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Conclusodes e sugestoes

7.1.
Conclusodes

No capitulo 5 foi apresentada uma nova estratégia ipnplementacéo do
FMM. Esta se diferencia da apresentada na litexgiar empregar o FMM para
uma solugdo genérica, tal como proposto por Dunereixoto (2014) e
apresentado no Capitulo 4. Desta forma, embora goriho tenha sido
desenvolvido para um problema de potencial, eside pger adaptado para
problemas com caracteristicas vetoriais, como um etiesticidade. Outra
contribuicdo € a substituicdo das funcdes de farsumis pelas apresentadas na
equagao (2.19), conforme proposto por Dumont (20a0yjue faz com que as
integracdes se tornem inteiramente polinomiaisireemo para elementos de alta
ordem, o que permite que estas sejam integradiscamaente.

O algoritmo desenvolvido também se diferencia dpsesentados na
literatura (Bapat e Liu, 2010) por utilizar distés topolégicas, ao invés de
distancias geométricas. Isto é feito atraves doriihgo desenvolvido por Dumont
(2012) que toma proveito da discretizacdo da malaea gerar a estrutura
hierarquica de adjacéncias. Conforme apresentadapdulo 5, a distancia entre
os elementos é avaliada pela adjacéncia entrearstesn dado nivel.

A partir dos resultados apresentados no Capitulob8gervou-se que o
numero de filhos associados a um polo influencisitpamente na reducéao do
erro, pelo fato de que quanto maior o nimero daeos associados a um polo
maior sera a quantidade de elementos adjacentge, Hhavera uma maior
guantidade de elementos avaliados por integragétadi

Com relacdo ao numero de termos da expansao, coerife que o
acrescimo destes influencia significativamente educdo do erro, sem que haja

uma reducéo significativa na eficiéncia do algooitm
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A implementacédo proposta se mostrou vantajosa emosede eficiéncia
computacional quando comparada ao CBEM, conformei$to nos resultados

apresentados no Capitulo 6.

7.2.
Sugestdes para trabalhos futuros

Os seguintes topicos podem ser abordados, em complacdo a presente
dissertacao:

* Implementacdo da técnica fast multipole ao Métodpeito dos
elementos de contorno (EBEM) no intuito de acelergsrocesso
computacional.

* Desenvolvimento da estratégia apresentada do GFMBPEM o
caso 3D.

» Desenvolver uma técnica unificada para a deterrdmda distancia
entre elementos que leve em consideracdo o critépoldgico
desenvolvido no presente trabalho com uma estrutimarquica

gue permita a avaliacdo de geometrias bastantpiiares.
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Apéndice 1

Neste apéndice sera apresentado o algoritmo whdfipara o refinamento
hierarquico de um contorno bidimensional discreliv@m elementos lineares,
guadraticos e cubicos (Dumont, 2012). Um algoritooespondente a este para
problemas tridimensionais pode ser obtido em Duradiguilar (2011).

9.1.
A Unified algorithm for hierarchical mesh refinemen t

The following unified algorithm refines a given rhesf either linear,

quadratic or cubic elements, which are charactéra® of typete= T _t[o,],

where
T_t.=[2 3 4 (8.1)

in terms of the element numbee. This is the most basic information to be input.
Then, t€ is the number of nodes of the element to be Bptlie mesh refinement.
In Equation (8.1), the entries correspond to linegiadratic or cubic elements,
although it can be easily generalized to higheepmlements. As implemented,
only one element type can appear in a given mesh.

Figure 28 shows the schemes of the three diffezkamhents considered in
the present algorithm, as taken out of a generahnoerresponding to a given

level of refinement.

. .2 7
5 A~ 1 5 6S 3 _ir
3 4 35 o2 3 855

Ny

!

o

\flw

a) Linear element

~

te=2, oe=1) D) Quadratic element (ze=3, 0e=2) c¢) Cubic element (ze=4, 0e=3)

Figure 28 - Scheme of three different elements that are split each into two sub-

elements.

In the subdivision procedure the elements aret galch into two sub-

elements. The nodes of each parent element argylocanberedl.. te. There are
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oe new generated nodes numbered sequentially acgorttn the array

Tnew = T — TneV\[ Oq ! Where

T _Thew=[[3] [4 9 [5 6 1] (8.2)
The coordinates of the new nodes are giverwpy, =T _ C . [od, Where
T_Coew=[[0] [-¥2 ¥4 [-73 0 2} (8:3)

in natural curvilinear coordinaté, as represented in Figure 28, which spans the
interval [-1,1].

The interpolation functions of the reference eletmeare given as
N =T _N[od, where

T_N[l,z,qzﬁl‘zf ,1+<‘} F‘f‘l’ ,}52,5@”1)} {(1—5)&2—1)

2 2 2 16
(8.4)

9(E-1E2-1) 9F+ DEE?) & )F2-1)
16 16 16

As outlined in the following, the procedure consigt subdividing each
element (the parent element) of a basic mesh-rafimé¢ level, thus creating new

nodes. An amountofi, ., =T _ N, [od hodes,

T_Npew=[1 1 3 (8.5)
is generated in the splitting procedure. These sodee numbered as

NumBarent_new= T— NUMBarent nely d6 where

TN et 2 35|11 1 (1 4 [} 3] @9

in the parent element, with each column referringone of the generated
elements, as obtained from Figure 1. In the geedratements, these nodes are

referred to in terms oNumRyiq new= T_ Numbyig ned 96 Where

T _NumBpig new[l 2 3]:[[2 i[2 2 [i ;ﬂ (8.7)

On the other handn,, =T _ N, 4[0d (pre-existing) nodes of the parent

element, where

T_Nog=[1 2 2 (8.8)
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are inherited by the new elements. These nodes rasmbered as

Numtbarent_ o= T_ Numlﬁarent_ od d& where

T _ NUMBarent o[l 2 3]:[[1 | B ﬂ E iﬂ (8.9)

in the parent element, with each column referringone of the generated
elements, as obtained from Figure 1. In the geedratements, these nodes are

referred to in terms oNumBig o = T_ Numfyq ol de Where

T _Numbpig ol 2 3]:{[1 | [; ﬂ E jﬂ (8.10)

9.1.1.

Input data
« oe: either 1, 2 or 3, which defines the element {4852, 3 or 4).
* nee: Initial number of elements of the initial level.
+« nne: Number of nodes of the initial level.

* nv: Number of additional levels of mesh refinememtr (€xample,nv=1

indicates that the structure will be refined once).

« Tables Xgl[ ] and YgI[ ]with nne node coordinate entrips y], which
are the initial nodes of the mesh structure to &ned. This table is
successively expanded, as new nodes are added dueimesh refinement.

« Tableinc[K|[ ], wherek =1 refers to the initial, first level local-to-global
nodal incidence of the input mesh and the secotrg are nee arrays, each

one with t€ global node numbers of the elements. Arrayg k][ | for

k=2..nv+1, will be generated as a result of the mesh refargm

9.1.2.
Output data
As already indicated, the output data are a gematain of the input data,
which now refer tonv+1 levels of refinement:
« nek k=1...nw 1 Number of elements at each one of ther1 levels.

« nglk[k=1...nv+ ] Number of nodes at each one of the+1 levels.
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« TablesXgl[ ] andYgl[ ] with nglk[ nv+1] node coordinate entries,

which correspond to the input values plus the coatds of the generated
nodes.

« Atableinc[k=1..nv+ ][ ] with nv+1 levels of arrays of local-to-global
node incidences. The second entry are w'ﬂelk[ @ , k=1..nv+1, arrays,

each one witH€ global node numbers of the elements.

The algorithm generateav+1 levels of mesh refinement, including the
initial one, which is referred to as level 1. Thember of elements on any level is
two times the number of elements of the precedewgll And the number of
nodes is not known in advance.

9.1.3.
Initial definitions

 Initial number of elements (on levav=0): neK1] = nee
 Initial number of nodes (on leveiv=0): nglk[1] = nne
+ Element typel€, according to Eq. (8.1)

* Array T,,, With the local numbering of the new nodes, accuydo
Eq.(8.2)

* Array c,,, Of natural coordinateg of the new nodes, according to
Eq.(8.3)

» Shape functiond\(¢) , according to Eq.(8.4)
N, 4 according to Eq. (8.8)
according to Eqg. (8.5)

Nnew

9.1.4.
Execution of the algorithm

1. Loop for the refinement levels, countingk from1 to nv

» Define the number of elements of the next levell] k+1] =2 x nek k

* |nitialize the counter of the number of nodes o€ thext level:
nglkl k+1] = nglf k (start counting the total number of nodes foelev

k+1)

1.1 Loop for the elements to be split into 2 elem&sy counting

i fromlto nel K


DBD
PUC-Rio - Certificação Digital Nº 1321903/CA


PUC-RIo - Certificacdo Digital N° 1321903/CA

76

Evaluate the coordinates of the generated new nodes

Thewll]... Thed N 1ol » Which are all internal.

1.1.1  Loop for the new nodes, counting,,,, from1to o,
nglk[k+1] = ngl{ k+1]+1 (add 1 to the total number of nodes)

OMhew| inew] = NOIk[ k+1] (temporary array with the global

numbering, to be used in loop 1.1.2.2)
le
Xgl[nglK k+1]] =Z N[ §( Ged el Xdl Iric Kk, i1l
j
le
Yglngl§ k+1]] =Z N 10 Ged e Y6 IMclk, ill
j

End of loop 1.1.1 with variablej

new"

1.1.2 Loop to assign the incidences of the generdtelements,

counting ie from1to2

Generate the nodal incidence table for the alreadsting

nodes:

1.1.2.1 Loop for the old nodes, counting,,, from1to N4

Inc[k+1][2i1-2+ie, Numbniig oial bigs 1€ = INE K, T NUMByrene olfi dia Tl

End of loop 1.1.2.1 with variablg, , .

Generate the nodal incidence table for the newsiode

1.1.2.2 Loop for the old nodes, counting,,,, from1to oe

|nc[k+1][2i_2+ie' Num@hild_neV\I inew 'Q] = gr\qe[/v Numbparegt an imld]ip

End of loop 1.1.2.2 with variablg,,, .

End of loop 1.1.2 with variablé&e for the generated elements.

End of loop 1.1 with variabléfor the elements split into two new ones.
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Apéndice 2

Neste apéndice apresenta-se o algoritmo unificada ps expansdes do
GFMBEM, estes sao executados apés o refinamentonaha segundo o
algoritmo, desenvolvido por Dumont (2012), apreseéatno apéndice anterior.
Esta implementacao foi realizada a partir do algaridesenvolvido por Dumont
(2012) em linguagem Maple® o qual é responsavel pahcdo da estrutura de
adjacéncias descrita no Capitulo 5, e aplicadar@ic de ‘fast multipole’ pela
autora. O algoritmo foi desenvolvido em linguageifi € esta disponivel para

consulta.

10.1.A unified algorithm for pole expansions

The following procedures are executed inside therosements loop,

countingie from1 to nel{ k= J] and all the others procedures are called inside it

The combinations of the following main proceduresthwthe refinement

procedure presents in the former appendix, outmuvéctorsGt and Hd .

10.2.
Unified algorithm for the generation of refined bou ndary meshes —
use of a hierarchical concept

The following algorithm describes the constructadithe element adjacency
structure for general 2D or 3D problems. This cphahall replace the concept of
node adjacencies, as applied up to here.

10.2.1.
Input data

The input are the results from the mesh generatigorithms for a 2D and
the number of partitionsiv, which is the number of element subdivisions, \whic

is always equal to 2 or 4, for 2D or 3D problems.
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10.2.2.
Output data

« el_adj[K|[id][ ig which is the element adjacency

« n_adj[K][ig number of adjacent elements

where Kk is the refinement level (equal to 1, in the ifitimg algorithm), i€ is
the reference element and is one of the adjacent elements. By definition in

the following algorithm, an element is adjacenitself.

10.2.3.
Algorithm for the first level ~ (k =1)

Initialize the counter of adjacent elementsunt=0

Store the global numbering of the reference eIerrﬂepIit[l] =ie

1 Loop for the possible adjacent elements, countinig from 1 to nef 1

Set the initial condition for breaking the searoh &n adjacent element:

breakCond= falsi

1.1 Loop for the nodes of the reference element, countj

i, from 1to te while breakCond= fals

1.1.1 Loop for the nodes of the adjacency candidatelement,

counting i, from 1to te while breakCond= fals

if inc[1][ie,i,] =inc[][ia.i,s]then (adjacency found)
count= count-1
elAdj[1][ count = ie
breakCond=tru(exit loopsi,, andi,)
end if
End of loop 1.1.1(i,,)
End of loop 1.1(i,)

(This is the return point from the above if looptire case of adjacency
found)
End of loop 1(ia)
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Nagj[1][i€] = count (Total number of adjacent elements to elenient

The algorithm just described produces a global caajay structure. The
following algorithm describes the construction loé element adjacency structure
for the subsequent levelk $1). However, they refer to thép partitioned

elements derived from a parent element, startiown fihe first, coarsest mesh, and

in the frame of successive mesh refinement.

10.2.4.
Algorithm for the next levels  (k >1)

This routine evaluates the element adjacencies ginem refinement level

once the adjacencies of the parent element arerknow

10.2.4.1.
Input data

» latest evaluated levek
» parente element globally numberii
« corresponding adjacenciesAdj[ K|[ ]

 numbern,y [K][ ] of adjacent elements of the parent elerenfon levelk )

10.2.4.2.
Output data

The procedure consists in splitting the given pastementie of level k

into NP elements, also generating the necessary adjacemasmation. For

eipr =1..np, evaluate

* Global numbering of the split elemeriep = (ie-1) np+ iepr, stored in
elsplit] k+1]
*  Number of adjacent elementg; [k +1]

* Adjacency structurelAdj[ k+1][ ], which is a set wit,; [k +1] elements.

10.2.4.3.
Execution of the algorithm

1. Loop for the NP split elements, countingiepr from 1 to np
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Evaluate the global numbering of the split eleméey:= (ie-1) np+ iepr
Store the global numbering of the split elemestsplit] k+1] = ief

Initialize the counter of adjacent elementsunt=0

1.1. Loop for the adjacent elements on levelk, counting

ia from 1to ng;[ K

1.1.1. Loop for the split elements (levek +1) originated from the

adjacent elements on level k, countingapr from 1 to np

Evaluate the global numbering of the adjacent spmiement
iap = (elAdj[ K|[ ia] 1) np+ iapr

Set the initial condition for breaking the searoh &n adjacent element:

breakCond= falsi

1.1.1.1. Loop for the nodes of the reference spblement, counting

inb from 1to te while breakCond= fals

1.1.1.1.1 Loop for the nodes of the adjacency camidite

element,counting i, , from 1to te while breakCond fals
if inc[k+1][iep,|,] = inc[ k+ [ iap, j,4] ther (adjacency found)
count= count-1
elAdj[k+1][ count = ap
breakCond=tru(exit loopsi., andi )
end if
End of loop 1.1.1.1.1.(i,,,)
End of loop 1.1.1.1. (i)

(This is the return point from the above if loop the case of
adjacency found)

End of loop 1.1.1. (iapr)
End of loop 1.1. (ia)

Naq; [ K +1] = count (Total number of adjacent elements to elemeptr )

Test if the most refined mesh has been attained
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if (k+1)=(nv+1) then the limit level has been attained

else

end if

Evaluate the contribution of the adjacent elemémisugh CBEM
(Procedure 1)

Evaluation of the first expansion and the vect@rsandH for the
element’s nodes through Procedure 2.

Test if all brothers of the current microelementrevexpanded to
the father pole, if some expansions are still tartzle the test is
closed, returning to the current, where a structiiradjacencies of
the brother element will be constructed and subeeityr go
through all given former procedures. In case aildcklements
have already been expanded then Procedure 3 istereavhich is
responsible for managing the expansions relat&alRiglM, having

as a result the relative contributions of vectGtsand Hd .

The current procedure is called recursively, givagyparameters

the levelk = k+1 and the elemerie = iep.

End of loop 1(iepr)

10.2.5.

Procedures referred to in the algorithm

10.2.5.1.

input for the procedures referred to in the algorit hm

n : number of series terms.

kgey - level from which elements are considered adjacamd are

evaluated through the CBEM.
*  keniq - difference of levels between parent and chilanelets.

* ket determine the last level of field expansions.

* Initial definitions:
Define vector fac through_Preliminary Procedure 1

Define matrixC through Preliminary Procedure 2
Define vectorQ(Z) through_Preliminary Procedure 3
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10.2.5.2.
Procedures

Procedure 1: This procedure evaluates the adjagentents contribution

through the CBEM, using numerical integration ane proposed substitution of
bt 9] ey /191
1. Loop for the adjacent elements to the field elemenfiepr), counting
ia from 1 to nAd] kg |

Adjacent element at level,.,, : ia_ parent= elAd[ gy ][ id

1.1.Loop for the child adjacent element, counting n,q

from 1 to ng"*~keem)

Adjacent element at level;,, -

ia_child =(ia_ parent-1) nf™* M) 1+ g
Execute the CBEM algorithm.

End of loop 1.1.(ngpiig )

End of loop 1. (ia)

Procedure 2: In this step the first expansion dof field element is
calculated, this being in reference to the expam$siom the node of the child

element to the node of the parent element at thel lev+1- k4 - At this

moment the part§ andH of the contributions to the vectos andH will be
calculated. These parts will be temporarily savethe linenv+1 of the matrixes

Pmatrixg and Pmatrixh, respectively.

Parent elemenparent= elsplif nw1- Kq]

Evaluate the coordinates of the parent’s ch(I:@:: 0.5( Xoole T Ypole! ) where:

Xoole = XgI[ ind nv+1~ kpig][ parent] |+ Xdl ink w1~ ky][ parent o |
Ypole = YOI ind nv+1~ kpyg[ parent] [+ Y@l ifc mvi- ky][ parent ed |
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Generate the vecto with the distances between the each node of #id fi

element and the pol%o:

for jl from 1to oe+ 1dc
Al jl] :z[j|]—zCO
end do
where z[ jI] = Xgl[ inc[nv+1][iepr, j[ ]+ Yg[ ind nw1][ iepr j]] |
1. Loop for the nodes of the field element (iepr), counting
jl from 1to oe+1
Local numbering of the field nodgk = (iepr-1) oe+ jl
forito (n+1) do
PMatrixg[ nv+1, | = PMatrixd nw1, | +
IntegTableG1 Jac] tvectdr jk iep
PMatrixh[ nv+1, | = PMatrix{ nw1, }+
IntegTabIeH]dvectdr[ ifc nv J[ iepr ]J])

where Jad) in the nodal value of the jacobian that will be

evaluated through _ Procedure 4 anthtegTableGC and
IntegTableH are the results of the integration (4.27) and®284,

respectively, provided by the integration tables.

end do ( loop)

End of loop 1. ( jI)

Procedure 3: This procedure oversees the expanseingen field points,
besides being responsible for expansions betwekhdnd source poles.

The first step is to evaluate witch source elemsradjacent to the field
element on the current expansion leve),(this evaluation is done through the list

of adjacent elements on the level-(k,; 4 )-

Define the child element that will have its polgarded:child = elsplit]
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1. Loop of the adjacent elements on levelk -k, counting
ia from 1 to nyg;[ k= kpig]
Adjacent parente eleme e = elAdj[ k= kepia][ 4]
1.1. Loop of child elements of the adjacent elementn the level
k = keniig, €OUNtiNG ngyq from 1 to 77, do

child of the adjacent elemerigiggq =(iaparem—1)l7c+nch”d

Start of the adjacency test between the child ef¢rfie,;q) and the

field element.
Set the initial condition for breaking the searohdn adjacent element:

breakCond= falsi

1.1.1. Loop of the adjacent elements on levelk, counting

Nyerit from1to ng[ § while breakCone  fal

Test if immediate adjacency occurs between the exdésn

if iagig :eladj[k}[nverif] ther stop the search defining:
breakcond= tru

end if

End loop 1.1.1. Qe )

In case elements are adjacent on levelk,,, , but not on levek

if breakCond = false the
source= igpjq
Evaluate vectorQ(Zz) regarding elements on levék and the
contributions to vector&t and Hd . (Procedure 3.2)

end if

End of loop 1.1.(ngpiig )
End of loop 1.(ia)

The second step involves the evaluation of the msipas between the

current field pole and the pole of the parent elenom levelk - k,;, , if there

are expansions to be made.

Test if there still are poles to be expanded,
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if K=Kenilg = kexp then Procedure 3.1 is called, where the parent element
will be: parent= elspli{ k- Kpiq]

Next, a test is done to see if the brother of thiédelement has already

been expanded to the parent element.

" (2 child

J:even number the all the child elements have already
¢

been expanded to the father element

The current procedure is called again, giving k - k_,;4 » Which is

the level of the current pole.

enf if

else if (k= lkpjq) < ko ther it means that all the expansions between field

poles were taken care.
Since this corresponds to the last expansion pdll@on-adjacent elements

on level k - k., are looked for, meaning all source elements forcwhhe

contributions where not evaluated.

2. Loop for the source elements on levek - k., candidates for non-
adjacency, countingel _source fromL to nek & k4]

Set the initial condition for breaking the searar fa non-adjacent

element:breakCond= falsi

2.1. Loop for the adjacent elements at levelk - k4, counting

Nyerit from1to nyg[ k= kpiq] while breakCond  fal:

if el __source= eIACﬂ k- &]"d :||: %rif] the eI_SourCE iSs an

adjacent element
breakCond= trus

end if

End of loop 2.1.(Nverif)

if breakCond= false the the elements are not adjacent

2.2. Loop for the source child elements, counting

Nehilg from 1 to Nchild dc
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Source element non-adjacent at lelel
source=( el_ sourcel) Nchileh g

Evaluate vectoQ(Z) relative to elements on levél and then
the contributions to the vectofst andHd . (Procedure 3.2)

End of loop 2.2.(ngpiq )
end if
End of loop 2. (el _sourcg
Reinitialize MatrixesPMatrixg and PMatrixh.

end if

Procedure 3.1: This procedure is responsible ®ettpansion between field

poles.

Calculation of the vectorP(Z) of dimensio{n+1), relative to the

expansion of poles of consecutives leveds.being the distance between the child

element pole of levek and the parent of level - k4 -

Evaluate the coordinates of the parent eleméﬁgr'ent:O.S( Xparent™ Y paren )

where:

Xparent = X[ ind k= kgl [ parent] |+ Xdl inE k lgiol[ parent oef |
Yparent = YOI ind k= ke[ parent] [+ Y4I irfc k [ parent od] |

Evaluate the coordinates of the child elemengyq =0.5( Xhiig + Yeniia ! )

where:
Xehita = Xgl[ ind K[ child1] |+ Xg| in¢ §[ child oe 1|
Yenia = YOI ind K[ child] |+ gl inf K child oe ]

Evaluate vectoiP(Z), whereZ = zig = Zparent
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Pvectof1] =1

Pvecto[2] = Z

for i from 3to (n+J do
Pvectof | = Pvectof +1) Z

end do

forito (n+1) do

i

PMatrixg[ k i = PMatrixg[ k {+> d ji+1~ j] PMatrixq] k+ kg, | Pvear[i + 1~ j]
i=1
i

PMatrixh[ k, i] = PMatrix{ k {+>" d j i+1- || PMatrixt] k+ kyq, | Pvear|i+ 1- ]
=1

end do ( loop)

Reinitialize the linek + kchild of matrixesPMatrixg and PMatrixh.

Procedure 3.2: This procedure can happen in twerdiit ways, depending
if the source expansions will or not be considered.

a) Procedure 3.2 without source expansion: This pno@ed responsible

for the evaluation ofQ(Z) vector, as it was defined in Equation (4.5),

and for the evaluation of the contributions for #eetorsGt and Hd .

In this procedure, variable Z is substituted intee®(Z) which was pre-

calculated, beingZ the difference of coordinates between the fielk: chnk )

and the source element’s nodg § at levelnv+1

Evaluation of the field pole coordinatecgk ;

x¢ = Xgl[ inc[ K[ child1] |+ Xg[ in¢ §[ child oe 1]

Y =Ygl[inc[ k][ childl]]+ Yg[ in{: H child oe]]] - Z nk =O.5( X + Vi | )

1. Loop for the source microelements, counting;, 4 from 1 to ng"***)
Source element at leveiv+1
source_ child= ( source 1) n(f)““l_k) +  Rig

1.1. Loop for the source element’s nodes, countingnl from 1 to oe
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Evaluation of the field pole coordinafes ) :

xs = Xgl[ ind nv+1][ source child npl .
¥s =Ygl ind nv+1][ source child - =%t Ys
for i from 1to (n+ 1) do

Q] =Q(zn - )1
end do

Evaluation of the contributions for vectors

G[m|= ¢[n]+ R{g fad | PMatrixq k Kiq . C[g]i]

H[m = ﬁ[n1+lm£r§ fad -1 PMatrint k- kyg, F 1 Q]ij

j=2
wherem= inc[ nv+1][ source child nj
End of loop 1.1.(ml)

End of loop 1. (Nnghig )

b) Procedure 3.2 with source expansion: This proceguresponsible for

the evaluation of vector®(Z), as defined in Equation (4.7), and for the

evaluation of the contributions for the vectét and Hd .

In this procedure, variable Z is substituted intee®(Z) which was pre-
calculated, beingZ the difference of coordinates between the fielt® chnk )
and the source poIeng, ) at levelnv+1
Evaluation of the field pole coordinatecgk ;

x¢ = Xgl[ inc[ K[ child1] ]+ Xg[ ind [ child oe]]]}

ys =Ygl ind K[ childl]]+ Yof inf K child oed] | Zo=0.5(% + y 1)

c

Evaluation of the field pole coordinatzeL§ ;

xs = Xgl[ inc[ K[ sourcel] |+ Xdl ing § source ad] ]

¥s =Ygl ind K[ sourcd] |+ Yl irfc]k source od ]

}—’ Znl :0-5()(3"' ysl)
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Evaluation of vectoQ(Z) as defined in Equation (4.7):
for i from 1to 2(n+ 3 do
Q=02 20
end do
1. Loop for the source microelements, counting _ child from 1 to né”"”_")
Source element at leveiv+1:
source_ child= ( source1) dp**T¥+ n chil
1.2. Loop for the source element’s nodes, countingnl from 1 to oe
Xsc = XgI[ ing] nv+1][ source chilgd njl )
Yec = YgI[ ind nw+1][ source child i =70 = (Xt Yael)

Evaluate theP(Z) vector related to the source expansion:
Pvectof] =1

Pvecto[2] = Z

for i from 3to (n+J do

Pvectof | = Pvectof +1) Z
end do

whereZ :(anl - %)
Evaluate of the vecto@(z) related to the source expansion, as defined in

Equation (4.7):

for i from 1to (n+ 2 do

n+l

Qi(Zan - %)zlz::l fag h:’( Znl ~ oz) Qj—l( A I_%l)

end do

Evaluation of the contributions for vecto@ and Hd
G[m|=G[n]+

n+l 1
R é% PMatrixg[ k+ kg I]jzz‘1 fad j PvectorSourde] j R+ 1( - o)!}
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H[m| = H[n]+
|m£r§fa0[| 1] PMatrixh] k+ kpq, i- ]]Z fad | PvectorSourgd i [Q+ —j]](

=2 =1

wherem= inc[ nv+1][ source child nj
End of loop 1.1.(ml)

End of loop 1. (n_ child)

Procedure 4: Evaluation of the nodal value of theobian

()= 3. V(&) od] | xo[ ing ] iy
©)=3 (e odl 1val i el 11]|

£) = \Jdx(£)? + dy(£)?

Where j refers to the field microelement under considergtiN' is the

table with the shape functions derivatives, asemtsl in Equation (4.30), and the

parametric variableé is replaced by the natural coordinates given by th

following table, resulting =TabJad odf |

TabJadl 2 g=[[0 4§ [0 12 1 [0 A3 23 ]]

10.2.6.
Preliminary procedures for the GFMM

This group of procedures are evaluated before #mgr grocedure, since it
only need as input the number of series termand they will be executed only

once.

Preliminary Procedure 1: Evaluatac vector

fac[1] =1
fac[2] =1
for i from 3to n do

fac[i] = fac(i-1)/i

end do

o)zj
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Preliminary Procedure 2: Evaluate Matfix

for i from 1to (n+1) do
cli.]=1
Cl[Li]=1
for j from 1to (n+ 3 do
cli.j]=c[i-1j]+C[ij-1
end do (loop )
end do (loop )

Preliminary Procedure 3: Pre-evaluation of the\dgives vectorQ(Z), as

defined in Equation (4.5).

Q[1]=f(2)
for i from 1to Qdim dc

Q-2 2]

aZ(i—1)
end do
Where Qdi (n+2) for procedure 3.2 without sourcepaxsior
im=
2(n+1) for procedure 3.2 with source expansion
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