeastSquaresStrategy(inputSample, weights, outputSample, approx AlgoImpF act)

Arguments :
weightedExp : a WeightedExperiment, the experimental design used for the transformed input data.
When not precised, Open TURNS uses aMonteCarloExperiment.

approrAlgolmpFact : an ApproximationAlgorithmImplementationFactory, the factory that builds the
desired ApproximationAlgorithm. When not precised, Open TURNS uses the PenalizedLeastSquare-
sAlgorithmFactory.

measure : the Distribution p with respect to which the basis is orthonormal. When not precised, Open
TURNS uses the limit peasure defined within the WeightedExperiment.

inputSample, output Sample : two NumericalSample that describe the model.

weights : a NumericalPoint that are the weights associated to the input sample points such that the
corresponding WeightedExperiment is a good approximation of p.

Value : a LeastSquaresStrategy used to create a FunctionalChaosAlgorithm.
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10.6.3 IntegrationStrategy

This class inherits from ProjectionStrategylmplementation.

This class is not usable because it has sense only within the FunctionalChoasAlgorithm : the integration strategy
evaluates the coefcients (g )rer of the polynomials decomposition as follows :

a=(BE,[goT (2)¥(2)]), (13)
where Z = T'(X).
Then, the esperance E,, is approximated by a relation of type :
E,[f(2)] ~ Zwif(fi) (14)
el
where f is a function L (p) defined as :
f(Z2)=goT (2)¥(2) (15)

In the approximation (14), the set I, the points (§;);er and the weights (w;);er are evaluated from different
methods implemented in OpenTURNS in the Weighted Exeriment.

Usage :

IntegrationStrategy(measure)
IntegrationStrategy(weighted Experiment)
IntegrationStrategy(measure, weighted Exp)
IntegrationStrategy(inputSample, outputSample)

Arguments :
weightedExp : a WeightedExperiment, the experimental design used for the transformed input data.

When not precised, Open TURNS uses aMonteCarloExperiment.

approxAlgolmpFact : an ApproximationAlgorithmImplementationFactory, the factory that builds the
desired ApproximationAlgorithm. When not precised, Open TURNS uses the PenalizedLeastSquare-
sAlgorithmFactory.

measure : the Distribution p with respect to which the basis is orthonormal. When not precised, Open
TURNS uses the limit peasure defined within the WeightedExperiment.

inputSample, output Sample : two NumericalSample that describe the model.

weights : a NumericalPoint that are the weights associated to the input sample points such that the
corresponding WeightedExperiment is a good approximation of p.

Value : a IntegrationStrategy used to create a FunctionalChaosAlgorithm.
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10.6.4 ApproximationAlgorithmFactory
Usage :
ApproximationAlgorithmFactory(approz AlgoImpFact)
Arguments :
approxAlgoImpFact : an ApproximationAlgorithmImplementationFactory (detailed later).

Value : an ApproximationAlgorithmFactory, which is the interface of the ApproximationAlgorithmImplemen-
tationFactory. It represents a generic class (virtual) for different factories like: PenalizedLeastSquaresAl-
gorithmFactory, PenalizedLeastSquaresAlgorithmFactory ...

Some methods : This class is not usable because it has sense only whithin the FunctionalChoasAlgorithm.
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10.6.5 PenalizedLeastSquaresAlgorithmFactory
PenalizedLeastSquaresAlgorithmFactory inherits from ApproximationAlgorithmImplementationFactory.
Usage :

PenalizedLeastSquaresAlgorithmFactory()

Value : a PenalizedLeastSquaresAlgorithmFactory, implementation of ApproximationAlgorithmFactory which
builds an ApproximationAlgorithmImplementation.

Some methods : This class is not usable because it has sense only whithin the FunctionalChoasAlgorithm.
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10.6.6 LeastSquaresMetaModelSelectionFactory
LeastSquaresMetaModelSelectionFactory inherits from ApproximationAlgorithmImplementationFactory.
Usage :

LeastSquaresMetaM odelSelectionFactory()
LeastSquaresM etaM odel Selection Factory(basisSequence Factory)
LeastSquaresMetaM odelSelectionFactory(basisSequence Factory, fitting Algorithm,)

Arguments :

basisSequenceFactory : a BasisSequenceFactory (detailed later).

fittingAlgorithm : a FittingAlgorithm (detailed later).

Value : a LeastSquaresMetaModelSelectionFactory, implementation of ApproximationAlgorithmImplementa-
tionFactory which builds an ApproximationAlgorithm.

Some methods : This class is not usable because it has sense only whithin the FunctionalChoasAlgorithm.
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10.6.7 BasisSequenceFactory
Usage :
BasisSequenceFactory(basisSequenceFactorylmplementation)
Arguments :
basisSequenceFactorylmplementation : a BasisSequenceFactorylmplementation (detailed later).

Value : a BasisSequenceFactory, which is the interface of the BasisSequenceFactorylmplementation. It repre-
sents a generic class (virtual) for different strategies like: LAR.

Some methods : This class is not usable because it has sense only whithin the FunctionalChoasAlgorithm.
10.6.8 LAR
LAR inherits from BasisSequenceFactory.

Usage :
LAR()
Value : a LAR

Some methods : This class is not usable because it has sense only whithin the FunctionalChoasAlgorithm.
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10.6.9 FittingAlgorithm
Usage :
FittingAlgorithm( fitting AlgorithmImplementation)
Arguments :
fittingAlgorithmImplementation : a FittingAlgorithmImplementation (detailed later).

Value : a FittingAlgorithm, which is the interface of the FittingAlgorithmImplementation. It represents a
generic class (virtual) for different cross-validation algorithms like: CorrectedLeaveOneOut, KFold...

Some methods : This class is not usable because it has sense only whithin the FunctionalChoasAlgorithm.

10.6.10 CorrectedLeaveOneOut
CorrectedLeaveOneOut inherits from FittingAlgorithmImplementation.
Usage :
Corrected LeaveOneQOut|()
Value : a CorrectedLeaveOneOut

Some methods : This class is not usable because it has sense only whithin BasisSequenceFactory.

10.6.11 KFold
KFold inherits from FittingAlgorithmImplementation.
Usage :

KFold()
KFold(k)

Arguments :
k : an integer, decides the number of folds in which the sample is splitted.
Value : a KFold

Some methods : This class is not usable because it has sense only whithin the FunctionalChoasAlgorithm.
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10.7 FunctionalChaosRandomVector

This structure is created from a FunctionalChaosResult in order to evaluate the Sobol indices associated to the
polynomial chaos decomposition of the model.

Usage : FunctionalChaosRandomV ector( functionalChaosResult)

Arguments : functionalChaosResult : a FunctionalChaosResult resulting from a polynomial chaos decom-
position of the model

Value : a FunctionalChaosRandomVector
Some methods :

getMean
Usage : getMean()
Arguments : none

Value : a NumericalPoint, the mean of the random vector defined as the result of the polynomial
chaos approximation. The mean is the first coefficient (constant term) of the polynomial decom-
position.

getCovariance
Usage : getCovariance()
Arguments : none

Value : a CovarianceMatrix, the covariance of the random vector defined as the result of the poly-
nomial chaos approximation. The covariance is the sum of the square coefficients except the first
one (constant term) minus the suqare of the constant term of the polynomial decomposition.

get Functional ChaoResult
Usage : get FunctionalChaoResult()
Arguments : none

Value : the FunctionalChaosResult resulting from the polynomial chaos decomposition of the model

getSobolIndex
Usage :
getSobolIndex(variableIndices)
getSobolIndex(variableIndex)
Arguments :

variableIndices : a Indices, indicating the set of variables for which we want the associated
Sobol indice

variableInder : a UnsignedLong indicating the variable for which we want the associated Sobol
indices

Value : a NumericalSaclar, the Sobol indice

getTotalSobolIndex
Usage :
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getSobolT otalIndex(variableIndices)
getSobolT otalIndex(variableIndex)
Arguments :
variableIndices : a Indices, indicating the variables for which we want the associated Sobol
indices
variableIndex : a UnsisignedLong indicating the variable for which we want the associated
Sobol indices
Value : a NumericalSaclar, the Total Sobol indice
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11 Statistics on sample

11.1 Numerical Sample
11.1.1 NumericalComplexCollection
Usage :

NumericalComplexCollection(size)

NumericalComplexCollection(pythonList)

Arguments :

size : an integer, the size of the NumericalSample

pythonList : a list python of dimension 2. For example : [(1.0,2.0), (3.0,4.0)].

Value : a Numerical ComplexCollection, containing size NumericalPoint, each one equal to :

in the first usage : size complex points (0,0),

in the second usage, the list of the complex points mentioned in pythonList.

Some methods :

[]

Usage : NumericalComplexCollectionli]
Arguments : ¢ : an integer, constraint : 0 <1¢ < size — 1

Value : the complex point of indice 3.
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11.1.2 NumericalSample
Usage :

NumericalSample(size, dim)

(
Numerical Sample(size, numerical Point)
Numerical Sample(sequence)

(

Numerical Sample(array)

Arguments :

size : an integer, the size of the NumericalSample

dim : an integer, the dimension each NumericalPoint of the NumericalSample
numerical Point : a NumericalPoint

sequence : a tuple / list python of dimension 2. For example : [(1.0,2.0), (3.0,4.0)].

array: a Numpy array with dimension (ndim) 2

Value : a NumericalSample, containing size NumericalPoint, each one equal to :

0 € R%™ in the first usage

numerical Point in the second usage

Some methods :

[]

Usage : Numerical Sampleli]
Arguments : 7 : an integer, constraint : 0 <17 < size — 1
Value : a NumericalPoint, the (i + 1) — th NumericalPoint of the NumericalSample

2]

Usage : NumericalSampleli, j|
Arguments : ¢, j : integers, constraint : 0 <i,j5 < size — 1
Value : areal, the (j+1)—th component of the (i+1) —th NumericalPoint of the NumericalSample

add
Usage : add(z)
Arguments : x : a NumericalPoint

Value : a NumericalSample, of size size + 1 where the last NumericalPoint has been added, equal
to x

computeCovariance

Usage : computeCovariance()
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Arguments : none

Value : a CovarianceMatrix, the covariance matrix of the NumericalSample (a dim? matrix)

compute Empirical CDF
Usage :
compute Empirical CDF (x)
compute Empirical CDF (z, tail)
Arguments :
x : a NumericalPoint

tail : a Boolean, which indicates whether we compute the tail CDF (if tail = True) or the CDF
at point x (if tail = False). The CDF at at point z is P(X; < x1,..., X, < x,) and the
tail CDF at point z is P (X7 > z1,..., X, > x,). If tail = True, compute EmpiricalCDF
evaluates the tail CDF. If not specified, tail = False.

Value : a numerical scalar, the Empirical Cumulative Distribution Function value of the Numeri-
calSample at x

compute KendallT au
Usage : compute KendallT au()
Arguments : none

Value : a CorrelationMatrix, the Kendall rank correlation matrix of the NumericalSample

compute KurtosisPerComponent
Usage : compute KurtosisPerComponent|()
Arguments : none

Value : a NumericalPoint, the value of the kurtosis of each component of the NumericalSample

computeMean
Usage : computeMean/)
Arguments : none

Value : a NumericalPoint, the mean value vector of each component of the NumericalSample

computeM edian PerComponent
Usage : computeMedianPerComponent()
Arguments : none

Value : a NumericalPoint, the median value vector of each component of the NumericalSample

computePearsonCorrelation
Usage : computePearsonCorrelation()
Arguments : none

Value : a CorrelationMatrix, the Pearson correlation matrix of the NumericalSample (a dim? ma-
trix)
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computeQuantile
Usage : computeQuantile(p)
Arguments : p, a real value, constraint 0 < p < 1, the value of a probability

Value : a NumericalPoint, the empirical quantile value associated to probability p, determined from
the empirical CDF of the NumericalSample as follows :

e Vq € [%, 1-— %], then Open TURNS approximates the empirical cumulative density function
by interpolating all the middles of the steps and then evaluates z, from this continuous
approximation.

e Vg < %7 then Open TURNS returns min(X;).
e Vg > 5-, then Open TURNS returns maz(X;).

computeQuantile PerComponent

Usage : computeQuantile PerComponent(p)
Arguments : p, a real value, constraint 0 < p < 1, the value of a probability

Value : a NumericalPoint, the empirical quantile value associated to probability p for each compo-
nent, determined from the empirical CDF of each component of the NumericalSample

computeSkewnessPerComponent
Usage : computeSkewnessPerComponent()
Arguments : none

Value : a NumericalPoint, the skewness of each component of the NumericalSample

computeSpearmanCorrelation
Usage : computeSpearmanCorrelation()
Arguments : none

Value : a CorrelationMatrix, the Spearman correlation matrix of the NumericalSample (a dim?
matrix)

computeStandardDeviation

Usage : computeStandardDeviation()
Arguments : none

Value : a SquareMatrix, the Cholesky factor L of the covariance matrix A : gt = A, with L
triangular inferior

computeStandardDeviation Per Component

Usage : computeStandardDeviationPerComponent()
Arguments : none

Value : a NumericalPoint, the standard Deviation value of each component of the NumericalSample

computeV ariance Per Component

Usage : computeV ariance PerComponent|()
Arguments : none
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Value : a NumericalPoint, the variance value of each component of the NumericalSample

getDimension

Usage : getDimension()
Arguments : none

Value : an integer, the dimension of each point which constitutes the NumericalSample (it returns
dim)

getMin
Usage : getMin()
Arguments : none

Value : a NumericalPoint, each element of the NumericalPoint corresponds to the minimum of each
component of the NumericalSample

getMax
Usage : getMax()
Arguments : none

Value : a NumericalPoint, each element of the NumericalPoint corresponds to the maximum of each
component of the NumericalSample

getMarginal
Usage :
getMarginal(i)
getMarginal(indices)
Arguments :
i : a UnsignedLong, (integer)
indices : a Indices (collection of integers)
Value :

a NumericalSample : the NumericalSample of same size as the initial NumericalSample, of
dimension 1, corresponding to the ¢ + 1 coordinate of the NumericalPoints which constitute
the initial NumericalSample

a NumericalSample : the NumericalSample of same size as the initial NumericalSample, of
dimension indices.getSize(), corresponding to the associated coordinates of the Numerical-
Points which constitute the initial NumericalSample. Care : indices start at 0.

getSize
Usage : getSize()
Arguments : none

Value : an integer, the size of the NumericalSample (which means the number of points which
constitute the NumericalSample (it returns size)

rank

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 249

Usage : rank()
Arguments : none

Value : a NumericalSample, where each value has been replaced by the value of its rank (order set
component by component)

scale

Usage : scale( factor)
Arguments : factor : a NumericalPoint

Value : a NumericalSample, where the components [i] of each NumericalPoint have been multiplied
by the corresponding value factor]i]

sort
Usage : sort(i)
Arguments : i : UnsignedLong (an integer)

Value : a NumericalSample of same size as the initial NumericalSample, of dimension 1, constitued
by the i 4+ 1th component of the NumericalPoints that constitute the initial NumericalSample,
all sorted in ascending order

sortAccording AComponent

Usage : sortAccording AComponent (i)
Arguments : i : UnsignedLong (an integer)

Value : a NumericalSample of same size and dimension as the initial NumericalSample, where the
NumericalPoints have been reordered such that the (i + 1) component is sorted in ascending
order

split
Usage : split(i)
Arguments : i : UnsignedLong (an integer)

Value : a NumericalSample. The initial NumericalSample has been modified and restricted to the
1 first NumericalPoints. The new NumericalSample contains the size — i last NumericalPoints
of the initial NumericalPoints if size is the initial size of the sample. For example : initial= (1,
2, 3, 4) and newSplit = initial.split(1). Then initial=(1) and newSplit—=(2,3,4).

str
Usage : str()
Arguments : none
Value : a string giving a brief description of the considered NumericalSample,

translate
Usage : translate(translation)
Arguments : translation : a NumericalPoint

Value : a NumericalSample, where the components [i] of each NumericalPoint have been added the
corresponding value translation]i]
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Details :

when two elements of the sample are equal, the rank of the first element appearing in the sample will be
considered as the lower one (for computing Spearman correlation matrix)
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11.2 Distribution factory
11.2.1 DistributionIlmplementationFactory

Usage : DistributionImplementationFactory()
Arguments : none

Value : a DistributionlmplementationFactory is the implementation of the factory of one particular distribu-
tion.

Some methods :

build

Usage :
build(sample)
build(param)
build(sample, covariance M at)

Arguments :
sample : a NumericalSample, of dimension n > 1
param : a NumericalPoint WithDescription, the vector of parameters of the distribution.
covarianceMat : a CovarianceMatrix

Value : a Distributionlmplementation, which is the implementation of the factory of one particular
distribution. In the second usage, the covariance matrix covarianceMat is fulfilled with the
covariance of the estimator of the parameter vector 8. The technique used is bootstrap. In case
of asymptotical normal convergence of the estimator, it enables to build confidence intervals.
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11.3 Correlation analysis
11.3.1 CorrelationAnalysis
Usage : CorrelationAnalysis()

Arguments : none

Some methods :

PCC
Usage : PCC(samplel, sample2)
Arguments :
samplel : a NumericalSample, of dimension n > 2
sample2 : a NumericalSample, of dimension =1

Value : a NumericalPoint, the PCC (Partial Correlation Coefficient) coefficients evaluated between
the sample2 and each coordinate of samplel

PRCC
Usage : PRCC(samplel, sample2)
Arguments :

samplel : a NumericalSample, of dimension n > 2
sample2 : a NumericalSample, of dimension =1

Value : a NumericalPoint, the PRCC (Partial Rank Correlation Coefficient) coefficients evaluated
between the sample2 and each coordinate of samplel (based on the rank values)

PearsonCorrelation
Usage : PearsonCorrelation(samplel, sample2)
Arguments :
samplel : a NumericalSample, of dimension = 1
sample2 : a NumericalSample, of dimension = 1
Value : areal value, the Pearson Correlation coefficient evaluated between the sample2 and samplel

SRC
Usage : SRC(samplel, sample2)
Arguments :
samplel : a NumericalSample, of dimension n > 1
sample2 : a NumericalSample, of dimension = 1

Value : a NumericalPoint, the SRC (Standard Regression Coefficient) coefficients evaluated between
the sample2 and each coordinate of samplel

SRRC
Usage : PRCC(samplel, sample2)
Arguments :

samplel : a NumericalSample, of dimension n > 1
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sample2 : a NumericalSample, of dimension = 1

Value : a NumericalPoint, the SRRC (Standard Rank Regression Coefficient)coefficients evaluated
between the sample2 and each coordinate of samplel (based on the rank values)

SpearmanCorrelation
Usage : SpearmanCorrelation(samplel, sample2)
Arguments :
samplel : a NumericalSample, of dimension = 1
sample2 : a NumericalSample, of dimension = 1

Value : a real value, the Spearman Correlation coeflicient evaluated between the sample2 and
samplel (based on the rank values)
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11.4 Sensitivity Analysis
11.4.1 Sensitivity Analysis

Sensitivity Analysis allows to compute the Sobol’ sensitivity indices.

Usage :

Sensitivity Analysis(inputSamplel, inputSample2, function)

Arguments :

inputSamplel : an input NumericalSample, which marginals are independently distributed
inputSample2 : an input NumericalSample of same dimension and size, independent from inputSamplel

function : a NumericalMathFunction to be evaluated on the input samples

Details : Some indices are computed together when calling the corresponding accessors. The cost is N(k + 2)
model evaluations for first and total order indices, or N (2k+2) for first, second and total order indices. Be
sure to retrieve higher order indices first to avoid extra model evaluations, i.e. call getSecondOrderIndices
before get FlirstOrderIndices if you need second order indices.

Some methods :

setBlockSize

Usage :
setBlockSize(k)

Arguments : k : an integer, the size of each block the sample is splitted into, this allows to save
space while allowing multithreading, when available (wrapper function), set by default to 1

getFirstOrderIndices()
Usage :
getFirstOrderIndices()
getFirstOrderIndices(i)
Arguments : ¢ : an integer, the index of the marginal of the function, equal to 0 by default

Value : a NumericalPoint containing first order Sobol’ indices

getSecondOrderIndices()
Usage :
getSecondOrderIndices()
getSecondOrderIndices(i)
Arguments : ¢ : an integer, the index of the marginal of the function, equal to 0 by default
Value : a SymmetricMatrix containing second order Sobol’ indices

getTotalOrderIndices()
Usage :
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getTotalOrderIndices()

getTotalOrderIndices(k)
Arguments : ¢ : an integer, the index of the marginal of the function, equal to 0 by default
Value : a NumericalPoint containing total order Sobol’ indices
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11.5 Fitting test
11.5.1 TestResult

Usage : a TestResult is the result of a fitting test, of type NormalityTest or HypothesisTest.

Some methods :

getBinaryQualityMeasure
Usage : getBinaryQualityM easure()

Arguments : none

Value : a boolean value, indicating the succes of the test : 1 for succes and 0 for failure

getPValue
Usage : getPValue()

Arguments : none

Value : a real positive value, <1, the p-value of the test

getTestType

Usage : getTestType()
Arguments : none
Value : a string describing the type of the test

getThreshold

Usage : getThreshold()
Arguments : none

Value : a real positive value, < 1, the p-value threshold
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11.5.2 FittingTest

This class is used through its static methods in order to evaluate the adequation of samples to particular
distributions.

Some methods :

BestModel BIC
Usage :
FittingTest.BestM odel BIC (sample, factoryCollection)
FittingTest.Best M odel BIC (sample, distributionCollection)
Arguments :
sample : a NumericalSample, the sample which will be tested

factoryCollection : a FactoryCollection, the collection of factories which are the structures
which build the distribution from a sample

distributionCollection : a DistributionCollection, a collection of the distributions which will
be tested through the BIC criteria

Value : a Distribution, the best one according to the BIC criteria

BestModelChiSquared
Usage :
FittingTest. Best M odelChiSquared(sample, factoryCollection)
FittingTest. Best M odelChiSquared(sample, distributionCollection)
Arguments :
sample : a NumericalSample, the sample which will be tested

factoryCollection : a FactoryCollection, a collection of the factories which are the structures
which build distributions from a sample

distributionCollection : a DistributionCollection, the collection of the distributions which will
be tested through the Chi Squared criteria

Value : a Distribution, the best one according to the ChiSquared criteria

BestM odel K olmogorov
Usage :
FittingTest. BestM odel K olmogorov(sample, factoryCollection)
FittingTest. Best M odel K olmogorov(sample, distributionCollection)
Arguments :
sample : a NumericalSample, the sample which will be tested

factoryCollection : a FactoryCollection, a collection of the factories which are the structures
which build distributions from a sample

distributionCollection : a DistributionCollection, the collection of the distributions which will
be tested through the Kolmogorov criteria

Value : a Distribution, the best one according to the Kolmogorov criteria

BIC
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Usage :
FittingTest. BIC (sample, factory)
FittingTest. BIC(sample, distribution)
Arguments :
sample : a NumericalSample, the sample which will be tested

factory : a Factory, the structure which builds the distribution from the sample which will be
tested

distribution : a Distribution, which will be tested through the BIC criteria
Value : a real value, the BIC value of the distribution tested evaluated on the sample

ChiSquared
Usage :
FittingTest.ChiSquared(sample, factory,level)
FittingTest.ChiSquared(sample, distribution, level)
Arguments :
sample : a NumericalSample, the sample which will be tested

factory : a Factory, the structure which builds the distribution from the sample which will be
tested

distribution : a Distribution, which will be tested through the ChiSquared criteria

level : a real value, constraint : 0 < level < 1, such as 1 — level be the first type error of the
fitting test (the probability you reject the distribution tested whereas you should not have).
If not fulfilled, by default, level = 0.95.

Value : a TestResult, the structure which contains the result of the ChiSquared Test : the first
usage tests a type of distribution, the second one tests a particular distribution

Kolmogorov
Usage :
FittingTest.Kolmogorov(sample, factory, level)
FittingTest. K olmogorov(sample, distribution, level)
Arguments :
sample : a NumericalSample, the sample which will be tested
factory : a Factory, the structure which builds the distribution from the sample which will be
tested
distribution : a Distribution, which will be tested through the Kolmogorov criteria
level : a real value, constraint : 0 < level < 1, such as 1 — level be the first type error of the
fitting test (the probability you reject the distribution tested whereas you should not have).
If not fulfilled, by default, level = 0.95.
Value : a TestResult, the structure which contains the result of the Kolmogorov Test : the first
usage tests a type of distribution, the second one tests a particular distribution
GetLastResult() This method gives access to the TestResult associated to the best suited distribution,
among those tested. Thus, its method can be called after the methods BestM odel K olmogorov()
and BestModelChiSquared() have been applied. As the BestModelBIC() method is not based on a
statistical test, it does not produce a TestResult object and the GetLastResult() can not be called.
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11.5.3 VisualTest

This class is used through its static methods in order to graphically evaluate some hypothesis on samples :
independence or monotonous relation.

Some methods :

DrawClouds
Usage :
VisualT est. DrawClouds(samplel, dist)
VisualTest. DrawClouds(samplel, sample2)
Arguments :
samplel : a NumericalSample, drawn on the graph
sample2 : a NumericalSample, drawn on the graph
dist : a Distribution, the distribution which pdf is drawn

Value : a Graph, the structure which contains : one curve (pdf) and a cloud for the first usage or
two clouds in the second usage

DrawCobW eb
Usage :
VisualTest. DrawCobW eb(inputSample, outputSample, ...
...minV alue, maxzV alue, color)

VisualTest. DrawCobW eb(inputSample, outputSample, ...
...minValue, mazV alue, color, quantileScale Boolean)

Arguments :

inputSample : a NumericalSample of dimension n, the sample of the X data,

outputSample : a NumericalSample of dimension 1, the sample of the Y data,

minValue : a real valued, which must be in [0, 1] if quantileScaleBoolean = True or not
specified,

maxValue : a real valued, such that mazValueWminValue and which must be in [0, 1] if
quantileScale Boolean = True or not specified,

color : a String, the color of the specified curves

quantileScaleBoolean : a Boolean which indicates the scale of the minValue and maxV alue.
If quantileScale Boolean = True, they are expressed in the rank based scale; otherwise, they
are expressed in the Y-values scale. By default, quantileScale Boolean = True.

Value : a Graph, the structure which contains the graph : one line for each point and the specific
lines colored in color.

DrawEmpirical CDF
Usage : VisualTest.DrawEmpiricalCDF (sample, x Min, xMax)
Arguments :
sample : a NumericalSample, drawn on the graph
xMin : a real value, the lower boundary of the graph
xMax : a real value, the upper boundary of the graph, must be > xMin
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Value : a Graph, the structure which contains : one staircase curve which is the empirical cdf of
the sample

DrawHenryLine

Usage : VisualTest.DrawH enryLine(sample)
Arguments : sample : a NumericalSample, drawn on the graph

Value : a Graph, the structure which contains the graph : one line (the first diagonal corresponding
to the normal distribution (0,1)) and a cloud corresponding to the sample

DrawHistogram
Usage :
VisualTest. DrawHistogram(sample, bar Number)
VisualTest. DrawHistogram(sample)
Arguments :
sample : a NumericalSample which histogramm is drawn

bar Number : an integer, the number of barplots used to draw the histogram. If not specified,
it is automatically determined by Open TURNS according to the Silverman rule

Value : a Graph, the structure which contains the graph : one curve and a cloud for the first usage
or 2 clouds for the second one

DrawKendall Plot
Usage :
VisualTest. DrawK endall Plot(data, copula)
VisualTest. Draw K endall Plot(samplel, sample2)
Arguments :
data : a bidimensional NumericalSample

copula : a bidimensional copula that we want to test visually as a possible dependence structure
for the data.

samplel : a bidimensional NumericalSample

sample2 : another bidimensional NumericalSample. We want to test visually if these two
samples shares the same copula.

Value : a Graph, the structure which contains the graph : the Kendall curve that we compare to
the main diagonal. The farther the curve is from the diagonal, the more different are the two
dependence structures.

DrawLinear Model ResidualT est

Usage : VisualTest.DrawLinear M odel ResidualT est(samplel, sample2, ...
.linear Model)
Arguments :
samplel : a NumericalSample, X, of dimension 1

sample2 : a NumericalSample, Y, of dimension 1, which is scalar described by a linear model
from X : Y =aX + b, a and b real values

linear Model : a LinearModel, the regression model
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Value : a Graph, the structure which contains the cloud of the residual values, couples (residual i,
residual i+1)

DrawLinear ModelVisualT est

Usage : VisualTest.DrawLinear M odelVisualTest(samplel, sample2, ...
..linear Model)

Arguments :

samplel : a NumericalSample, X, of dimension 1

sample2 : a NumericalSample, Y, of dimension 1, which is described by a linear model from

X Y =aX 4+ b, a and b real values

linear M odel : a LinearModel, the regression model

Value : a Graph, the structure which contains the cloud of points (X;,Y;) and the linear model line

Y=aX+b
Draw@Qplot
Usage :

VisualTest. DrawQQplot(samplel, sample2)

VisualTest. DrawQQplot
VisualTest. DrawQQplot(samplel, distribution, point Number)

(
VisualTest. Draw@QQplot(samplel, sample2, point N umber)
(samplel, distribution)
(
Arguments :
samplel : a NumericalSample, used to build on the graph
sample2 : a NumericalSample, used to build the graph
distribution : a Distribution, the distribution which pdf is drawn
point Number : an integer, the number of points used to build the graph, equal to 20 by default

Value : a Graph, the structure which contains the corresponding empirical fractiles between the
two samples in the two first usages, or between the sample and the distribution in the two last
usages
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11.5.4 NormalityTest

This class is used through its static methods in order to evaluate whether the sample follows a normal distri-
bution. These two tests give more importance to extreme values.

Some methods :

AndersonDarling N ormal
Usage :
Normality.AndersonDarling N ormal(sample)
Normality.AndersonDarling N ormal(sample, level)
Arguments :
sample : a NumericalSample, of dimension 1 : the sample tested

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default

Value : a TestResult, the structure which contains the result of the test.

Details : the AndersonDarlingNormal Test is used to check whether the sample follows a normal
distribution. This test gives more importance to extreme values

CramerVonMisesNormal
Usage :
Normality.CramerVonMisesNormal(sample)
Normality.CramerVonMisesNormal(sample, level)
Arguments :
sample : a NumericalSample, of dimension 1 : the sample tested

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default

Value : a TestResult, the structure which contains the result of the test.

Details : the CramerVonMisesNormal Test is used to check whether the sample follows a normal
distribution. This test gives more importance to extreme values
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11.5.5 HypothesisTest

This class is used through its static methods in order to evaluate some hypothesis on samples : independence
or monotonous relation.

Some methods :

ChiSquared

Usage :
HypothesisTest.ChiSquared( firstSample, secondSample)
HypothesisTest.ChiSquared( firstSample, secondSample, level)

Arguments :
firstSample : a NumericalSample, of dimension 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested
level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be

< 1, equal to 0.95 by default
Value : a TestResult, the structure which contains the result of the test
Details : the ChiSquared Test is used to check whether two discrete samples are independent

FullPearson

Usage :
HypothesisTest.Full Pearson( firstSample, secondSample)
HypothesisTest.Full Pearson( firstSample, secondSample, level)

Arguments :
firstSample : a NumericalSample, of dimension n > 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested
level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be

< 1, equal to 0.95 by default
Value : a TestResultCollection, the structure which contains the results of the successive tests.

Details : the FullPearson Test is the independence Pearson test between 2 samples : firstSample of
dimension n and secondSample of dimension 1. If firstSampleli] is the numerical sample extracted
from firstSample (ith coordinate of each point of the numerical sample), FullPearson performs
the Independence Pearson test simultaneously on firstSampleli| and secondSample. For all i, it
is supposed that the couple (firstSample[i] and secondSample) is issued from a gaussian vector.

FullRegression
Usage :
HypothesisTest.Full Regression( firstSample, secondSample)
HypothesisTest.Full Regression( firstSample, secondSample, level)
Arguments :
firstSample : a NumericalSample, of dimension n > 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default.
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Value : a TestResultCollection, the structure which contains the results of the successive tests.

Details : the FullRegression Test is used to check the quality of the linear regression model between
two samples : firstSample of dimension n and secondSample of dimension 1. If firstSamplel[i] is
the numerical sample extracted from firstSample (ith coordinate of each point of the numerical
sample), FullRegression performs the linear regression test simultaneously on all firstSampleli]
and secondSample. The linear regression test tests if the linear regression model between two
scalar numerical samples is significant. It is based on the deviation analysis of the regression.
The Fisher distribution is used.

FullSpearman
Usage :
HypothesisTest. FullSpearman( firstSample, secondSample)
HypothesisTest.FullSpearman( firstSample, secondSample, level)
Arguments :
firstSample : a NumericalSample, of dimension n > 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default.

Value : a TestResultCollection, the structure which contains the results of the successive tests.

Details : the FullSpearman Test is used to check the hypothesis of monotonous relation between
samples : firstSample of dimension n and secondSample of dimension 1. If firstSample[i] is the
numerical sample extracted from firstSample (ith coordinate of each point of the numerical sam-
ple), FullSpearman performs the Independence Spearman test simultaneously on all firstSampleli]
and secondSample.

Partial Pearson
Usage :
HypothesisTest.Partial Pearson( firstSample, secondSample, selection)
HypothesisTest.Partial Pearson( firstSample, secondSample, selection, level)
Arguments :
firstSample : a NumericalSample, of dimension n > 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

selection : a Indices, array of integers selecting the indices of the coordinates of the first sample
which will successively be tested with the second sample through the Pearson Test

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default.
Value : a TestResultCollection, the structure which contains the results of the successive tests.
Details : the PartialPearson Test is the independence Pearson test between 2 samples : firstSample
of dimension n and secondSample of dimension 1. If firstSample[i] is the numerical sample
extracted from firstSample (ith coordinate of each point of the numerical sample), PartialPearson
performs the Independence Pearson test simultaneously on firstSampleli] and secondSample, for
i in the selection. For all i, it is supposed that the couple (firstSample[i] and secondSample) is
issued from a gaussian vector.
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Partial Regression
Usage :
HypothesisTest.Partial Regression( firstSample, secondSample, ...
...selection)
HypothesisTest.Partial Regression( firstSample, secondSample, ...
...selection, level)
Arguments :
firstSample : a NumericalSample, of dimension n > 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

selection : a Indices, array of integers selecting the indices of the coordinates of the first sample
which will successively be tested with the second sample through the Regression Test

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default.

Value : a TestResult, the structure which contains the result of the test.

Details : the PartialRegression Test is used to check the quality of the linear regression model
between two samples : firstSample of dimension n and secondSample of dimension 1. If first-
Sampleli| is the numerical sample extracted from firstSample (ith coordinate of each point of the
numerical sample), PartialRegression performs the Regression test simultaneously on all first-
Sampleli|] and secondSample, for i in the selection. The linear regression test tests if the linear
regression model between two scalar numerical samples is significant. It is based on the deviation
analysis of the linear regression. The Fisher distribution is used.

Partial Spearman
Usage :
HypothesisTest.Partial Spearman( firstSample, secondSample, ...
...selection)
HypothesisTest.Partial Spearman( firstSample, secondSample, ...
...selection, level)
Arguments :
firstSample : a NumericalSample, of dimension n > 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

selection : a Indices, array of integers selecting the indices of the coordinates of the first sample
which will successively be tested with the second sample through the Spearman Test

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default.

Value : a TestResultCollection, the structure which contains the results of the successive tests.

Details : the PartialSpearman Test is used to check the hypothesis of monotonous relation between
samples : firstSample of dimension n and secondSample of dimension 1. If firstSamplel[i] is the nu-
merical sample extracted from firstSample (ith coordinate of each point of the numerical sample),
PartialSpearman performs the Independence Spearman test simultaneously on firstSample[i] and
secondSample, for i in the selection.

Pearson

Usage :
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HypothesisTest.Pearson(firstSample, secondSample)
HypothesisTest.Pearson( firstSample, secondSample, level)

Arguments :
firstSample : a NumericalSample, of dimension 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default.

Value : a TestResult, the structure which contains the result of the test.

Details : the Test is used to check whether two samples which form a gaussian vector are indepen-
dent (based on the evaluation of the linear correlation coefficient).

Smirnov
Usage :
HypothesisTest.Smirnov(firstSample, secondSample)
HypothesisTest.Smirnov( firstSample, secondSample, level)
Arguments :
firstSample : a NumericalSample, of dimension 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default.

Value : a TestResult, the structure which contains the result of the test.

Details : the Smirnov Test is used to check whether two continuous scalar samples (of sizes not
necessarily equal) follow the same distribution.

Spearman
Usage :
HypothesisTest.Spearman( firstSample, secondSample)
HypothesisTest.Spearman( firstSample, secondSample, level)
Arguments :
firstSample : a NumericalSample, of dimension 1 : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be< 1,
equal to 0.95 by default.

Value : a TestResult, the structure which contains the result of the test.

Details : the Spearman Test is used to check whether two scalar samples have a monotonous rela-
tion.
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11.5.6 LinearModelTest

This class is used through its static methods in order to evaluate the quality of the linear regression model
between two samples (see 11.6). The linear regression model between the scalar variable Y and the n-dimensional
one X = (Xj)i<n, as follows :
n
?=a0+ZGiX¢+6
i=1

where ¢ is the residual, supposed to follow the Normal(0.0, 1.0) distribution.

In the following, firstSample is a numerical sample from X = (X;);<, and secondSample from Y.

Some methods :

LM AdjustedRSquared
Usage :
Linear ModelTest. LM Adjusted RSquared( firstSample, ...
...secondSample)
Linear ModelTest.LM Adjusted RSquared( firstSample, ...
...secondSample, level)
Arguments :
firstSample : a NumericalSample, of dimension n : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested
level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default
Value : a TestResult, the structure which contains the result of the test

Details : The LMAdjustedRSquared test tests the quality of the linear regression model. It evalu-
ates the indicator R? adjusted (regression variance analysis) and compares it to a level,

LM Fisher

Usage :
Linear ModelT est. LM Adjusted RSquared( firstSample, ...
...secondSample)
Linear ModelTest. LM Adjusted RSquared( firstSample, ...
...secondSample, level)
Arguments :
firstSample : a NumericalSample, of dimension n : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested
level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default
Value : a TestResult, the structure which contains the result of the test

Details : The LMFisher Test tests the nullity of the regression linear model coefficients (Fisher
distribution used)

LM RSquared
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Usage :
Linear M odelT est. LM Adjusted RSquared( firstSample, secondSample)
Linear ModelTest. LM Adjusted RS quared( firstSample, ...
...secondSample, level)
Arguments :
firstSample : a NumericalSample, of dimension n : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default

Value : a TestResult, the structure which contains the result of the test

Details : The LMRSquared test tests the quality of the linear regression model. It evaluates the
indicator R? (regression variance analysis) and compares it to a level,

LM Residual Mean
Usage :
Linear M odelT est. LM Adjusted RSquared( firstSample, secondSample)
Linear ModelTest. LM Adjusted RS quared( firstSample, secondSample, level)
Arguments :
firstSample : a NumericalSample, of dimension n : the first sample tested
secondSample : a NumericalSample, of dimension 1 : the second sample tested

level : a positive real value, the threshold p-value of the test ( = 1- first type risk), must be
< 1, equal to 0.95 by default

Value : a TestResult, the structure which contains the result of the test

Details : The LMResidualMean Test tests, under the hypothesis of a gaussian sample, if the mean
of the residual is equal to zero. It is based on the Student test (equality of mean for two gaussian
samples).
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11.6 Linear model
11.6.1 LinearModelFactory

This class is used in order to create a linear model from numerical samples. The linear regression model between
the scalar variable Y and the n-dimensional one X = (X;);<, writes as follows :

n
Y/ZCLO‘FZCM’Xi‘l—&
=1
where € is the residual, supposed to follow the Normal(0.0, 1.0) distribution.

Each coefficient a; is evaluated from both samples Ysample and Xsample and is accompagnied by a confidence
interval and a p-value (which tests if they are significantly different from 0.0).

In the following, firstSample is a numerical sample from X = (X;)i<, and secondSample from Y.

This class enables to test the quality of the model. It provides only numerical tests. If X is scalar, a graphical
validation test exists, that draws the residual couples (g;,£;+1), where the residual ¢; is evaluated on the

samples (Xsample, Ysample) : e; = Y sample; — Y; with Y; = ag + a1 X sample;. The Open TURNS method is
DrawLMResidualtest, provided by the VisualTest class (see 11.5.3).

Usage : Linear Model Factory()
Arguments : none

Some methods :

build
Usage :
build(sampleX, sampleY’)
build(sampleX, sampleY, level)
Arguments :
sampleX : a NumericalSample, of dimension n > 1
sampleY : a NumericalSample, of dimension 1

level : the level value of the confidence intervals of each coefficient of the linear model, equal
to 0.95 by default

Value : a LinearModel, the linear model built from the samples (sampleX, sampleY) : Y = ag +
o, a;X; + e, where ¢ is the random residual with zero mean.
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11.6.2 LinearModel

Usage : A LinearModel is created through the method build of a LinearModelFactory.

Some methods :

getCon fidencelntervals

Usage : getCon fidencelntervals()
Arguments : none

Value : a ConfidencelntervalPersistentCollection, the collection of the confidence intervals of the
linear model coefficients, corresponding to the level precised when the LinearModel class has
been created through the method build

getPValues
Usage : getPValues()
Arguments : none

Value : a NumericalScalarPersistentCollection, the collection of the p-values of the linear model
coefficients

getPredict
Usage : getPredict(sampleX)
Arguments : sampleX : a NumericalSample, the sample we want to evaluate the response Y on

Value : a NumericalSample, of dimension 1, the response Y evaluated through the linear model on
the sample sample X

getRegression
Usage : getRegression()
Arguments : none
Value : a NumericalPoint, the coefficients of the linear model : (ag, a1, - ,an)

get Residual
Usage : getResidual(sampleX, sampleY’)
Arguments :
sampleX : a NumericalSample, the sampleX on which the linear model has been built
sampleY : a NumericalSample, the sampleY on which the linear model has been built

Value : a NumericalPoint, the residuals
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12

Stochastic process

In this section a description of all general objects is given.
The notion of stochastic process induces many classes. This part is organized as following :

we focuse on the presentation of both the Process, RegularGrid, TimeSeries and ProcessSample class.
These objects are used in the different following sections.

We quickly present the Composite Process class,
We present the ARM A class and its specific objects,

The Normal Process is presented both with its specific objects and its two variantes (T'emporal N ormal Process
and Spectral Normal Process).

The W hiteNoise is presented.

Finally the RandomW alk is presented.

Be aware of the fact that for some uses in the TUI, it is necessary to explicitely cast a given process into the
general Process class.
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12.1 General common objects
12.1.1 Process
Usage :

Process(process)

Arguments :

process : a ProcessImplementation (which is a particular Process)

Value : a Process

This class enables to modelize a stochastic process.

Some methods :

getDescription

Usage : getDescription()
Arguments : none

Value : a string, the description of the process

getDimension

Usage : getDimension()
Arguments : none
Value : an integer, the dimension of the stochastic process

getName

Usage : getName()
Arguments : none
Value : a string, the name of the Process

getRealization

Usage : getRealization()
Arguments : none

Value : a TimeSeries, one realization of the considered random process

getMarginal Process

Usage : getMarginal Process(k)
Arguments : k, an integer

Value : a Process, the k — th marginal of the random process

getSample
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Usage : getSample(n)
Arguments : n, an integer

Value : a ProcessSample , n realizations of the random process

getTimeGrid
Usage : getTimeGrid()

Arguments : none

Value : a RegularGrid, the timeGrid over which the process is observed

1sComposite
Usage : isComposite()
Arguments : none

Value : a boolean. Tells if the process is composite (built upon a function and a process).

1sStationary

Usage : isStationary()
Arguments : none
Value : a boolean, true if the process is stationary, false otherwise

isNormal

Usage : isNormal()
Arguments : none

Value : a boolean, true if the process is Normal, false otherwise

setDescription

Usage : setDescription(description)
Arguments : description, a Description
Value : none. Set a description to the process

setName

Usage : setName(name)
Arguments : name : a string

Value : the Process is named name

setTimeGrid

Usage : setTimeGrid(timeGrid)
Arguments : timeGrid, a RegularGrid
Value : Fix the time grid of observation of the process
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12.1.2 RegularGrid
Usage :

RegularGrid()
RegularGrid(tyrin, At, N)

Arguments :

tarin @ NumericalScalar, the initial time
N : an integer, the number of time stamps

At : a NumericalScalar, the step of the regular grid such as the k — th time stamp of the time grid is t
= tarin + kx A

Value : RegularGrid
the RegularGrid is filled by fixing the step AT; the final time corresponds to tari, + (N — 1) x A

Some methods :

getN
Usage : getN()
Arguments : none
Value : an integer : the number of time stamps

getStart
Usage : getStart()
Arguments : none
Value : a NumericalScalar : the initial time of the RegularGrid

getEnd
Usage : getEnd()
Arguments : none
Value : a NumericalScalar : the first time stamp out of the RegularGrid

getStep
Usage : getStep()
Arguments : none
Value : a NumericalScalar : the time step of the RegularGrid

getName
Usage : getName()
Arguments : none
Value : a string, the name of the RegularGrid

setName
Usage : setName(name)
Arguments : name : a string
Value : the time grid is named name
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12.1.3 TimeSeries
Usage :

TimeSeries()

TimeSeries(timeGrid, sample)
Arguments :

timeGrid : a RegularGrid, the time values on which the realizations are observed

sample : a NumericalSample, the data values
Value : TimeSeries
the TimeSeries is filled with a time values issued by timeGrid and a values issued from sample

Some methods :

drawM arginal
Usage : drawMarginal(i)
Arguments : an integer
Value : a Graph of the ¢ — th marginal as function of time

getDimension

Usage : getDimension()
Arguments : none

Value : an integer : the dimension of the TimeSeries

getTemporal Mean
Usage : getTemporalMean()

Arguments : none
Value : a NumericalPoint : compute the temporal mean which corresponds to the mean of its values

getTimeGrid

Usage : getTimeGrid()
Arguments : none
Value : a RegularGrid : the time stamps of observation

getValueAtIndex

Usage : getValueAtIndex(k)
Arguments : an integer
Value : a NumericalPoint : the k — th value of the TimeSeries

getValueAtNearestTime

Usage : getValueAtNearestTime(t)
Arguments : a NumericalScalar
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Value : a NumericalPoint : the value of the TimeSeries observed at time ¢

getNumerical Sample

Usage : get Numerical Sample()
Arguments : none
Value : a NumericalSample : the data of the TimeSeries

getName

Usage : getName()
Arguments : none
Value : a string, the name of the TimeSeries

setValueAtIndex

Usage : setValueAtIndex(i,np)
Arguments : an integer, a NumericalPoint

Value : None ; the value np is set at the index @

setValueAtNearestTime

Usage : setValueAtNearestTime(t, np)
Arguments : a NumericalScalar, a NumericalPoint

Value : None ; the value np is set at the index which corresponds to the nearest time ¢

setName

Usage : setName(name)
Arguments : name : a string

Value : the TimeSeries is named name
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12.1.4 ProcessSample
Usage :
ProcessSample()
(
(
(

ProcessSample(collection)

ProcessSample(timeGrid, size, dimension)

ProcessSample(size, timeSeries)

Arguments :

timeGrid : a RegularGrid
size : an integer, size of the ProcessSample
dimenston : an integer, dimension of the ProcessSample

collection : a TimeSeriesCollection, collection of TimeSeries with the same timeGrid
Value : ProcessSample
while using the second parameters set, the ProcessSample has timeGrid as grid of time stamps, its size

and dimension are fixed (sample is filled with values are zero)

while using the third parameters set, the ProcessSample is filled with size copies of the TimeSeries
timeSeries

while using the fourth parameters set, the ProcessSample is filled with the collection of TimeSeries (with
common RegularGrid)

Some methods :

drawM arginal
Usage : drawMarginal(i)
Arguments : an integer

Value : a Graph of the ¢ — th marginals as function of time

getDimension

Usage : getDimension()
Arguments : none
Value : an integer : the dimension of the ProcessSample

getSize
Usage : getSize()
Arguments : none
Value : an integer : the size of the ProcessSample

getTimeGrid
Usage : getTimeGrid()

Arguments : none
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Value : a RegularGrid : the time stamps of observation of the ProcessSample

add
Usage : add(timeSeries)

Arguments : timeSeries, a TimeSeries

Value : Extend the ProcessSample by adding timeSeries to the collection (the TimeSeries should
have the same time grid as the ProcessSample). The new size of the sample is updated

computeMean

Usage : computeMean()
Arguments : none

Value : a TimeSeries : the mean of the ProcessSample. Its k — th time stamp is the mean value of
the £ — th time stamp of all its TimeSeries

computeQuantile PerComponent

Usage : computeQuantile PerComponent(prob)
Arguments : prob: a real value in (0, 1).

Value : a TimeSeries with size and dimension parameters the same as the ProcessSample’s ones.
The values at a given time index are component-wise estimates of the quantiles of level prob of
the underlying process at this time value, using the empirical quantile.

computeT emporal M ean

Usage : computeTemporal Mean()
Arguments : none

Value : a NumericalSample with size and dimension parameters the same as the ProcessSample’s
ones. The k — th value corresponds to the temporal mean of the & — th TimeSeries of the
ProcessSample

getName

Usage : getName()
Arguments : none
Value : a string, the name of the ProcessSample

setName

Usage : setName(name)
Arguments : name : a string

Value : the ProcessSample is named name
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12.1.5 TimeSeriesCollection
Usage :

TimeSeriesCollection()
TimeSeriesCollection(size)

TimeSeriesCollection(size,ts)

Arguments :

size : an integer, the size of the collection (number of elements that it contains)

ts : a TimeSeries
Value : a TimeSeriesCollection, collection of TimeSeries

while using the second parameters set, the TimeSeriesCollection is filled with size copy of the TimeSeries
ts

Some methods :

add
Usage : add(ts)
Arguments : TimeSeries
Value : Add ts to the collection of TimeSeries

clear

Usage : clear()
Arguments : None
Value : Remove all elements of the collection. The new size is 0

getSize
Usage : getSize()

Arguments : none

Value : an integer : the size of the collection

resize
Usage : resize(n)
Arguments : an integer
Value : Fix the new size of the collection
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12.2
12.2.1
This cl

Usage :

Temporal information
CovarianceModel

ass is the interface of Covariance M odelImplementation.

Covariance M odel (myCovarianceM odel Implementation)

Arguments : myCovariance ModelImplementation : the implementation of a covariance model. For exam-
ple, a stationary covariance model, as the Exponential one.

Value :

Some

a CovarianceModel

methods :

getDimension

Usage : getDimension()
Arguments : none

Value : an integer, the dimension of the model d

isStationary
Usage : isStationary()
Arguments : none
Value : a boolean, true if the model is stationary

computeCovariance
Usage :
computeCovariance(t, s)
computeCovariance(r)
Arguments : t,s: NumericalScalar

7 : NumericalScalar

|

Value : a CovarianceMatrix € Mg, 4(R) that evaluates the covariance model between time stamps
t and s :

C(s,t) = E [(X, —m(s) (X, —m(t))"]

where m is the mean fucntion defined for all ¢ > 0 by m(t) = E[X,].
In the second usage, the covariance model must be stationary.

discretizeCovariance

Usage : discretizeCovariance(tg)
Arguments : tg : a RegularGrid, the time grid (to,...,t,—1) of size n
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Value : a CovarianceMatrix € M, gxnd(R) (if the process is of dimension d) makes a discretization
of the model on the time grid tg and returns the covariance matrix :

C(to,to) Clto,t1) ... Clto,tn-1)
o Q(tl,tl) Q(tl,tn_l)
e (16)
g(tn—h tn—l)

getName
Usage : getName()

Arguments : none

Value : a string, the name of the CovarianceModel

setName

Usage : setName(name)
Arguments : name : a string

Value : the CovarianceModel, named name
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12.2.2 StationaryCovarianceModel

This class inherits from CovarianceModel. This class is not used alone.

Usage : StationaryCovariance M odel()
Arguments : none.
Value : a StationaryCovarianceModel. For example, the Exponential one.

description : The covariance matrix C(s,t) is stationnary when it only depends on ¢ — s :

V(s,t,h) >0, C(s,s+h)=C(t,t+h) (17)
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12.2.3 ExponentialModel

This class inherits from StationaryCovariance Model class. The Exponential model defines the covariance
function C***(7) such that :

vreR, C(r) = \JA(r)R\/A() (18)
where ale*/\llﬂ/?
A(r) = 0 (19)
0 age—alrl/2

and R a spatial correlation matrix such that :

VteR, Cor(X(t) =R (20)

where \; > 0 and a; > 0 for all <.

It is possible to define the exponential model from the spatial covariance function C**(7) defined in

VteR, E[X(H)X'(t)]=C" (21)
since we have the relation :
C°=ARA (22)
where
aj

0 .

The spectral model associated is the Cauchy model (12.3.2).

Usage :

Exponential M odel()
(
(
(

Exponential M odel(amplitude, scale, spatial Covariance)

Exponential M odel(amplitude, scale)

Exponential M odel(amplitude, scale, spatial Correlation)

Arguments :

amplitude : a NumericalPoint of dimension d, the amplitude a of the model,
scale : a NumericalPoint of size d, the scale A of the model,
spatialCorrelation : a CorrelationeMatrix of dimension d x d, the correlation matrix R,

spatialCovariance : a CovarianceMatrix of dimension d X d, the correlation matrix C?®.

Value : an ExponentialModel
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in the first usage, we fix dimension to 1, scale, amplitude and spatialCorrelation to 1.0

in the second usage, we fix the scale a and the amplitude A. By default, the spatial correlation matrix

R is Id(d). The dimension d is deduced.

in the third usage, we fix the scale a, the amplitude A and the spatial correlation matrix & . The
dimension d is deduced.

in the last usage, we fix the scale a, the amplitude A and the spatial covariance matrix C* . The dimension

d is deduced.

Some methods :

get Amplitude
Usage : get Amplitude()
Arguments : none
Value : a NumericalPoint, the amplitude a of the Exponential model.

getScale
Usage : getScale()
Arguments : none
Value : a NumericalPoint, the scale A of the Exponential model.

getSpatialCorrelation
Usage : getSpatialCorrelation()
Arguments : none

Value : a CorrelationeMatrix, the spatial correlation matix R which gives the correlation between
the i-th and j-th components at each instant .
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12.3 Spectral information

We recall that If X(w,t) is a stationary process, we define the bilateral spectral density function S(f) €
M(R? x R™) as the Fourier transform of the covariance function C**** :

VfeER, S(f) = /Rexp{—infT}CSt“t(T) dr (24)

and the wunilateral spectral density function G(f) defined by :
Vf=0,G(f) =25(f) (25)
Inversely, the covariance function QStat may be evaluated from the spectral density function S(f) if S is
LY (Mgq(C)) as follows :
coei(r) = [ exp (2inr) () (26)
= & 2

12.3.1 SpectralModel

This class is the interface of SpectralModellmplementation.

Usage : Spectral M odel(mySpectral M odelImplementation)

Arguments : mySpectral ModelImplementation : the implementation of a spectral model. For example, the
Cauchy model.

Value : a SpectralModel

Some methods :

getDimension
Usage : getDimension()
Arguments : none
Value : an integer, the dimension of the model d

computeSpectral Density

Usage : computeSpectral Density(f)
Arguments : f, a NumericalScalar

Value : an HermitianMatrix of size d, computes the unilateral spectral function G(f) at the fre-
quency f (f >0)

getName

Usage : getName()
Arguments : none
Value : a string, the name of the SpectralModel
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setName
Usage : setName(name)
Arguments : name : a string
Value : the SpectralModel, named name
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12.3.2 CauchyModel

This class inherit from SpectralModel class. It implements the spectral model associated to the Exponential
covariance model detailed in (12.2.3). The spectral density fucntion is defined by :
4Rijaiaj()\i + )\j)

S9U) = B, + (P 0

where R, a and ) are the parameters of the Exponential covariance model. The relation (?7) can be explicited
with the spatial covariance function C***(7) defined in (22).

Usage :

CauchyM odel()

CauchyModel (amplitude, scale)

CauchyModel (amplitude, scale, spatial Correlation)
(

Cauchy M odel (amplitude, scale, spatial Covariance)

Arguments :

amplitude : a NumericalPoint of size d, the amplitude of the model in each dimension,
scale : a NumericalPoint of size d, the scale of the model in each dimension,

spatialCorrelation : a CorrelationeMatrix of size d x d, the correlation between ¢ — th and j — th
dimension,

spatialCovariance : a CovarianceMatrix of dimension d x d, the correlation matrix C*.

Value : an CauchyModel

in the first usage, we fix dimension to 1, scale, amplitude and spatialCorrelation to 1.0

in the second usage, we fix the dimension d, scale and amplitude values. Correlation used here is
IdentityMatrix(d)

in the third usage, we fix the dimension, scale, amplitude and correlation.

in the last usage, we fix the scale a, the amplitude A and the spatial covariance matrix C* . The dimension

d is deduced.

Some methods :

get Amplitude
Usage : get Amplitude()

Arguments : none

Value : a NumericalPoint, the amplitude of the Cauchy model in each dimension

getScale
Usage : getScale()
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Arguments : none
Value : a NumericalPoint, the scale of the model in each dimension

getSpatialCorrelation

Usage : getSpatialCorrelation()
Arguments : none
Value : a CorrelationeMatrix, the correlation between the i-th and j-th dimension
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12.3.3 UserDefinedSpectralModel

This class inherits from SpectralModel.

Usage :

UserDe finedSpectral M odel()
User De finedSpectral M odel( frequency, densityCollection Function)

Arguments :

frequency : a RegularGrid which containing the frequency values on which the model has been built;

densityCollection Function : a collection of HermitianMatrix of size d, the density functions of the
Spectral M odel

Value : a UserDefinedSpectralModel

in the second usage, we fix the spectral density function over the frequency grid frequency

Description : The class enables user to quickly implement a Spectral M odel from retrn of experience in their
area by fixing a regular frequency grid and matrices collection.
This class is also used for the estimation of a Spectral M odel

12.3.4 SpectralModelFactory
Usage :

Spectral M odel Factory()

Value : a SpectralModelFactory

The default implementation refers to the WelchFactory class

Some methods :

get P FT Algorithm
Usage : get FFT Algorithm()

Arguments : none
Value : a FFT, the used FFT algorithm for the Fourier transform

setF'FT Algorithm

Usage : setF'FT Algorithm(f ft)
Arguments : an FFT
Value : set fft as the algorithm for the Fourier transform
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build
Usage : build(sample)
Arguments : a ProcessSample
Value : a SpectralModel. Build an estimation of a SpectralModel on the sample.

build
Usage : build(timeSerie)
Arguments : a TimeSeries
Value : a SpectralModel. Build an estimation of a SpectralModel on the timeSerie.
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12.3.5 WelchFactory
This class inherits from Spectral M odel Factory. It implements the Welch method.
Usage :

WelchFactory()
WelchFactory(window, bloc, overlap)

Value : a WelchFactory

With the first usage, the Hanning is fixed as the window, the number of blocs is 1 and overlap = 0

In the second usage, we fix the filtering window, the number of blocs and the overlap parameter

Some methods :

getFlilteringWindows
Usage : getFilteringWindows()
Arguments : none
Value : a FilteringWindows. The used window algorithm

setFilteringWindows
Usage : setFilteringWindows(window)
Arguments : window, a FilteringWindows
Value : Set window as the FilteringWindows

getBloc
Usage : getBloc()
Arguments : none
Value : an integer. The number of blocs of the Welch method

setBloc
Usage : setBloc(bloc)
Arguments : bloc, an integer
Value : Set the number of blocs

getOverlap
Usage : getOverlap()
Arguments : none
Value : an integer. The size of overlap within the Welch method

setOverlap

Usage : setOverlap(overlap)
Arguments : overlap, an integer
Value : Set the size of the overlap
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12.3.6 FilteringWindows
Usage :

FilteringWindows()

Value : a FilteringWindows

The FilteringWindows is built over the interval [0, 1]. This class is the interface of FilteringWindowsImplemen

Some methods :

() operand
Usage : (a)
Arguments : «, a NumericalScalar
Value : a NumericalScalar, the evaluation of the filtering windows on «

getName
Usage : getName()

Arguments : none

Value : a string, the name of the filtering windows

setName

Usage : setName(name)
Arguments : name, a string

Value : the filtering windows is named name
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12.3.7 Hanning

The Hanning filtering windows inherits from the FilteringWindows class

Usage :

Hanning()

Value : a Hanning

Description :

The Hanning windows is implemented using the formula w(t) = /% x sin(wt)? for t € [0,1], 0 otherwise.
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12.3.8 Hamming
The Hamming filtering windows inherits from the FilteringWindows class
Usage :

Hamming()

Value : a Hamming

Description :

The Hamming windows is implemented using the formula :

_ : _ 1.0
The formula is available for t € [0,1]. Otherwise, the filtering windows is zero.
The normalization C' is done such as fol w(t)?dt =1
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12.4 Link Temporal - Spectral information
12.4.1 SecondOrderModel

The class is the interface of SecondOrderModellmplementation.
This aims at regrouping a StationaryCovarianceModel and a Spectral Model that are in correspondence.
The issued SecondOrderModel both has spectral and covariance functions.

Usage :

SecondOrderModel()
SecondOrder M odel (stationaryCovariance M odel, spectral Model)

Arguments :

Value : a SecondOrderModel

Some methods :

The methods of the SecondOrderModel are both those implemented for StationaryCovarianceModel and
SpectralModel.

getDimension

Usage : getDimension()
Arguments : none

Value : an integer, the dimension of the model d

computeCovariance

Usage : computeCovariance(tau)
Arguments : ¢t : NumericalScalar

Value : a CovarianceMatrix of size d x d, computes the covariance function for different tau

discretizeCovariance

Usage : discretizeCovariance(tg)
Arguments : tg : a RegularGrid

Value : a CovarianceMatrix (of size d x n), with n the size of the time grid, which is the discretization
of the covariance fucntion on the time grid tg.

computeSpectral Density

Usage : computeSpectral Density(f)
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Arguments : f, a NumericalScalar

Value : an HermitianMatrix of size d X d, computes the unilateral spectral density model G at the

frequency f (f >0)

getSpectral M odel

Usage : getSpectralModel()
Arguments : none

Value : a SpectralModel, the spectral model of the SecondOrderModel

setSpectral M odel

Usage : setSpectral Model(spectral Model)
Arguments : a SpectralModel
Value : set spectralModel as the spectral model of the SecondOrderModel

getStationaryCovariance M odel

Usage : getStationaryCovariance Model()
Arguments : none

Value : a StationaryCovarianceModel, the covariance function of the SecondOrderModel

setStationaryCovariance M odel

Usage : setStationaryCovariance M odel(covarianceModel)
Arguments : a StationaryCovarianceModel

Value : sets covarianceModel as the covariance function of the SecondOrderModel

getName

Usage : getName()
Arguments : none

Value : a string, the name of the SecondOrderModel

setName

Usage : setName(name)
Arguments : name : a string

Value : the SecondOrderModel, named name
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12.4.2 ExponentialCauchy

This class inherit from SecondOrderModel class.
It aims at regrouping the Exponential Model of the covariance fucntion defined in (12.2.3) and the Cauchy
Model for the spectral density fucntion defined in (12.3.2).

Usage :

ExponentialCauchy()
(
(
(

Exponential Cauchy(amplitude, scale, spatial Covariance)

Exponential Cauchy(amplitude, scale)

Exponential Cauchy(amplitude, scale, spatial Correlation)

Arguments :

amplitude : a NumericalPoint of size d, the amplitude of the model in each dimension.
scale : a NumericalPoint of size d, the scale of the model in each dimension.

spatialCorrelation : a CorrelationeMatrix of size d x d, the correlation between the ¢ — th and j — th
dimension.

spatialCovariance : a CovarianceMatrix of dimension d X d, the correlation matrix C?®.

Value : an ExponentialCauchy

in the first usage, we fix dimension to 1, scale amplitude and spatialCorrelation to 1.0

in the second usage, we fix the dimension, scale and amplitude values. spatialCorrelation here is Identi-
tyMatrix(d)

in the third usage, we fix the dimension, scale, amplitude and correlation.

in the last usage, we fix the scale a, the amplitude A and the spatial covariance matrix C* . The dimension

d is deduced.

Some methods :

get Amplitude

Usage : get Amplitude()
Arguments : none
Value : a NumericalPoint, the amplitude of the Exponential model in each dimension

getScale
Usage : getScale()

Arguments : none

Value : a NumericalPoint, the scale of the Exponential model in each dimension

getSpatialCorrelation
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Usage : getSpatialCorrelation()
Arguments : none
Value : a CorrelationeMatrix, the correlation between the i-th and j-th dimension

Remark :

The class regroups the Exzponential Model and CauchyM odel of same parameters.
The density function is, from a mathematical point of view, the Fourier transform of the CovarianceModel.
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12.5 Normal process

The class Normal Process inherits form Process

12.5.1 NormalProcess

Usage : NormalProcess(timeGrid, model)

Arguments :

timeGrid : a RegularGrid, the time grid over which the process is implemented
modes : a SecondOrderModel

Value : a NormalProcess process, parametered by the given time grid and the given second order model (which
contains the covariance information and the spectral one).

Nota : This class enables to group the models which are based on temporal and spectral domains.

Some methods :

getSecondOrder Model
Usage : getSecondOrderModel()

Arguments : none

Value : a SecondOrderModel, if the process has been created from a second order used by the
NormalProcess.
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12.5.2 SpectralNormalProcess
Usage :

Spectral Normal Process()
Spectral N ormal Process(model, timeGrid)

(
(
Spectral N ormal Process(model, maximal Frequency, N)
Spectral Normal Process(spectral Model, timeGrid)

(

Spectral N ormal Process(spectral M odel, mazimal Frequency, N)

Arguments :

spectralModel : a SpectralModel

model : a SecondOrderModel

timeGrid : a RegularGrid; the time grid over which the process is implemented
mazimal Frequency : a NumericalScalar; the maximal frequency

N : an integer; the size of discretization of the frequency domain

Value : a SpectralNormalProcess process

in the second usage, we fix the time grid and the second order model (spectral density model) which
implements the process; Frequency values are induced by the time values.

in the third usage, conversely to the previous usage, the process is fixed in the frequency domain.
maximal Frequency value and N induce the time grid.
Be aware that the maximal frequency used in the computation is not maximal F'requency but
maximal Frequency * (N — 1)
N .
in the fouth usage (respectively the fifth usage), the spectral model is given instead of a complet second
order model and the other arguments are the same as the second (respectively the third) usage.

Comments :

The SpectralNormalProcess enables to model the normal processes in the spectral domain. This class
inherits from the NormalProcess class.

The first call of getRealization might be time consuming because it computes N hermitian matrices of
size d X d, where d is the dimension of the spectral model. These matrices are factorized and stored in
order to be used for each call of the get Realization method.

Some methods :

getFrequential Grid

Usage : getFrequentialGrid()
Arguments : none
Value : a RegularGrid, the frequencies used in the computation.

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 301

12.5.3 TemporalNormalProcess
Usage :

Temporal Normal Process()
Temporal N ormal Process(model, timeGrid)

Temporal N ormal Process(covarianceM odel, timeGrid)

Arguments :

covarianceModel : a StationaryCovarianceModel
model : a SecondOrderModel

timeGrid : a RegularGrid; the time grid over which the process is implemented

Value : a TemporalNormalProcess process

in the second usage, we fix the time grid and the model of second order (the associated temporal
covariance model and spectral one)

in the third usage, we only give the temporal covariance model.

Comments : This class inherits from the NormalProcess class. The initialization stores the second model in
order to reuse it for the realizations.
When calling the getRealization method, the first call might be time consuming because it calls the
discretize method of the covariance model in order to compute the covariance model on the time grid and
get its Cholesky factor. This is done once only.
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12.6 ARMA

We suppose that the stochastic process (X,): follows the linear recurrence :
X+A X+ +A X, =g +B g+ +B g, (28)

that writes in dimension 1 :

Xe+a1 Xe 1+ + apXt_p =er+bigs1+...+ bq5t_q (29)
where (a;, b;) € R.

This class inherits from Process

12.6.1 ARMA
Usage :

ARM A()
ARMA(ARCoef ficients, M ACoef ficients, whiteN oise)
ARMA(ARCoef ficients, M ACoef ficients, white N oise, state)

Arguments :
ARCoef ficients : an ARMACoefficients , the coefficients of the AR part of the recurrence : (a1, ...,ap)
of (29) and (4,,...,A,) of (28).

MACoef ficients : an ARMACoefficients , the coefficients of the MA part of the recurrence : (b1, ...,b,)
of (29) and (B,,...,Bg) of (28).

whiteNoise : a WhiteNoise, the white noise used for the random noise €.

state : an ARMAState , the state of the ARMA process ie the last values pf the process.

Value : an ARMA process
in the first usage, an ARM A(0,0) is built with default options : the time grid is {0,1}, and the &
distribution is N(0, 1).

in the second usage, we fix the coefficients of the linear recurrence (and the dimension of the process is
deduced) and the distribution of the random noise €.

in the third usage, we also fix the initial state which is the last p values of the process and the last ¢
values of the noise.

Some methods :

getARCoef ficients
Usage : get ARCoef ficients()

Arguments : none

Value : an ARMACoefficients, the coefficients of the linear recurrence.
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get M ACoef ficients

Usage : get M ACoef ficients()
Arguments : none

Value : an ARMACoefficients, the coefficients of the linear recurrence.

get Future

Usage :
getFuture(N;)
get Future(Nit, Nyeqi)

Arguments :
N : an integer, the number of future instants where the process is extended
Nyeqr : an integer, the number of futures that are evaluated

Value :

in the first usage, a TimeSeries, which is one possible realization of the future using the current
state of the process over the IN;; next instants.

in the second usage, a ProcessSample, which contains V,..; possible realizations of the future of
the process on the N;; next instants. Note that the time grid of each possible future begins
at the last instant of the time grid associated to the time series which is extended.

getState
Usage : getState()

Arguments : none

Value : an ARMAState, the state of the ARMA which is the last p values of the process and the
last ¢ values of the random noise &.

getW hiteNoise

Usage : getWhiteN oise()
Arguments : none
Value : a WhiteNoise, the white noise ¢ of (28).

setWhiteNoise
Usage : setWhiteNoise(whiteNoise)

Arguments : whiteNoise, a WhiteNoise
Value : Fix the white noise € of (28).

compute NT hermalization

Usage : computeNThermalization(e)
Arguments : ¢, a positive real

Value : an integer, the number of iterations of the ARMA process before being stationary and
independent of its current state evaluated with the precision ¢ :

Ine
Niper > E| (30)

In maxi,j |rij‘
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where E[] is the integer part and the r; are the roots of the polynomials (given here ion dimension

1):
O(r) =rP + > aix? (31)
=1

getNThermalization

Usage : get NThermalization()
Arguments : none

Value : an integer, the number of iterations that the ARMA process uses before being independent
from its actual state evaluated with the default precision ¢ = 27°3 = 10716,

set NThermalization

Usage : setNThermalization(n)
Arguments : n, an intger
Value : Set the number of iterations of initialization for the ARMA process
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12.6.2 ARMACoefficients
Usage :

ARM ACoef ficients(size, dimension)
ARM ACoef ficients(point)
ARM ACoef ficients(collection)

Arguments :

size : a integer, the number of elements of the ARMACoefficients class
dimension : an integer, the dimension of each coefficient
point : a NumericalPoint, the coefficients of the recurrence (in dimension 1)

collection : a SquareMatrixCollection which contains SquareMatrix of same dimension

Value : an ARMACoefficients

in the first usage, we fix the dimension and the number of elements.
in the second usage, we fix the dimension to 1 and we get the coefficients of the recurrence

in the third usage, we get the coefficients of the recurrence as matrix (and so the dimension)

Some methods :

getSize
Usage : getSize()
Arguments : none
Value : an integer, the size of the ARMACoefficients (number of coefficients)

getDimension

Usage : getDimension()
Arguments : none

Value : an integer, the dimension each coefficients

add
Usage : add(coef ficient)
Arguments : coef ficient : a SquareMatrix
Value : an ARMACoefficients of size size + 1

getName
Usage : getName()

Arguments : none
Value : a string, the name of the ARMACoefficients
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setName

Usage : setName(name)
Arguments : name : a string
Value : the ARMACoefficients is named name
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12.6.3 ARMAState
Usage :
ARM AState(values, noise)

Arguments :

values : a NumericalSample, last observations of an ARMA process

notse : a NumericalSample, last observations of a random noise

Value : an ARMAState

Some methods :

getSize
Usage : getSize()
Arguments : none
Value : an integer, the size of the ARMACoefficients (number of coefficients)

getDimension

Usage : getDimension()
Arguments : none
Value : an integer, the dimension of the state (and thus of the process)

getX
Usage : getX()
Arguments : none
Value : a NumericalSample (of size p), the last p values of the ARMA

getEpsilon
Usage : getEpsilon()
Arguments : none
Value : a NumericalSample (of size ¢), the last ¢ noise values of the ARMA

setX

Usage : setX (myLastProcessValues)
Arguments : myLastValues, a NumericalSample of size p
Value : None. We fix the last p values of the process

set E'psilon
Usage : setEpsilon(myLastNoiseValues)

Arguments : myLastNoiseValues, a NumericalSample of size ¢
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Value : None. We fix the last ¢ values of the random noise

getName

Usage : getName()
Arguments : none
Value : a string, the name of the ARMAState

setName

Usage : setName(name)
Arguments : name : a string
Value : the ARMAState is named name
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12.6.4 BoxCoxFactory

Usage :

BoxCoxFactory()
BoxCoxFactory(alpha)

Arguments :

Value :

Some

alpha : a NumericalScalar. The value to be fixed by user to ensure positive character of all values

a BoxCoxFactory

in the first usage, the used value is 0

in the second usage, the user fix the "translate" value

methods :
build
Usage : build(inTS)
Arguments : inT'S : a TimeSeries , the time series from which the Box Cox transformation pa-
rameter is estimated
Value : a BoxCoxTransform which enables to transform the time series Y, into hy(Y,) such that
Var [hy(Y,)] is constant with respect to the time. In the scalar case, we note h) is parametered
by a scalar A :
Ui S N
h = p) 32
A®) { oXe) ALy (32
For time series of dimension p > 1, we operate component by component as in (33).
getName
Usage : getName()
Arguments : none
Value : a string, the name of the BoxCoxFactory
setName

Usage : setName(name)
Arguments : name : a string
Value : the BoxCoxFactory is named name
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12.6.5 BoxCoxTransform

This class inherits from Spatial Function. The Box Cox transformation is defined as following.
In the scalar case, we note h)y, parametered by a scalar A :

I B A
M) = {log(y) 70 (33

For time series of dimension p > 1, we operate component by component as in (33), which defines the parameter

A

Usage :

BoxCoxTrans form()

BoxCoxTransform(lambdaPoint)

BoxCoxTrans form(lambdaCollection)
(

BoxCoxTrans form(lambdaScalar)

Arguments : ) : the parameter of the Box Cox transformation hy. This last one might be :

lambdaPoint : a NumericalPoint.
lambdaCollection : a NumericalScalarCollection.

lambdaCollection : a NumericalScalar.

Value : a BoxCoxTransform that contains the Box Cox transformation ant its inverse.

in the second and third usages, we fix the dimension and the value of \A.

in the fourth usage, the dimension is one.

Some methods :

0

Usage : (y)
Arguments : y : a TimeSeries, the time series (ytl, . ,ytN)
Value : a TimeSeries, the time series (z;,,...,2;,) with stabilized variance, such that for each

instant ¢; we apply the function :

RP+L — RP

34
(tny,) + haly,) (34)
or
RpF! — RP (35)
35
(ti7 ytl) = h,(yti + g)
getInverse
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Usage : getInverse()
Arguments : none
Value : an InverseBoxCoxTransform, the inverse Box Cox transformation that enables to refind the
initial time series (gtl, e ,gtN) from the time series (z;,, ..., 2, ) such that :
Rp+1 — RP
_ 36
(toz) = hs'(z) (30
o +1
RP — RP
i (37)
(thz) = hi'z)-a
getLambda
Usage : getLambdal()
Arguments : none
Value : a NumericalPoint. The parameter A of hy
getInput Dimension
Usage : getInputDimension()
Arguments : none
Value : an integer, the input dimension e.g the dimension that should have the input TimeSeries
getOutput Dimension
Usage : getOutput Dimension|()
Arguments : none
Value : an integer, the output dimension of the transform function. Its equal here to the input
dimension.
getName
Usage : getName()
Arguments : none
Value : a string, the name of the BoxCoxTransform
setName
Usage : setName(name)
Arguments : name : a string
Value : the BoxCoxTransform is named name
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12.6.6 InverseBoxCoxTransform

This class inherits from Spatial Function.
The inverse of the Box Cox transformation is defined as following.
In the scalar case, h;l is parametered by a scalar A :

) = {“y“)* 7Y (38)

A
exp(y) A

For time series of dimension p > 1, we operate component by component as in (38), which defines the parameter
A

Usage : Generally, it is obtained as the result of a BoxCoxTransform.getInverse(). But it is possible to
directly define the inverse transformation.

InverseBoxCoxTransform()

(
InverseBoxCoxTransform(lambdaPoint)
InverseBoxCoxTransform(lambdaCollection)
(

InverseBoxCoxTransform(lambdaScalar)

Arguments :

lambdaPoint : a NumericalPoint.
lambdaCollection : a NumericalScalarCollection.

lambdaCollection : a NumericalScalar.

Value : an InverseBoxCoxTransform, the inverse Box Cox transformation.

in the second and third usages, we fix the dimension and the value of \.

in the fourth usage, the dimension is one.

Some methods :

0

Usage : (Z)
Arguments : a Z : TimeSeries, the time series (z;,,...,2;,)-
Value : a TimeSeries, the time series (y vy tN) such that for each instant ¢; we apply the function
Rp+1 — RP
_ 39
(tiaéti) — gti :hAl(Zti) ( )
getLambda

Usage : getLambdal()
Arguments : none
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Value : a NumericalPoint. The lambda values of the transform

getInput Dimension
Usage : getInputDimension()
Arguments : none
Value : an integer, the input dimension e.g the dimension p of the associated times series.

getOutput Dimension
Usage : getOutput Dimension|()
Arguments : none

Value : an integer, the output dimension of the transform function. Its equal here to the input
dimension p of the associated times series.

getName

Usage : getName()
Arguments : none
Value : a string, the name of the InverseBoxCoxTransform

setName

Usage : setName(name)
Arguments : name : a string
Value : the InverseBoxCoxTransform is named name
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12.6.7 TrendFactory
Usage :

TrendFactory(basisSequence, fittingAlgorithm)

Arguments :

myBasisSequenceFactory : a BasisSequenceFactory such as LAR

myFitting Algorithm : a FittingAlgorithm such as K Fold or CorrectedLeaveOneOut

Value : a TrendFactory

Some methods :

build
Usage : build(inT'S, basis)
Arguments :

inT'S: a TimeSeries, the time series on which the trend is built
TS : a NumericalMathFunctionCollection, on which the trend is decompos

Value : a TrendTransform which contains the best dual combination of basis in order to model
the time series inT'S, using the regression strategy myBasisSequenceFactory and the fitting
algorithm my FittingAlgorithm.

getBasisSequenceFactory

Usage : getBasisSequenceFactory()
Arguments : none
Value : a BasisSequenceFactory, the one used the TrendFactory.

getFitting Algorithm
Usage : getFitting Algorithm()
Arguments : none

Value : a FittingAlgorithm, the algorithm used by the TrendFactory.

setBasisSequenceFactory

Usage : setBasisSequenceFactory(basis)
Arguments : basis : a BasisSequenceFactory
Value : None. We fix the basis sequence factory.

setFitting Algorithm
Usage : setFittingAlgorithm( fittingAlgorithm)

Arguments : fittingAlgorithm, a FittingAlgorithm that estimates the empirical error on each sub-
basis
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Value : None. We fix the fitting algorithm.

getName

Usage : getName()
Arguments : none
Value : a string, the name of the TrendFactory.

setName

Usage : setName(name)
Arguments : name : a string

Value : None. The TrendFactory is named name.
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12.6.8 TrendTransform

This class inherits from Temporal Function. Let (Y,); be a time series of dimension p such that :

Y, = i(t) + X, (40)

where f: R — RP is the trend function and X, is stationnary .

Usage : TrendTransform(f). Generally, it is obtained as the result of a TrendFactory.build(...). But it is
possible to directly fix the evaluation function to be used.

Arguments :

f : a NumericalMathFunction

Value : a TrendTransform, the trend function.

Some methods :

0

Usage : (X)
Arguments : X : TimeSeries, the time series (z;,,...,2;, )
Value : a TimeSeries, the time series (gtl, e ,gtN) such that :
R oy RP
41
(ti,ﬁti) =Y T 2y + f(t:) (41)
get Function
Usage : get Function()
Arguments : none
Value : a NumericalMathFunction, the function that evaluates the trend :
R — RP
(42)

t o= f(t)= Z?:l O‘jij(t)

getInput Dimension

Usage : getInputDimension()
Arguments : none

Value : an integer, the input dimension of the trend function. As we consider a trend (time depen-
dency), the input dimension of the function should be one.

getOutput Dimension

Usage : getOutput Dimension|()
Arguments : none
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Value : an integer, the output dimension p of the trend function.

getInverse

Usage : getInverse()

Arguments : none.

Value : an InverseTrendTransform which contains the inverse trend function that can be used on a
time series (gtl, . ,gtN) thanks to the operand (), in order to create the time series (zy,, ..., 2, )
such that :

RPHT s RP
(t,yti) =oxy, =y, — f(t)

Zt; o

(43)

getName

Usage : getName()
Arguments : none
Value : a string, the name of the TrendTransform.

setName

Usage : setName(name)
Arguments : name : a string
Value : the TrendTransform is named name.
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12.6.9 InverseTrendTransform

This class inherits from Temporal Function.

Usage : Generally, it is obtained as the result of a TrendTransform.getInverse(). But it is possible to
directly fix the evaluation function f : InverseTrendTransform(f)

Arguments :

f : a NumericalMathFunction

Value : an InverseTrendTransform, the inverse trend function.

Some methods :

0

Usage : (X)
Arguments : X : TimeSeries, the time series (z;,,...,2;, ).
Value : a TimeSeries, the time series (y by tN) such that for each instant ¢; we apply the function
RP+HL — RP
- (44)
(i zy,) =y, =z, — [(b)
getInput Dimension

Usage : getInputDimension()
Arguments : none
Value : an integer, the input dimension of the trend function (here 1 as it is a time dependency).

getOutput Dimension

Usage : getOutput Dimension|()
Arguments : none.

Value : an integer, the output dimension p of the transform function.

getName
Usage : getName()

Arguments : none

Value : a string, the name of the InverseTrendTransform.

setName

Usage : setName(name)
Arguments : name : a string
Value : the InverseTrendTransform is named name.
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12.7 ARMAFactory

The class enables to estimate the coefficients of an ARMA process using a realization or a sample of realizations

12.7.1 ARMAFactory

This class is the interface of ARM AF actoryImplementation.

Usage :
ARM AFactory(myARM AF actoryImplementation)

Arguments : myARM AFactoryImplementation : the implementation of an ARMA factory. For example, a
Whittle factory.

Value : a ARMAFactory

Some methods :

getName

Usage : getName()
Arguments : none
Value : a string, the name of the ARMAFactory

setName

Usage : setName(name)
Arguments : name : a string
Value : the ARMAFactory, named name

12.7.2 WhittleFactoryState

This class inherits from PersistenObject.

Usage :

W hittleFactoryState()
W hittleFactoryState(p, theta, sigma2, criteria, timeGrid)

Arguments :

p : integer. The order of the AR part of the estimate.

theta : NumericalPoint. The coefficients of the scalar ARMA process, with the p coefficients of the AR
part first, followed by the g coefficients of the MA part.
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sigma?2 : real. Estimate of the white noise variance.
criteria : NumericalPoint. The information criteria associated with the estimate.

timeGrid : TimeGrid. The time grid over which the estimated ARMA process is defined. m estimate

Value : a WhittleFactoryState

in the second usage, the object stores the minimal sufficient information on a particular estimation step
of the WhittleFactory class, from which all the relevant other information can be recovered.

Some methods :

get ARCoef ficients

Usage : get ARCoef ficients()
Arguments : None
Value : ARMACoefficient. the AR coeflicients of the estimate.

getARM A

Usage : get ARMA()
Arguments : None
Value : ARMA. The ARMA process associated with the estimated parameters.

getM ACoef ficients

Usage : get M ACoef ficients()
Arguments : None
Value : ARMACoefficient. the MA coefficients of the estimate.

getInformationCriteria

Usage : getInformationCriteria()
Arguments : None

Value : NumericalPoint. The information criteria associated with the estimate. There are 3 infor-
mation criterion that are computed: the corrected AIC, the AIC and the BIC, stored in this
order.

getP
Usage : getP()
Arguments : None
Value : integer. The AR order of the estimate.

getQ

Usage : getQ()
Arguments : None
Value : integer. The MA order of the estimate.
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getSigma2
Usage : getSigma2()
Arguments : None
Value : real. The estimate of the white noice variance.

getTheta

Usage : getTheta()
Arguments : None
Value : NumericalPoint. The ARMA coefficients estimate as manipulated during the optimization

step.

getTimeGrid

Usage : getTimeGrid()
Arguments : None
Value : TimeGrid. The time grid over which the ARMA precess is defined, as given by the data.

getW hiteNoise
Usage : getWhiteNoise()

Arguments : None
Value : WhiteNoise. The scalar white noise process associated with the ARMA process. It is build
using a Normal distribution with zero mean and with the estimated variance.

12.7.3 WhittleFactory
This class inherits from ARM AFactoryImplementation.

Usage :

W hittle Factory()
W hittle Factory(p, q, invertible)
W hittle Factory(pIndices, gIndices, invertible)

Arguments :

p : integer. The order of the AR part to be tested.

q : integer. The order of the MA part to be tested.

invertible : boolean. Flag to restrict the estimation to invertible ARMA processes.
pIndices : Indices. The possible orders of the AR part to be tested.

gIndices : Indices. The possible orders of the MA part to be tested. m estimate

Value : a WhittleFactory
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in the first usage, the Whittle factory is such that a normal white noise will be identified.

in the second usage, we fix the order of the ARMA (AR size and MA size) process that will be identified,
with a control on its invertibility,

in the third usage, we fix a range of orders for the AR and the MA parts. All the possible combinations
will be tested.

Some methods :

build

Usage : build(series)
build(series, criteria)
build(sample)
build(sample, criteria)

Arguments : series : a TimeSeries
criteria : a NumericalPoint
sample : a ProcessSample

Value : an ARMA process, the model that matches the best the given time series or process sample.
The comparison is made using the spectral density built using the given data and the theoretical
spectral density of the ARMA process.

If given, the criteria vector is filled by three scalar values: the corrected AIC criterion, the AIC
criterion and the BIC criterion. The best ARMA process is selected according to the corrected
AIC criterion.

getSpectral M odel Factory
Usage : getSpectral Model Factory()
Arguments : None.

Value : a SpectralModelFactory object. Returns the spectral factory used to estimate the spectral
density based on the data during the estimation step.

setSpectral M odel Factory

Usage : setSpectral Model Factory(spectral Factory)
Arguments : a SpectralModelFactory.

Value : None. Set the spectral factory used to estimate the spectral density based on the data
during the estimation step.

disableHistory

Usage : disableHistory()
Arguments : None.

Value : None. Desactivate the history mechanism, it means the trace of all the tested models and
their associated information criteria.

enableHistory
Usage : enableHistory()
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Arguments : None.
Value : None. Activate the history mechanism, it means the trace of all the tested models and their
associated information criteria.

1sHistoryEnabled
Usage : isHistoryEnabled()
Arguments : None.
Value : a logical value. True if the history mechanism is activated. It is activated by default.

resetHistory
Usage : resetHistory()
Arguments : None.
Value : None. Clear the history of the factory.

getHistory
Usage : getHistory()
Arguments : None.

Value : a collection of WhittleFactoryState objects. Returns the collection of all the states that
have been built during the estimation phase.

setVerbose

Usage : setVerbose(verbose)
Arguments : a logical value.

Value : None. Activate the verbose mode of the factory during both the exploration of the possible
models and the optimization steps.

getVerbose
Usage : getVerbose()
Arguments : None.
Value : a logical value telling if the verbose mode has been activated.

setStartingPoints
Usage : setStartingPoints(points)
Arguments : a collection of NumericalPoints.

Value : None. Set the starting points in the (p, q) parameters space during the optimization step,
for each pair of orders that will be tested.

getStartingPoints
Usage : getStartingPoints()
Arguments : None.

Value : a collection of NumericalPoints. Returns the starting points in the (p, ¢) parameters space
during the optimization step, for each pair of orders that will be tested.
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12.8 RandomWalk
Usage :

RandomW alk(origin, distribution)
RandomW alk(origin, distribution, timeGrid)

Arguments :

ortgin : a NumericalPoint, the starting point of the random walk.
distribution : a Distribution, the distribution used for the steps of the random walk.

timeGrid : a RegularGrid, the time grid over which the realizations are observed

Value : a RandomWalk process

in the first usage, we fix the the origin and distribution of the process. They must have a common
dimension, which is also the dimension of the process. The time grid is by default reduced to one
time stamp ¢ = 0.

in the second usage, we fix also the time grid of the observations.

Some methods :

getOrigin
Usage : getOrigine()
Arguments : none
Value : a NumericalPoint, the the starting point of the random walk.

setOrigin
Usage : setOrigin(origin)
Arguments : origin, a NumericalPoint
Value : none. Fix the starting point of the random walk.

getDistribution
Usage : getDistribution()

Arguments : none

Value : a Distribution, the distribution used to generate the steps of the random walk.

setDistribution

Usage : setDistribution(distribution)
Arguments : distribution, a Distribution
Value : none. Fix the distribution for the steps of the random walk.
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12.9 WhiteNoise
Usage :

W hiteN oise(distribution)
W hiteN oise(distribution, timeGrid)

Arguments :
distribution : a Distribution, the distribution used for the realization of the white noise. Care! A white
noise has a zero mean and finite standard deviation distribution!

timeGrid : a RegularGrid, the time grid over which the realizations are observed

Value : a WhiteNoise process
in the first usage, we fix the distribution and so the dimension of the process. The time grid is by default
reduced to one time stamp t = 0.

in the second usage, we fix also the time grid of the observations.

Some methods :

getDistribution

Usage : getDistribution()
Arguments : none
Value : a Distribution, the distribution used to generate random noise at time ¢

set Distribution

Usage : setDistribution(distribution)
Arguments : distribution, a Distribution

Value : none. Fix the distribution for the realization of noise at time ¢
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12.10 CompositeProcess

This class inherits from Process.

The objective is to build a stochastic process upon a function and a process such as ARM A or NormalProcess
for example.

12.10.1 CompositeProcess

Usage :

Composite Process|()

Composite Process( function, Antecedent Process)

Arguments :

function : a DynamicalFunction, the function of composition

Antecedent Process : a Process. The input process considered.

Value : a CompositeProcess process

in the second usage, we fix the process all elements of composition Y = function(X) with X a process.

Some methods :

get Function

Usage : get Function()
Arguments : none
Value : a DynamicalFunction, the function used for the evaluation.

get Antecedent
Usage : get Antecedent()

Arguments : none

Value : a Process, the proces X such as the current proces is obtained by Y = f(X).
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13 Threshold probability : Reliability algorithms

13.1 Reliability Algorithms
13.1.1 Analytical

Usage : Analytical(nearest Point Algorithm, event, physical Starting Point)
Arguments :
nearest Point Algorithm : a NearestPointAlgorithm, the optimization algorithm which will be used to
research the design point
event : a Event, the event we want to evaluate the probability
physical Starting Point : a NumericalPoint, the starting point of the optimization research, declared in

the physical space

Some methods :

get Analytical Result
Usage : get Analytical Result()
Arguments : none
Value : a AlgorithmAnalyticalResult, the result structure which contains results

get Event
Usage : get Event()
Arguments : none

Value : a Event, the event we want to evaluate the probability

getNearestPoint Algorithm

Usage : getNearestPointAlgorithm()
Arguments : none

Value : a NearestPointAlgorithm, the optimization algorithm which will be used to research the
design point

get Physical Starting Point
Usage : get PhysicalStarting Point()
Arguments : none

Value : a NumericalPoint, the starting point of the optimization research, declared in the physical
space

run
Usage : run()
Arguments : none

Value : it performs the research design point and creates a AnalyticalResult, the structure result
which is accessible with the method getAnalyticalResult().
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The methods get Event, get Nearest Point Algorithm and get Physical StartingPoint are associated to a
setMethod.

Derivative Classes : FORM ans SORM
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13.1.2 AnalyticalResult

Usage : structure created by the method run() of a Analytical and obtained thanks to the method get Analytical Resul

Some methods :

drawHasofer ReliabilityIndexSensitivity

Usage : drawHasoferReliabilityIndexSensitivity()
Arguments : none

Value : a GraphCollection (the collection of two barplots) drawing the sensitivity of the Hasofer
Reliability Index to the parameters of the marginals of the probabilistic input vector (first graph)
and to the parameters of the dependence structure of the probabilistic input vector (second

graph).

drawImportanceF actors
Usage :
drawImportanceFactors()
drawImportanceFactors(True)

Arguments : True : a Boolean. When "True’, the importance factors are evaluated as the square
of the co-factors of the design point in the U-space (see (45)) :

u?)?
o = ( 5 ) (45)
6HL
When not specified, the importance fators are evaluated as the square of the co-factors of the
design point in the Y-space (see (46)) :

o = () (46)

where

whith X™ is the design point in the physical space and E the univariate standard CDF of the
elliptical space.

In the case where the input distribution of X has an elliptical copula C'g, then E has the same
type as Cg.

In the case where the input distribution of X has a copula C' which is not elliptical, then £ = ®
where @ is the CDF of the standard normal.

Value : a Graph, the pie of the importance factors of the probabilistic variables

getHasofer ReliabilityIndex
Usage : getHasoferReliabilityIndex()
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Arguments : none
Value : a real positive value, the Hasofer Reliability Index

getHasofer ReliabilityIndex Sensitivity
Usage : getHasoferReliabilityIndexSensitivity()
Arguments : none

Value : a Sensitivity, the sensitivities of the Hasofer Reliability Index to the parameters of the
probabilistic input vector (marginals and dependence structure)

getImportanceFactors
Usage :
getImportanceFactors()
getImportanceFactors(True)

Arguments : True : a Boolean. When "True’, the importance factors are evaluated as the square
of the co-factors of the design point in the U-space (see (45)).
When not specified, the importance fators are evaluated as the square of the co-factors of the
design point in the Y-space (see (46)).

Value : a NumericalPoint, the importance factors of probabilistic variables

getlsStandardPointOriginInFailureSpace

Usage : getIsStandardPointOriginInFailureSpace()
Arguments : none
Value : a boolean which indicates whether the origin of the standard space is in the failure space

getLimitStateV ariable

Usage : getLimitStateVariable()
Arguments : none
Value : a Event, the event we evaluated the probability

getMeanPointInStandard Event Domain
Usage : getMeanPointInStandardEvent Domain()
Arguments : none

Value : a NumericalPoinOE, the mean point of the standard space distribution restricted to the event
domain : El(l—ﬁ) / uip1(ug)duy where Ej is the spheric univariate distribution of the stan-
dard space and S the reliability index.

get Physical Space DesignPoint

Usage : get PhysicalSpaceDesignPoint()
Arguments : none

Value : a NumericalPoint, the starting point of the optimization research, declared in the physical
space

getStandardSpaceDesignPoint
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Usage : getStandardSpaceDesignPoint()
Arguments : none

Value : a NumericalPoint, the starting point of the optimization research, declared in the standard
space

Derivative Classes : FORMResult and SORMResult
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13.1.3 Event
Usage :

Event(antecedent, comparisonOperator, threshold)

(
Event(antecedent, comparisonOperator, threshold, name)
Event(antecedent, domain)

(

Event(antecedent, domain, name)

Arguments :

antecedent : a RandomVector, of dimension 1 : the output variable of interest

comparisonOperator : a ComparisonOperator, the comparison operator which is equal to Less, Greater,
LessOrEqual or GreaterOrEqual

threshold : a real value, the threshold we want to compare to antecedent
domain : a domain, the domain failure

name : a string, the name of the event

Some methods :

getDimension
Usage : getDimension()
Arguments : none
Value : an integer, the dimension of the probabilistic input vector

getNumerical Sample
Usage : get NumericalSample(size)
Arguments : size : an integer, the size of the numerical sample generated

Value : a NumericalSample filled with boolean values (1 for the realization of the event and 0 else)
. size realizations of the event (considered as a Bernoulli variable)

getOperator
Usage : getOperator()
Arguments : none
Value : a ComparisonOperator, the comparison operator of the event

getRealization

Usage : getRealization()

Arguments : none

Value : a NumericalPoint of dimension 1, filled with a boolean value (1 for the realization of the
event and 0 else) : one realization of the event (considered as a Bernoulli variable)

getThreshold

Usage : getThreshold()
Arguments : none
Value : a real value, the threshold of the event

Derivative Class : StandardEvent
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13.1.4 StandardEvent

This class inherits from Event.

Usage :

StandardEvent(antecedent, comparisonOperator, threshold)
StandardEvent(antecedent, comparisonOperator, threshold, name)

StandardEvent(event)

Arguments :

antecedent : a RandomVector, of dimension 1 : the output variable of interest

comparisonOperator : a ComparisonOperator, the comparison operator which is equal to Less, Greater,
LessOrEqual or GreaterOrEqual

threshold : a real value, the threshold we want to compare to antecedent
name : a string, the name of the event

event : a Event, the physical event associated to the standard event
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13.1.5 FORM

This class inherits from Analytical.

Usage : FORM (nearestPointAlgorithm, event, physical Starting Point)
Arguments :
nearestPoint Algorithm : a NearestPointAlgorithm, the optimization algorithm which will be used to
research the design point
event : a Event, the event in the physical space we want to evaluate the probability
physical StartingPoint : a NumericalPoint, the starting point of the optimization research, declared in

the physical space

Some methods :

getResult
Usage : getResult()
Arguments : none
Value : a FORMResult, structure containing all the results of the FORM analysis

run
Usage : run()
Arguments : none

Value : it creates a FORMResult, the optimization result which is accessible with the method
getResult().
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13.1.6 FORMResult

This class inherits from AnalyticalResult.
Usage : structure created by the method run() of a FORM and obtained thanks to the method getResult()

Some methods :

drawFEvent ProbabilitySensitivity
Usage : drawEventProbabilitySensitivity()

Arguments : none

Value : a GraphCollection (the collection of two barplots) drawing the sensitivities of the FORM
Probability with regards to the parameters of the probabilistic input vector (first graph) and to
parameters of the dependence structure of the probabilistic input vector (second graph)

get Event Probability

Usage : get Event Probability()
Arguments : none
Value : a positive real value, the FORM probability of the event

get Event ProbabilitySensitivity
Usage : get Event ProbabilitySensitivity()

Arguments : none

Value : a Sensitivity, the sentivities of the FORM Probability with regards to the parameters of
the probabilistic input vector and to parameters of the dependence structure of the probabilistic
input vector

getGeneralised ReliabilityIndex

Usage : getGeneralisedReliabilityIndex HohenBichler()

Arguments : none

Value : a real value, the generalised reliability index evaluated from the FORM Probability. The
generalised reliability index from the FORM probability is equal to £+ the Hasofer reliability
index according to the fact the standard space center fulfills the event or not
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13.1.7 SORM

This class inherits from Analytical.

Usage : SORM (nearestPointAlgorithm, event, physical Starting Point)
Arguments :
nearestPoint Algorithm : a NearestPointAlgorithm, the optimization algorithm which will be used to
research the design point
event : a Event, the event in the physical space we want to evaluate the probability
physical StartingPoint : a NumericalPoint, the starting point of the optimization research, declared in

the physical space

Some methods :

getResult
Usage : getResult()
Arguments : none
Value : a SORMResult, structure containing all the results of the SORM analysis

run
Usage : run()
Arguments : none

Value : it creates a SORMResult, the optimization result which is accessible with the method
getResult().
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13.1.8 SORMResult

This class inherits from AnalyticalResult.

Usage : structure created by the method run() of a SORM and obtained thanks to the method get Result()

Some methods :

get Event Probability Breitung
Usage : get EventProbability Breitung()

Arguments : none

Value : a positive real value, the SORM Probability according to the Breitung approximation

get Event Probability Hohen Bichler

Usage : get Event Probability HohenBichler()
Arguments : none
Value : a positive real value, the SORM Probability according to the Hohen Bichler approximation

get Event ProbabilityTvedt
Usage : get Event ProbabilityTvedt()
Arguments : none
Value : a positive real value, the SORM Probability according to the Tvedt approximation

getGeneralised ReliabilityIndex Breitung
Usage : getGeneralisedReliabilityIndex Breitung()
Arguments : none

Value : areal value, the generalised reliability index evaluated from the Breitung SORM Probability
(positive or negative according to the fact the standard space center fulfills the event or not)

getGeneralised ReliabilityIndex HohenBichler
Usage : getGeneralisedReliabilityIndex HohenBichler()
Arguments : none

Value : a real value, the generalised reliability index evaluated from the Hohen Bichler SORM
Probability (positive or negative according to the fact the standard space center fulfills the event
or not)

getGeneralisedReliabilityIndexTvedt
Usage : getGeneralisedReliabilityIndexTvedt()

Arguments : none

Value : a real value, the generalised reliability index evaluated from the Tvedt SORM Probability
(positive or negative according to the fact the standard space center fulfills the event or not)
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13.2 The Strong Maximum Test
13.2.1 StrongMaximumTest
Usage :

StrongM aximumTest(event, standardSpace DesignPoint, importanceLevel, - - -
accuracyLevel, con fidence Level)
StrongM aximumTest(event, standardSpace DesignPoint, importanceLevel, - - -

accuracyLevel, point Number)
Arguments :

event : a StandardEvent,

standardSpace DesignPoint : a NumericalPoint,

importanceLevel : a real value €]0, 1], the importance level .

accuracyLevel : a positive real value, the accuracy Level 7. It is recommanded to take 7 < 4.
confidenceLevel : a positive real value, the confidenceLevel (1 — ¢), must be < 1.

point Number : the number of points used to perform the Strong Maximum Test on which the limit state

function is evaluated

Some methods :

getAccuracyLevel
Usage : getAccuracyLevel()
Arguments : none

Value : a positive real value, the accuracy Level 7

getCon fidenceLevel
Usage : getConfidenceLevel()
Arguments : none

Value : a positive real value, the confidenceLevel (1 — q)

get Event
Usage : getEvent()
Arguments : none

Value : a StandardEvent, the event in the standard space on which is based the Strong Maximum
Test

getFarDesignPointVerifyingEvent Points

Usage : getFarDesignPointVerifyingEvent Points()
Arguments : none

Value : a NumericalSample, the list of points of the discretized sphere which are out of the vicinity
of the standard design point and which verify the event
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getFarDesignPointVeri fyingEventV alues

Usage : getFarDesignPointVerifyingEventV alues()
Arguments : none

Value : a NumericalSample, the list of the values of the limit state function on the points of the
discretized sphere which are out of the vicinity of the standard design point and which verify
the event

getFarDesignPointViolating Event Points

Usage : getFarDesignPointViolating Event Points()
Arguments : none

Value : a NumericalSample, the list of points of the discretized sphere which are out of the vicinity
of the standard design point and which don’t verify the event

getFarDesignPointViolating EventV alues

Usage : getFarDesignPointViolating EventV alues()
Arguments : none

Value : a NumericalSample, the list of the values of the limit state function on the points of the
discretized sphere which are out of the vicinity of the standard design point and which don’t
verify the event

getImportanceLevel
Usage : getImportanceLevel()
Arguments : none
Value : a positive real value, the importance level

getNearDesignPointVeri fying Event Points

Usage : getNearDesignPointVerifyingEventPoints()
Arguments : none

Value : a NumericalSample, the list of points of the discretized sphere which are inside the vicinity
of the standard design point and which verify the event

getNearDesignPointVerifying EventV alues
Usage : getNearDesignPointVerifyingEventV alues()
Arguments : none

Value : a NumericalSample, the list of the values of the limit state function on the points of the
discretized sphere which are inside the vicinity of the standard design point and which verify the
event

getNearDesignPointViolating Event Points
Usage : getNearDesignPointViolating Event Points()
Arguments : none

Value : a NumericalSample, the list of points of the discretized sphere which are out of the vicinity
of the standard design point and which don’t verify the event
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getNearDesignPointViolating EventV alues
Usage : getNearDesignPointViolating EventV alues()

Arguments : none
Value :

a NumericalSample, the list of the values of the limit state function on the points of the discretized
sphere which are inside the vicinity of the standard design point and which don’t verify the event

get Point Number

Usage : getPoint Number()
Arguments : none

Value : an integer, the number of points used to perform the Strong Maximum Test, evaluated by
the limit state function

getStandardSpaceDesignPoint

Usage : getStandardSpaceDesignPoint()
Arguments : none
Value : a NumericalPoint, the standard space design point

run

Usage : run()
Arguments : none
Value : it performs the Strong Maximum Test.
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14 Threshold probability : Simulation algorithms
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14.1 RandomGenerator

Usage : RandomGenerator()
Arguments : none

Some methods :

Generate
Usage :
Generate()
Generate(size)

Arguments : size : an integer, the number of realizations required. When not given, by default
taken equal to 1

Value : a NumericalPoint, the list of the required realizations of a uniform distribution on [0, 1]

GetState
Usage : GetState()
Arguments : : none

Value : a RandomGeneratorState, the state of the random generator

SetSeed
Usage : SetSeed(n)

Arguments : n : an integer which enables an easy initialisation of the random generator

Value : none. It initializes the state of the random generator

SetState

Usage : SetState(state)
Arguments : state : a RandomGeneratorState, the state of the random generator
Value : none. It initializes the state of the random generator

The GetState method is associated to a SetState one.
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14.2 Wilks

This class is a static class which enables the evaluation of the Wilks number : the minimal sample size N, g ;
to perform in order to garantee that the empirical quantile o, noted §o(Na ;) evaluated with the (n — i)th
maximum of the sample, noted X_; be greater than the theoretical quantile g, with a probability at least 3 :

P (Qa(Na,B,i) > qu) > 5

where Qa(Na,ﬁ,i) = Xpn—i
This class proposes the methods :

ComputeSampleSize

Usage : ComputeSampleSize(alpha,beta, 1)

Arguments :
alpha : a real value, order of the quantile we want the evaluate, must be in (0, 1).
beta : confidence on the evaluation of the empirical quantile, must be in (0, 1).

i : rank of the maximum which will evaluate the empirical quantile, by default i = 0 (maximum of
the sample)

Value : an integer, the Wilks number.
computeQuantile Bound

Usage : computeQuantile Bound(alpha, beta, i)

Arguments :
alpha : a real value, order of the quantile we want the evaluate, must be in (0, 1).
beta : confidence on the evaluation of the empirical quantile, must be in (0, 1).

i : rank of the maximum which will evaluate the empirical quantile, by default i = 0 (maximum of
the sample)

Value : a real value, the estimate of the quantile upper bound for the given quantile level, at the given
confidence level and using the given upper statistics.
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14.3 Simulation

Usage : A Simulation object can be created only through its derived classes: DirectionalSampling, Impor-
tanceSampling, LHS, MonteCarlo, PostAnalyticalControlledlmportanceSampling, Post Analyticallmpor-
tanceSampling, QuasiMonteCarlo, Randomized LHS, RandomizedQuasiMonteCarlo.

Some methods :

getBlockSize
Usage : getBlockSize()

Arguments : none
Value : an integer, the number of terms in the probability simulation estimator grouped together

Details : for Monte Carlo, LHS and Importance Sampling methods, we recommend to use BlockSize
= number of available CPUs; for the Directional Sampling, we recommend to use BlockSize = 1

getConvergenceStrategy
Usage : getConvergenceStrategy()
Arguments : none

Value : a HistoryStrategy, the storage strategy used to store the values of the probability estimator
and its variance during the simulation algorithm

get Event
Usage : get Event()
Arguments : none

Value : an Event, which we want to evaluate the probability

getInputStrategy (removed starting from the 0.16 release, see NumericalMathFunction.getInputHistory())

Usage : getInputStrategy()
Arguments : none

Value : a HistoryStrategy, the storage strategy used to store the input random vector sample used
to evaluate the probability estimator of the event probability

getMazimumCoef ficientO fV ariation
Usage : get MaximumCoef ficientO fVariation()

Arguments : none

Value : a real value, the maximum coefficient of variation of the simulated sample

get M aximumOuter Sampling
Usage : get M aximumOQuterSampling()
Arguments : none
Value : an integer, the maximum number of groups of terms in the probability simulation estimator

Details : for all the methods excepted the DirectionalSampling one, the maximum number of evalu-
ations of the limit state function defining the event is : MaximumQOuterSampling x BlockSize
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getM azimumStandardDeviation

Usage : getMazimumStandardDeviation()
Arguments : none
Value : a positive real value , the standard deviation maximum of the estimator

getOutputStrategy (removed starting from the 0.16 release, see NumericalMathFunction.getOutputHistory())

Usage : getOutputStrategy()
Arguments : none

Value : a HistoryStrategy, the storage strategy used to store the output random vector sample used
to evaluate the probability estimator of the event probability

getResult
Usage : getResult()
Arguments : none

Value : a SimulationResult, the structure containing all the results obtained after simulation and
created by the method run()

run
Usage : run()
Arguments : none

Value : it launches the simulation and creates a SimulationResult, structure containing all the
results obtained after simulation

setConvergenceStrategy

Usage : setConvergenceStrategy(myHistoryStrategy)

Arguments : myHistoryStrategy : a HistoryStrategy, the storage strategy used to store the values
of the probability estimator and its variance during the simulation algorithm.

Value : none

setInputOutputStrategy (removed starting from the 0.16 release, see NumericalMathFunction.enableHistory())

Usage : setInputOutputStrategy(mylInputOutputStrategy)

Arguments : mylInputOutputStrategy : a HistoryStrategy, the storage strategy used to store the
input and output random vector samples used during the simulation. The two strategies (the
one for the input vectors and the one for the output vectors) have to be of the same kind with
the same parameters, which is enforced by this method.

Value : none

Only the getBlockSize, get M aximumCoef ficientO fV ariation,
get M aximumQuter Sampling methods have an associated setMethod.

Derivative Classes :

DirectionalSampling
ImportanceSampling
LHS
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MonteCarlo
PostAnalyticalControlledImportanceSampling
Post AnalyticallmportanceSampling
QuasiMonteCarlo

Randomized LHS
RandomizedQuasiMonteCarlo
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14.4 MonteCarlo

This class inherits from Simulation.

Usage : MonteCarlo(event)

Arguments : cvent : an Event, the event we want to evaluate the probability
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14.5 LHS

This class inherits from Simulation.
Usage : LHS(event)
Arguments : event : an Event, the event we want to evaluate the probability

Details : Be carefull, to be valid, the LHS sampling method requires that the multi-variate distribution have
an independent copula. All events can be reduced to this case using the Rosemblatt transformation.
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14.6 RandomizedLHS

This class inherits from Simulation.
Usage : RandomizedLH S(event)
Arguments : event : an Event, the event we want to evaluate the probability

Details : Be carefull, to be valid, the RandomizedLHS sampling method requires that the multi-variate dis-
tribution have an independent copula. All events can be reduced to this case using the Rosemblatt
transformation.
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14.7 DirectionalSampling
14.7.1 DirectionalSampling

This class inherits from Simulation.
The Directional Sampling simulation operates in the standard space.

Usage :

Directional Sampling(event)

Directional Sampling(event, rootStrategy, samplingStrategy)

Arguments :

event : an Event, the event we want to evaluate the probability

rootStrategy : a RootStrategy, the strategy adopted to evaluate the intersections of each direction
with the limit state function and take into account the contribution of the direction to the event
probability. By default, rootStrategy = RootStrategy(SafeAndSlow)

samplingStrategy : a SamplingStrategy, the strategy adopted to sample directions. By default,

samplingStrateqy = SamplingStrategy( RandomDirection
pLtng gy pLing gy

Some methods :

getRootStrategy
Usage : getRootStrategy()

Arguments : none

Value : a RootStrategy, the root strategy adopted
getSamplingStrategy
Usage : getSamplingStrategy()

Arguments : none

Value : a SamplingStrategy, the direction sampling strategy adopted

Each getMethod is associated to a setMethod.
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14.7.2 RootStrategy
Usage :

RootStrategy()
RootStrategy(rootStrategyl mplementation)

Arguments :
rootStrategylmplementation : a RootStrategylmplementation, the implementation of the root strategy

adopted, which is RiskyAndFast, MediumSafe or SafeAndSlow
When not given, by default, rootStrategylmplementation = SafeAndSlow.

Some methods :

get M aximumDistance
Usage : getMaximumDistance()
Arguments : none

Value : a positive real value, the distance from the center of the standard space until which we
research an intersection with the limit state function along each direction. By default, the
maximum distance is equal to 8

getOriginValue
Usage : getOriginV alue()

Arguments : none

Value : a real value, the value of the limit state functino at the center of the standard space

getStepSize
Usage : getStepSize()
Arguments : none

Value : a real value, the length of each segment inside which the root research is performed.

Each getMethod is associated to a setMethod.
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14.7.3 RiskyAndFast

The RiskyAndFast strategy is the following : for each direction, we check whether there is a sign changement
of the standard limit state function between the maximum distant point (at distance MazimumDistance from
the center of the standard space) and the center of the standard space.

In case of sign changement, we search one root in the segment |origin, maximum distant point| with the selected
non linear solver.

As soon as founded, the segment [root, infinity point| is considered within the failure space.

It inherits from the methods of the RootStrategy class.

Usage :

RiskyAndFast()
RiskyAndF ast(solver)

RiskyAndF ast(solver, maximumDistance, stepSize)
Arguments :

solver : a Solver, the non linear solver used to research the intersection of the limit state func-
tion with the direction, on each segment of length stepSize, between the center of the space and
mazimumDistance (root research)

mazimumDistance : a real strictly positive value, the maximum distance within which the root research
is perfomed along each direction

stepSize : a real value, the length of each segment along a direction inside which the root research is
performed

By default, solver = Brent, maximumDistance = 8, stepSize =1

Some methods :

getSolver
Usage : getSolver()
Arguments : none
Value : a Solver, the non linear solver which will research the root in a segment

solve
Usage : solve( function,value)
Arguments :
function : a NumericalMathFunction, from R into R
value : a real value

Value : a ScalarCollection of dimension 1, the real value x such as function(z) = value researched
within [origin, mazimumDistance]

Each getMethod is associated to a setMethod.
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14.7.4 MediumSafe

The MediumSafe strategy is the following : for each direction, we go along the direction by step of length
stepSize from the origin to the maximum distant point (at distance MazimumDistance from the center of the
standard space) and we check whether there is a sign changement on each segment so formed.

At the first sign changement, we research one root in the concerned segment with the selected non linear solver.
Then, the segment [root, maximum distant point| is considered within the failure space.

If stepSize is small enough, this strategy garantees us to find the root which is the nearest from the origin.

It inherits from the methods of the RootStrategy class.

Usage :

MediumSafe()
MediumSafe(solver)

MediumSafe(solver, maximumDistance, stepSize)

Arguments :

solver : a Solver, the non linear solver used to research the intersection of the limit state func-
tion with the direction, on each segment of length stepSize, between the center of the space and
mazimumDistance (root research),

mazimumDistance : a real strictly positive value, the maximum distance within which the root research
is perfomed along each direction

stepSize : a real value. CARE : this value is not takjen into account in the root research : stepSize =
maximumDistance authomatically on the algorithm according to this root strategy

By default, solver = Brent, maximumDistance = 8
Some methods :

getSolver
Usage : getSolver()
Arguments : none

Value : a Solver, the non linear solver which will research the root in a segment

solve
Usage : solve( function,value)
Arguments :
function : a NumericalMathFunction, from R into R
value : a real value

Value : a ScalarCollection of dimension 1 (one root) : the real value = such as function(z) = value
researched the first segment of length stepsize, within [origin, maximumDistance] where a sign
changement of function has been detected

Each getMethod is associated to a setMethod.
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14.7.5 SafeAndSlow

The SafeAndSlow strategy is the following : for each direction, we go along the direction by step of length
stepSize from the origin to the maximum distant point(at distance MazimumDistance from the center of the
standard space) and we check whether there is a sign changement on each segment so formed.

We go until the maximum distant point. Then, for all the segments where we detected a the presence of a root,
we research the root with the selected non linear solver. We evaluate the contribution to the failure probability
of each segment.

If stepSize is small enough, this strategy garantees us to find all the roots in the direction and the contribution
of this direction to the failure probability is precisely evaluated.

It inherits from the methods of the RootStrategy class.

Usage :

SafeAndSlow()
SafeAndSlow(solver)

SafeAndSlow(solver, maximumDistance, stepSize)

Arguments :

solver : a Solver, the non linear solver used to research the intersection of the limit state func-
tion with the direction, on each segment of length stepSize, between the center of the space and
mazimumDistance (root research),

maximumDistance : a real strictly positive value, the maximum distance within which the root research
is perfomed along each direction

stepSize : a real value, the length of each segment along a direction inside which the root research is
performed.

By default, solver = Brent, maximumDistance = 8, stepSize = 1

Some methods :

getSolver
Usage : getSolver()
Arguments : none
Value : a Solver, the non linear solver which will research the root in a segment

solve
Usage : solve( function,value)
Arguments :
function : a NumericalMathFunction, from R into R
value : a real value

Value : a ScalarCollection, all the real values z such as function(x) = value researched in each
segment of length stepsize, within [origin, maximumDistance]

Each getMethod is associated to a setMethod.

(©2005-2011 EDF - EADS - PhiMeca



Open TURNS — User Manual for the TUI 355

14.7.6 SamplingStrategy
Usage :

SamplingStrategy()
SamplingStrategy(samplingStrategyImplementation)
SamplingStrategy(dimension)

Arguments :

samplingStrategyI mplementation : a SamplingStrategylmplementation, the implementation of the
sampling strategy adopted, which is RandomDirection, or Orthogonal Direction

dimension : an integer, the dimension of the standard space

By default, samplingStrategylmplementation = RandomDirection and dimension = 0 but the di-
mension automatically updated by the calling class

Some methods :

getDimension

Usage : getDimension()
Arguments : none
Value : an integer, the dimension of the standard space

Each getMethod is associated to a setMethod.
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14.7.7 RandomDirection
The RandomDirection strategy is the following : we generate some points on the sphere unity in the standard

space according to the uniform distribution and we consider both opposite directions so built.

It inherits from the methods of the SamplingStrategy class.

Usage :

RandomDirection()

Random Direction(dimension)
Arguments :

dimension : an integer, the dimension of the standard space

By default, dimension = 0 but automatically updated by the calling class

Some methods :

generate

Usage : generate()
Arguments : none

Value : a NumericalSample of size 2, two opposite random directions generated

getUni formUnitV ector Realization

Usage : getUniformUnitV ector Realization(dimension)

Arguments : dimension : an interger, the dimension of the sphere unity (which is the dimension
of the standard space)

Value : a NumericalPoint, a realization of a vector on the sphere unity, according to the uniform
distribution

Each getMethod is associated to a setMethod.
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14.7.8 OrthogonalDirection

The OrthogonalDirection strategy is the following : this strategy is parameterized by k£ € N. We generate one
direct orthonormalized base (eq,...,e,) within the set of orthonormalized bases. We consider all the renor-
malized linear combinations of k vectors within the n vectors of the base, where the coefficients of the linear
combinations are equal to {+1,—1}. There are C*2¥ new vectors v;. We consider each direction defined by
each vector v;.

If k£ =1, we consider all the axes of the standard space.

It inherits from the methods of the SamplingStrategy class.

Usage :

Orthogonal Direction()

Orthogonal Direction(dimension, size)
Arguments :

dimension : an integer, dimension of the standard space
size : an integer, the number of elements in the linear combinations described here above

By default, size = 1 and dimension = 0 but automatically updated by the calling class.

Some methods :

generate
Usage : generate()
Arguments : none

Value : a NumericalSample, a realization of a random direction according to the algorithm described
here above.

getUni formUnitVector Realization

Usage : getUniformUnitVector Realization(dimension)

Arguments : dimension : an integer, the dimension of the sphere unity (dimension of the standard
space)

Value : a NumericalPoint, a realization of a vector on the sphere unity, according to the uniform
distribution

Each getMethod is associated to a setMethod.
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14.7.9 Solver

This class enables to solve 1D non linear equations :
f(x) = wvalue, for x € (infPoint, supPoint)

if f is a continuous function from R in R, inf Point, supPoint € R and if f is such that f(infPoint) f(supPoint) <
0, then f has at least a zero in the interval (inf Point, supPoint).. In particular, it is used in the root research
of a directional sampling simulation.

Usage :

Solver (solver Implementation)

Solver(absolute Error, relative Error, maximumFunction Evaluation)

Arguments :
solver Implementation : a Solverlmplementation, the implementation of particular solver which is
Bisection, Brent or Secant,

absoluteError : a real positive value, absolute error : distance between two successive iterates at the
end point

relativeError : a real positive value, relative distance between the two last successive iterates (with
regards the last iterate)

mazimumEFunction Evaluation : an integer, the maximum number of evaluations of the function

Some methods :

get Absolute Error
Usage : get Absolute Error()
Arguments : none

Value : a real positive value, the absolute error : distance between two successive iterates at the
end point

getM aximumFunction Evaluation
Usage : get M azimumFunction Evaluation()
Arguments : none

Value : an integer, the maximum number of evaluations of the function

getRelative Error
Usage : getRelativeError()
Arguments : none

Value : a real positive value, the relative distance between the two last successive iterates (with
regards the last iterate)
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14.7.10 Bisection

The Bisection solver is a bisection algorithm.

Usage :

Bisection()

Bisection(absolute Error, relative Error, maximumFunction Evaluation)

Arguments :

absoluteError : a real positive value, absolute error : distance between two successive iterates at the
end point

relativeError : a real positive value, relative distance between the two last successive iterates (with
regards the last iterate)

maximumEFunction Evaluation : an integer, the maximum number of evaluations of the function

By default, absoluteError = 1075, relative Error = 107°, maximumFunction Evaluation = 100

Some methods :

solve
Usage :
solve( function, value, in f Point, supPoint)
solve( function,value, in f Point, supPoint,in fV alue, supV alue)
Arguments :

function : a NumericalMathFunction, the function of the equation function(x) = value we
want to solve on (infPoint, supPoint)

value : a real value, the value of the equation function(z) = value we want to solve on
(inf Point, supPoint)

infPoint : a real value, the lower bound of the interval where we want to solve the equation

supPoint : a real value, the upper bound of the interval where we want to solve the equation

infValue: a real value, the value of function on the point infPoint : function(infPoint),
must be of opposite sign of supValue

supValue: areal value, a real value, the value of function on the point supPoint : function(supPoint
must be of opposite sign of infValue

Value : a real value, the result of the root research, in (inf Point, supPoint)

Details : If the function f is continuous, the Bisection solver will converge towards a root of the
equation function(x) = value on (infPoint, supPoint). If not, it will converge towards either
a root or a discontinuity point of f on (inf Point, supPoint). Bisection garantees a convergence.

Bisection may fail.
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14.7.11 Brent

The Brent solver is a mix of Bisection, Secant and inverse quadratic interpolation.

Usage :

Brent()

Brent(absolute Error, relative Error, maximumFunction Evaluation)
Arguments :

absolute Error : a real positive value, the absolute error : distance between two successive iterates at
the end point

relative Error : a real positive value,the relative distance between the two last successive iterates (with
regards the last iterate)

mazimumEunction Evaluation : an integer, the maximum number of evaluations of the function

By default, absolute Error = 1072, relative Error = 10~°, mazimumFunction Evaluation = 100

Some methods :

solve
Usage :
solve( function, value, in f Point, supPoint)
solve( function,value, in f Point, supPoint,in fV alue, supV alue)
Arguments :

function : a NumericalMathFunction, the function of the equation function(z) = value we
want to solve on (infPoint, supPoint)

value : areal value, the value of the equation f(x) = value we want to solve on (in f Point, supPoint)
infPoint : a real value, the lower bound of the interval where we want to solve the equation
supPoint : a real value, the upper bound of the interval where we want to solve the equation
infValue: a real value, the value of function on the point infPoint : function(infPoint),
must be of opposite sign of supValue
supValue: areal value, a real value, the value of function on the point supPoint : function(supPoint
must be of opposite sign of infValue
Value : the result of the root research, in (infPoint, supPoint)

Details : If the function f is continuous, the Brent solver will converge towards a root of the equation
function(x) = value on (inf Point, supPoint). If not, it will converge towards either a root or
a discontinuity point of f on (infPoint, supPoint). Brent garantees a convergence.
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14.7.12 Secant

The Secant solver is based on the evaluation of a segment between the two last iterated points.

Usage :

Secant()

Secant(absolute Error, relative Error, maximumFunction Evaluation)
Arguments :

absoluteError : a real positive value, absolute error : distance between two successive iterates at the
end point

relativeError : a real positive value, relative distance between the two last successive iterates (with
regards the last iterate)

mazimumEunction Evaluation : an integer, the maximum number of evaluations of the function

By default, absolute Error = 1072, relative Error = 10~°, mazimumFunction Evaluation = 100

Some methods :

solve
Usage :
solve( function, value, in f Point, supPoint)
solve( function,value, in f Point, supPoint,in fV alue, supV alue)
Arguments :

function : a NumericalMathFunction, the function of the equation function(z) = value we
want to solve on (infPoint, supPoint)

value : a real value, the value of the equation function(x) = wvalue we want to solve on
(inf Point, supPoint)

infPoint : a real value, the lower bound of the interval where we want to solve the equation

supPoint : a real value, the upper bound of the interval where we want to solve the equation

infValue: a real value, the value of function on the point infPoint : function(infPoint),
must be of opposite sign of supV alue

supValue: areal value, a real value, the value of function on the point supPoint : function(supPoint
must be of opposite sign of infValue

Value : the result of the root research, in (infPoint, supPoint)

Details : Secant might fail and not converge.
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14.8 ImportanceSampling

This class inherits from Simulation.

Usage : ImportanceSampling(event, importanceDistribution)
Arguments :

event : a Event, the event we want to evaluate the probability
importanceDistribution : a Distribution, the importance distribution of the Importance Sampling sim-

ulation method.

Some methods :

getImportanceDistribution

Usage : getImportanceDistribution()
Arguments : none

Value : a Distribution, the importance distribution of the Importance Sampling simulation method
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14.9 PostAnalyticalSimulation

This class inherits from Simulation.

The principle is to perform a simulation study to evaluate the threshold exceedance probability according to
an importance density centered around the design point, in the standard space. The importance distribution is
the standard distribution of the standard space

Usage : A PostAnalytical Simulation object can be created only through its derivative classes : PostAnalyt-
icallmportanceSampling or PostAnalyticalControlledlmportanceSampling.

Some methods :

get Analytical Result() :
Usage : get Analytical Result()
Arguments : none

Value : a AnalyticalResult, which contains the results of the analytical study which has been per-
formed just before the simulation study centered around the importance factor.
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14.10 PostAnalyticallmportanceSampling

This class inherits from PostAnalyticalSimulation.

Usage : PostAnalyticalImportanceSampling(analytical Result)

Arguments : analytical Result : an AnalyticalResult which contains the whole information on the analytical
study performed before the simulation study : in particular, the standard distribution of the standard
space and the standard space design point.

Some methods :

run :
Usage : run()

Arguments : none

Value : it launches the simulation and creates a SimulationResult, structure containing all the
results obtained after simulation
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14.11 PostAnalyticalControlledImportanceSampling

This class inherits from PostAnalyticalSimulation.

Usage : PostAnalyticalControlledImportanceSampling(analytical Result)

Arguments : analytical Result : an AnalyticalResult which contains the whole information on the analytical
study performed before the simulation study : in particular, the standard distribution of the standard
space and the standard space design point.

Some methods :

run :
Usage : run()
Arguments : none

Value : it launches the controlled simulation and creates a SimulationResult, structure containing
all the results obtained after simulation
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14.12 QuasiMonteCarlo

This class inherits from Simulation.

Usage :

QuasiMonteCarlo(event)

QuasiMonteCarlo(event, sequence)

Arguments :

event : an Event, the event we want to evaluate the probability
sequence : a LowDiscrepancySequence, which is the low-discrepancy sequence used to generate the

samples (by default the Sobol sequence is used (SobolSequence))

Details : Be carefull, to be valid, the QuasiMonteCarlo sampling method requires that the multi-variate dis-
tribution have an independent copula. All events can be reduced to this case using the Rosemblatt
transformation.
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14.13 RandomizedQuasiMonteCarlo

This class inherits from Simulation.

Usage :

RandomizedQuasiM onteCarlo(event)

RandomizedQuasiM onteCarlo(event, sequence)

Arguments :

event : an Event, the event we want to evaluate the probability
sequence : a LowDiscrepancySequence, which is the low-discrepancy sequence used to generate the

samples (by default the Sobol sequence is used (SobolSequence))

Details : Be carefull, to be valid, the RandomizedQuasiMonteCarlo sampling method requires that the multi-
variate distribution have an independent copula. All events can be reduced to this case using the Rosem-
blatt transformation.
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14.14 SimulationResult

Usage : structure created by the method run() of a Simulation, and obtained thanks to the method get Result()

Some methods :

computeImportanceFactors

Usage : computelmportanceFactors
Arguments : none

Value : a NumericalPointWithDescription, the importance factors (49) evaluated from the coor-
dinates of the mean point (48) of event domain, mapped into the standard space as follows

¥ 1
Xe'uent = E Z;-Xilevent (&l) (48)
(Ur)’
Qi = T (49)
U2
where
Q* = T(X:vent) (50)

Be carefull : this notion is only valuable for Monte Carlo or LHS sampling as the mean is
evaluated from the (48) relation (ony uniform weights over the realizations Xj.

compute M eanPointInFEvent Domain

Usage : compute M eanPointInEvent Domain()
Arguments : none

Value : a NumericalPoint which is the mean point in the physical space of all the simulations
generated by the Simulation algorithm that failed into the event domain. Be carefull : this
notion is only valuable for Monte Carlo or LHS sampling as the mean is evaluated from the (48)
relation (only uniform weights over the realizations Xj.

getBlockSize

Usage : getBlockSize()
Arguments : none
Value : an integer, the number of terms in the probability simulation estimator grouped together

getCoef ficientO fVariation

Usage : getCoef ficientO fVariation()
Arguments : none
Value : a real value, the coefficient of variation of the simulated sample

getCon fidenceLength
Usage : getConfidenceLength()
Arguments : none

Value : a positive real value, the length of any confidence interval equal to the double of the variance
of the Monte Carlo estimator
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getOuterSampling
Usage : getOuterSampling()
Arguments : none
Value : an integer, the number of groups of terms in the probability simulation estimator

Details : for Monte Carlo, LHS and Importance Sampling methods, the number of evaluations of
the limit state function defining the event is : OuterSampling * BlockSize

getProbability E stimate
Usage : getProbability Estimate()
Arguments : none
Value : a positive real value, the Monte Carlo estimate of the event probability

getStandardDeviation
Usage : getStandardDeviation()
Arguments : none

Value : a positive real value , the standard deviation of the estimator at the end of the simulation

getVarianceEstimate
Usage : getVarianceEstimate()
Arguments : none

Value : a positive real value, the variance of the Monte Carlo estimator, equal to the M, (1 —M,)/n
if M, is the Monte Carlo probability estimator and n the size of the simulated sample
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15 Taylor decomposition of the limit state function

15.1 QuadraticCumul
Usage : QuadraticCumul(randVect)

Arguments : randVect : a RandomVector, constraint : this RandomVector must be of type Composite,
which means it must have been defined with the second usage of declaration of a RandomVector (from a
NumericalMathFunction and an antecedent Distribution)

Value : a QuadraticCumul

Some methods :

drawImportanceF actors

Usage : drawImportanceFactors()

Arguments : none

Value : a Graph, the structure containing the pie corresponding to the importance factors of the
probabilistic variables

getCovariance

Usage : getCovariance()
Arguments : none

Value : a CovarianceMatrix, approximation of first order of the covariance matrix of the random
vector

getImportanceF actors

Usage : getImportanceFactors()
Arguments : none

Value : a NumericalPoint, the importance factors of the inputs : only when randV ect is of dimension
1

getMeanFirstOrder

Usage : getMeanFirstOrder()
Arguments : none
Value : a NumericalPoint, approximation at the first order of the mean of the random vector

getMeanSecondOrder

Usage : getMeanSecondOrder()
Arguments : none

Value : a NumericalPoint, approximation at the second order of the mean of the random vector (it
requires that the hessian of the NumericalMathFunction has been defined)

getValueAtMean
Usage : getValueAtMean()
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Arguments : none

Value : a NumericalPoint, the value of the NumericalMathFunction which defines the random vector
at the mean point of the input random vector

getGradient At Mean
Usage : getGradient At Mean()
Arguments : none

Value : a Matrix, the gradient of the NumericalMathFunction which defines the random vector at
the mean point of the input random vector

getHessianAtMean
Usage : getHessianAtMean()
Arguments : none

Value : a SymmetricTensor, the hessian of the NumericalMathFunction which defines the random
vector at the mean point of the input random vector
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