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Outline

Set up the problem (weak solution of the
Helmholtz Problem)

Polynomial Basis

Interpolation

Differentiation

Integration

Projection
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Tutorial Driving Application:
Helmholtz Problem

Find v € V such that u satisfies the boundary

conditions and such that for all v € V),

(Vu, Vo) + (u,v) = (f,v)
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What do we need?

( ) + (u,v) = (f, )

a

Representation Differentiation Integration

Numerical

. o uadrature
Differentiation Q

Polynomials
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Polynomial Basis:
Choosing a representation

Polynomials provide a powerful means of representing
continuous functions

Monomial Basis u(x) = ag + a1 + aoxr’ + . ..

Basis Type eMonomial

Lagrange Basis  u(x) = u(xo)ho(x) + u(z1)hi(z) + ...
BasisType eGLL Lagrange

Legendre Basis  u(z) = toLo(z) + U1L1(x) + ...
BasisType eLegendre
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Interpolation

Given a collection of points xg,...,xn and function values

fo, ..., fn at those point, find an approximation u(x)
such that u(z;) = f(x;) for all j

f (Qﬁj ) Lagrange Basis:

Interpolant
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Interpolation

Given zg, z1,...,2M and Zi\il u(xz; ) h;(x)
u(zk) = Xizo w(@i)hi(zx)

Values at new points Interpolation Matrix Values at points

ho(zg) ... hn(20) u(xp)

ho(ZM) hN(ZM) u(ZIL‘N)
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Differentiation

Monomial Basis

Lagrange Basis

Legendre Basis
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Differentiation

Given zg, z1,...,zp and Z,ﬁil u(x; ) hs(x)

u'(21) = Yieo w(@s) i (zn)

Derivatives at new points Derivative Matrix Values at points

ho(20) - hiy(20) u(o)

ho(zpr) -0 Ry(za) u(z )
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Integration

1 Q—1
/_ WO~ Y wil6)

integrating polynomials
e polynomial of order P: P+ parameters
e Gaussian quadrature:
e Q 2 P/2 + 0.5 (Gauss-Legendre)
e Q 2 P/2 + 1.0 (Gauss-Radau-Legendre)
e Q 2P/2 + |.5 (Gauss-Lobatto-Legendre)

1=0

1 pl Q1—1 Q2—1
2D: / / u(&1,82)dE1dés = Z w; Z wju(&,, €2,)
—1 J—1 5=0
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Integration

a remarkable property
o fix Q
* exact integration for every polynomial up to order (2Q-1)

\

o

R -————
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Projection

Given a function f(z) on |—1, 1] find coefficients 4, such that

(¢r, R(u)) =0 for all ¢, k=0,..., N

where R(u) = u(x) — f(x
. (1) = u(@) - f(z)

Projection N
with u(x) =

Lj
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Projection

For each k, (¢g, R(u)) =0
(¢k U( ) f( )) = ( Quadrature Approximation

(gbk Z] Ou]¢j f(:l? ) 0 of Inner Products
— (9%, Z] 0 Uj®5) = (o, f(x)) «—>  f)
— ZFO(%,%)U; = (¢, f)

( (¢0,P0) ... (P0,PN)

(6n:60) ... (6, 0N)
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Nektar++ code

StdExpansion
A

StdExpansionlD| |StdExpansion2D| |StdExpansion3D

J

StdSegExp StdQuadExp StdHexExp ] objects of these classes contain:

ithe geometry of an_element

‘ StdTriExp StdPrismExp ' edata: o ajstandard expansion| (a parametrix mapping from a standard
objects of these ' to the local element, which entirely describes the geometry)
classes contain: - : o the geometric factors of the transformation (Jacobian, ...
expansion on standard element u(&;) = ' StdPyrExp -

o data: o the basis ¢,(§;)
o the coefficients a, Geometry VertexComp

o the physical values u(&;) StdTetExp 1

GeometrylD Geometry2D Geometry3D

StdRegions library

3y
T— EdgeComp QuadFaceComp - HexGeom
1 I
SegGeom QuadGeon| PrismGeom

HexExp

PrismExp

TriFaceComp PyrGeom

TriGeom

objecs of these classes contain: PyrExp
expansion on local element u(z;) = - dp(x:)i,
e data: o the basis ¢,(x;)
o the coefficients 1,
o the physical values u(x;)
o the jgeometryl of the element

SpatialDomains library

TetExp

LocalRegions library

E this library contains:
wseveral utilities supporting the other libraries
e linear algebra routines
e block-matrix routines
e data managers and memory pools
e polynomial manipulation routines

ExpList
)

ExpList1D ExpList2D ExpList3D

LibUtilities library

ContExpList1D ContExpList2D ContExpList3D
[} ) )
ContField1D ContField2D ContField3D

DisContField1D DisContField2D DisContField3D

objects of these classes contain:
expansion on a global region u(x;) = >° > ¢h(;)u;
e data: o a list of{local elemental expansions
for the classes ContExpListiD, ContFieldiD, DisContFieldiD:
o the global coefficients 49
o a mapping array from the local to the global degrees of freedom
for the classes ContFieldiD, DisContFieldiD:
o information about the boundary conditions

MultiRegions library

Nektar++




