
Preprint of the paper 
 
"Enrichment of weighted least-squares approaches for potential problems in 
engineering applications" 
G. Mosqueira, I. Colominas, F. Navarrina, M. Casteleiro (2000) 
En "Mecánica Aplicada e Computational", vol. II, 1713---1722; P.M.M. Vila Real, J.J. 
Gracio (Editors); Universidade de Aveiro, Portugal. (ISBN: 972-8021-61-5) 
 
http://caminos.udc.es/gmni 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Repositorio da Universidade da Coruña

https://core.ac.uk/display/61893044?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


eWiy]<�eWq !3 Geyp<qe* NeV7q 7+=Vie7
V__i!V]<e7 3!i _!qeWqyVN _i! Ne�7

yW eWpyWeeiyWp V__Ny]Vqy!W7

p� �BRJZ�$�sd� y� ]BjB8$tsRd� 3� Ws%s��$tsd stI �� ]sR��j�$�Bd

V 7qiV]q

yt �Y$R }s}��� b� ��%$�b Bt� BP �Y� 8�RYj�RR 8��YBIR }�B}BR�I $t jsR� k�s�R PB�
RBj%$t� ABZtIs�k %sjZ� }�BAj�8R AsR�I Bt s b�$�Y��I j�sR� RJZs��R 8��YBI� 3Z��Y��T
8B��� b� stsjk9� �Y� ZR� BP �t�${Y8�t� ��{Yt$JZ�R BP �Y� RBjZ�$Bt $t B�I�� �B $8}�B%�
�Y� {B8}Z�s�$Btsj {BR�� qY�R� 8��YBIR sjjBb �B $t��BIZ{� RB8� $tPB�8s�$Bt sABZ� �Y�
RBjZ�$Bt $t �Y� tZ8��${sj PB�8Zjs�$Bt� 3$tsjjk� RB8� d* stI 1* �-s8}j�R �B RB8� ��R�
}�BAj�8R s�� }��R�t��I�

d� yWqi!*=]qy!W

WZ8��${sj R$8Zjs�$Bt $t 8BR� BP �Y� h�jIR BP �Y� �t�$t���$t� stI R{$�t{� Ys%�
�tB�8BZRjk $t{��sR�I R$t{� �Y� R$-�$�R IZ� �B �Y� I�%�jB}8�t� BP Y$�Y �^{$�t� tZ8��${sj
8��YBIR stI sI%st{�R $t {B8}Z��� R{$�t{�R� p�t��sjjk R}�s,$t�� �Y�R� tZ8��${sj ��{YT
t$JZ�R RZ{Y sR ht$�� �j�8�t�R� ABZtIs�k �j�8�t�R� ht$�� %BjZ8�R B� ht$�� I$&���t{�R
s�� PBZtI�I Bt �Y� I$%$R$Bt BP �Y� IB8s$t BP �Y� }�BAj�8 w$t RB8� {sR�R� sjRB B� Btjk
$�R ABZtIs�$�RD $t R8sjj }s��R wRZAIB8s$tRD� bY��� �Y� $t����s�$Bt BP �Y� I$&���t�$sj
�JZs�$BtR $R }��PB�8�I� <Bb�%��� �Y$R }�B{�RR BP }s��$�$Bt BP �Y� IB8s$t wB� 8�RY ��tT
��s�$BtD A�{B8�R s AB��j� t�{,� R}�{$sjjk $t n* }�BAj�8R� qYZR� �Y� I$R{���$9s�$Bt BP �Y�
IB8s$t {st $t%Bj%� 8B�� {B8}Z�$t� �&B�� w$t 8�8B�k stI ]_= �$8�D �Yst �Y� $t��T
��s�$Bt stI RBj%$t� }�B{�RR�R $t RB8� }�s{�${sj s}}j${s�$BtR RZ{Y sR 8B%$t� ABZtIs�$�R
}�BAj�8R� b$�Y I$R{Bt�$tZ$�$�R $t �Y� IB8s$t� B� b$�Y s %��k {B8}j${s��I ��B8���k� 3B�
$�� RB8� tZ8��${sj 8��YBIR bY��� 8�RY�R s�� Ztt�{�RRs�k Ys%� A��t }�B}BR�I $t jsR�
k�s�R�

3$t$�� I$&���t{�R s}}�Bs{Y�R b��� �Y� B�$�$t BP �Y� h�R� 8�RYj�RR 8��YBIR wX}s�T
�${j� 8��YBIR"D $t �s�jk R�%�t�$�R $t �Y� {B8}Z�s�$Btsj }YkR${R h�jI w78BB�Y _s��${j�
<kI�BIkts8${R 8��YBI� 7_<Dd�;� V I$&���t� �k}� BP 8�RYj�RR 8��YBIR w�Y� *$&ZR�

wdDU V}}j$�I �s�Y�8s�${R *}��� ]$%$j et���� 7{YBBj� =t$%��R$IsI I� Ns ]B�ZKts� Ns ]B�ZKts� 7_VyW



ej�8�t� ���YBI� *e�D� bsR }�B}BR�I Ak Wsk�Bj�Rx $t d��1� yt �Y$R 8��YBI� s AsT
R$R PZt{�$Bt stI s b�$�Y�$t� PZt{�$Bt s�� ZR�I �B I�ht� s jB{sj s}}�B-$8s�$Bt AsR�I
Bt s R�� BP s�A$��s�k tBI�R� yt d��;�  �jkR�{Y,B �� sj�8BI$Pk stI ��ht� �Y$R 8��YBI�
}�B}BR$t� �Y� ej�8�t� 3��� psj��,$t 8��YBI we3p�DE� $t bY${Y s 8B%$t�Tj�sR� RJZs��R
w�N7D $t���}Bjs�$Bt $R ZR�I �B I�ht� �Y� jB{sj s}}�Bs{Y� N$Z �� sj�}�B}BR�I s 8�RYj�RR
��{Yt$JZ� w�Y� i�}�BIZ{$t� ���t�j _s��${j� ���YBI� i�_�D AsR�I Bt s {Bt%BjZ�$Bt
$t����sj� bY${Y $� $R R$8$js� �B 7_< 8��YBI� sj�YBZ�Y R�%��sj {B���{�$Bt PZt{�$BtR stI ��T
ht�8�t�R s�� $t��BIZ{�I $t B�I�� �B sRRZ�� {BtR$R��t{k t�s� ABZtIs�$�R stI PB� tBtZt$T
PB�8 R}s{$t��� VtB�Y�� �k}� BP I$&���t� 8�RYj�RR 8��YBIR s�� AsR�I Bt }s��$�$BtR BP
Zt$�k stI }�B%$I� st �^{$�t� bsk �B }��PB�8 YT} sIs}�$%$�k wY}T]jBZIR 8��YBIM stI
�Y� _s��$�$Bt BP =t$�k 3$t$�� ej�8�t� ���YBI �D� !t �Y� B�Y�� YstI� !Kts�� �� sj�d(

Ys%� }�B}BR�I s 8��YBI bY${Y {B8A$t�R �Y� 8B%$t� j�sR� RJZs�� s}}�B-$8s�$Bt b$�Y s
}B$t�T{BjjB{s�$Bt s}}�Bs{Y �B {B8}Z�� �Y� $t����sj ���8R� $t {Bt%�{�$%� ��stR}B�� stI
4Z$I 4Bb }�BAj�8R� qY$R 8��YBI {B8}j���jk s%B$IR �Y� t�{�RR$�k BP 8�RY ��t��s�$Bt�
A�{sZR� tB sZ-$j$s�k ��$I $R ��JZ$��I� 3Z��Y��8B��� I$&���t� ��{Yt$JZ�R {st A� I��$%�I
$P �Y� b�$�Y�$t� PZt{�$Bt $R Xh-�I" w*$&ZR� N�sR� 7JZs�� 8��YBI� *N7D B� $� I�}�tIR
Bt �Y� }B$t� bY��� �Y� s}}�B-$8s��I %sjZ� $R {B8}Z��I w�B%$t� N�sR� 7JZs�� 8��YBI�
�N7D�

!t �Y� AsR$R BP �Y�R� b�$�Y��I j�sR�TRJZs��R 8��YBIR� b� Ys%� ��{�t�jk }�B}BR�I s
tZ8��${sj s}}�Bs{Y �B RBj%� }B��t�$sj }�BAj�8R $t �j�{��${sj �t�$t���$t� s}}j${s�$BtRdd,d1�
RZ{Y sR ��BZtI$t� stsjkR$R� bY��� �Y� ZR� BP R�stIs�I tZ8��${sj 8��YBIR wRZ{Y sR ht$��
�j�8�t�RD s�� }��{jZI�I IZ� �B �Y� {B8}j�-$�k BP �Y� IB8s$tdn� yt �Y$R }s}��� b� ��%$�b
�Y$R b�$�Y��I j�sR�TRJZs��R $t���}Bjs�$Bt b$�Y s }B$t� {BjjB{s�$Bt s}}�Bs{Y PB� RBj%$t�
ABZtIs�k %sjZ� }�BAj�8R� stI b� �-}jB�� �Y� ZR� BP �t�${Y8�t� PZt{�$BtR $t �Y$R ,$tI
BP tZ8��${sj s}}�Bs{Y�R�

1� Geyp<qe* NeV7q 7+=Vie7 V__i!�y�Vqy!W7

G�$�Y��I N�sR� 7JZs��R 8��YBIBjB�k $R st �&�{�$%� tZ8��${sj 8��YBI PB� �Y�
s}}�B-$8s�$Bt BP s PZt{�$Bt $t ���8R BP s R�� BP I$RB�I���I Is�s� y� {BtR$R�R BP s jB{sj
b�$�Y��I j�sR� RJZs�� h��$t�� %sj$I Bt s R8sjj t�$�YABZ�YBBI w�>D BP s }B$t� stI AsR�I
Bt �Y� $tPB�8s�$Bt }�B%$I�I Ak $�R z {jBR�R� }B$t�R� qY� jB{sj {Ys�s{��� BP �Y� s}}�B-T
$8s�$Bt {B8�R P�B8 s b�$�Y�$t� PZt{�$Bt bY${Y �s,�R $�R 8s-$8Z8 %sjZ� s� �Y$R }B$t�
stI %st$RY�R BZ�R$I� s RZ��BZtI$t� ���$Bt wPB� �-s8}j�� s ��Zt{s��I �sZRR$st PZt{�$Bt
B� s {BtB$IsjDd;� qY� }�B}�� I�ht$�$Bt BP �Y� s}}�B-$8s�$Bt s� �%��k }B$t� ��JZ$��R
�Ys� sjj RZAIB8s$tR �> {B%�� sjj �Y� $t���}Bjs�$Bt IB8s$t� �Y�t �Y�R� RZAIB8s$tR 8ZR�
B%��js} stI �Y� {B88Bt s��sR Ys%� �B $t{jZI� �tBZ�Y tBIsj }B$t�R $t B�I�� �B �tRZ��
�Y� {Bt%����t{� BP �Y� 8��YBIM�

qY� s}}�B-$8s�$Bt |̀w??????????????D BP s PZt{�$Bt `w??????????????D $t s IB8s$t �> {st A� b�$���t sR

`w??????????????D �) |̀w??????????????D )
E3
7)d

�7w??????????????D7 ) ��������������0w??????????????D wdD

A�$t�  ) >d, 1, 3 3 3 , EH
0 s R�� BP Zt,tBbt {B�^{$�t�R� stI ��������������w??????????????D �Y� AsR� BP $t���}BT

js�$t� PZt{�$BtR w8BtB8$sj ���8R� ��t��sjjkD bY${Y B�I�� $RE� qY�R� AsR� $t���}Bjs�$t�
PZt{�$BtR ZRZsjjk s�� tB�8sj$9�I b$�Y$t �s{Y RZAIB8s$t �> Ak I$%$I$t� PB� �Y� 8s-$T
8Z8 I$R�st{� A��b��t �s{Y }B$t� 7 BP �Y� IB8s$t stI �Y� RZ��BZtI$t� }B$t�R� bY${Y
sjjBbR �B I�ht� tB�8sj$9�I {BB�I$ts��R b$�Y$t �Y� RZAIB8s$t �>�



!t �Y� B�Y�� YstI� �Y� Rs8}j$t� BP �Y� PZt{�$Bt `w??????????????D $t �Y� z }B$t�R A�jBt�$t�
�B �> {st A� b�$���t sR�

`̀̀̀̀̀̀̀̀̀̀̀̀̀_ )

ChhhH
`_d
`_1
���
`_z

InnnO �)

ChhH
|̀d
|̀1
���
|̀z

InnO )

ChhH
��������������0d
��������������01
���
��������������0z

InnO ) CCCCCCCCCCCCCC w1D

bY��� `_i s�� �Y� %sjZ�R BP �Y� Zt,tBbt PZt{�$Bt �%sjZs��I $t �Y� tBIsj }B$t�R BP �>

w$���� `_i ) `w??????????????iD� i ) d, 3 3 3 , zD� |̀i ) |̀w??????????????iD s�� �Y�$� s}}�B-$8s��I %sjZ�R� stI ��������������i
{Bt�s$tR �Y� tB�8sj$9�I AsR� $t���}Bjs�$t� PZt{�$BtR �%sjZs��I $t ??????????????i �

yt ��t��sj� $P z k E� CCCCCCCCCCCCCC $R s ��{�st�Zjs� 8s��$- stI �Y� s}}�B-$8s�$Bt {sttB�
h� sjj �Y� tBIsj %sjZ�R `_i � <Bb�%��� �Y� s}}�B-$8s�$Bt |̀w??????????????D {st A� I����8$t�I Ak s

8$t$8$9$t� }�B{�RR BP �Y� �Y� b�$�Y��I RZ8 BP �Y� RJZs�� I$&���t{�R A��b��t �Y� �-s{�
%sjZ� `_i stI �Y� s}}�B-$8s�$Bt |̀w??????????????iD s� �s{Y tBIsj }B$t� ??????????????i A�jBt�$t� �B �Y� IB8s$t

BP s ��t��${ tBI� ??????????????� qY� b�$�Y�$t� PZt{�$Bt $R ZRZsjjk AZ$j� $t RZ{Y s bsk �Ys� $� �JZsjR
Zt$�k $t }B$t� ??????????????> stI %st$RY�R BZ�R$I� $�R RZAIB8s$t� qYZR� A�$t� �>w??????????????i,??????????????D s b�$�Y�$t�
PZt{�$Bt {B8}Z��I $t ??????????????i wbY${Y RYs}� stI R}st I�}�tI Bt }B$t� ??????????????D� b� {st I�ht� �Y�
PZt{�$Btsj

Ow??????????????D )
z3
i)d

�>w??????????????i,??????????????Dw`
_
i � |̀w??????????????iDD13 wnD

yP b� �s,� $t�B s{{BZt� �-}��RR$Bt w1D� �Y� 8$t$8$9s�$Bt BP PZt{�$Btsj Ow??????????????D sjjBbR
�B BA�s$td;U

 ) \\\\\\\\\\\\\\�dw??????????????D44444444444444w??????????????D`̀̀̀̀̀̀̀̀̀̀̀̀̀_ \\\\\\\\\\\\\\w??????????????D ) hhhhhhhhhhhhhhPPPPPPPPPPPPPP w??????????????Dhhhhhhhhhhhhhh0 44444444444444w??????????????D ) hhhhhhhhhhhhhhPPPPPPPPPPPPPP w??????????????D w;D

A�$t� sZ-$j$s� 8s��${�R hhhhhhhhhhhhhh stI PPPPPPPPPPPPPP w??????????????DU

hhhhhhhhhhhhhh ) >��������������w??????????????dD 3 3 3 ��������������w??????????????zDH PPPPPPPPPPPPPP w??????????????D ) Q7y/
J
�>w??????????????i,??????????????D

o
, i ) d, 333, z wxD

stI �Y� s}}�B-$8s�$Bt |̀w??????????????D �B PZt{�$Bt `w??????????????D $t �> $t �Y� PBjjBb$t� PB�8U

|̀w??????????????D ) ��������������0w??????????????D\\\\\\\\\\\\\\�dw??????????????D44444444444444w??????????????D `̀̀̀̀̀̀̀̀̀̀̀̀̀_3 wED

WBb� b� {st I�ht� XRYs}� PZt{�$BtR" ]]]]]]]]]]]]]]0w??????????????D %sj$I $t �Y� RZAIB8s$t �> $t ���8R
BP ��������������0� stI 8s��${�R \\\\\\\\\\\\\\�d 44444444444444U

]]]]]]]]]]]]]]0w??????????????D ) ��������������0w??????????????Dggggggggggggggw??????????????D� ggggggggggggggw??????????????D ) \\\\\\\\\\\\\\�dw??????????????D44444444444444w??????????????D3 w�D

VR b� Ys%� }��R�t��I� $t �Y$R tZ8��${sj s}}�Bs{Y �Y� jB{sj %sjZ�R BP �Y� s}}�B-T
$8s�$t� PZt{�$Bt IB tB� h� �Y� tBIsj Zt,tBbt %sjZ�R w|̀w??????????????iD W) `_i D� yP �Y� b�$�Y�$t�

PZt{�$Bt R�j�{��I $R {BtR�st� stI �JZsjR �Y� Zt$�k� b� ��}�BIZ{� �Y� R�stIs�I j�sR�
RJZs��R 8��YBI� !t �Y� B�Y�� YstI� $t �Y� }s��${Zjs� {sR� bY�t z ) E� s ht$��
�j�8�t� �k}� s}}�B-$8s�$Bt $R ��{B%���I stI �Y��� $R tB �&�{� BP b�$�Y�$t�d;�



n� eWiy]<�eWq !3 �e7<Ne77 �eq<!*7

qY� �t�${Y8�t� BP s tZ8��${sj s}}�Bs{Y $R st �&�{�$%�t�RR ��{Yt$JZ� �B s%B$I s
Y$�Y ��ht�8�t� BP �Y� 8�RY $t RB8� }�BAj�8R $t {B8}Z�s�$Btsj 8�{Yst${R� p�t��sjjk
R}�s,$t�� �Y� �t�${Y8�t� B� �tYst{�8�t� }�B{�RR {BtR$R�R BP $t��BIZ{$t� RB8� ,tBbt
$tPB�8s�$Bt sABZ� �Y� RBjZ�$Bt BP �Y� }�BAj�8 $t �Y� ��$sj PZt{�$BtR� qY�R� 8��YBIR
b��� }�B}BR�I $t 8$ITR�%�t�$�R PB� ht$�� �j�8�t�R s}}�Bs{Y�R stI RZ{{�RPZjjk s}}j$�I
�B I$&���t� }�BAj�8Rdx�

yt 8�RYj�RR 8��YBIR� �Y$R �tYst{�8�t� }�B{�RR $R R$8}j�� stI �sR$�� �B }��PB�8
�Ys� $t ht$�� �j�8�t�R PB�8Zjs�$BtRdx,dE� y� 8sk A� {s��$�I BZ� $t I$&���t� bskRU Ak
sII$t� �Y� R�� BP �t�${Y8�t� PZt{�$BtR �B �Y� ��$sj PZt{�$BtR wX�-��$tR${ �t�${Y8�t�"D�
B� Ak $t{jZI$t� �Y� �t�${Y8�t� PZt{�$BtR $t �Y� b�$�Y��I j�sR�TRJZs��R $t���}Bjs�$Bt
AsR$R wX$t��$tR${ �t�${Y8�t�"D�

yt �Y$R }s}�� b� PB{ZR� BZ� s���t�$Bt $t �Y� �-��$tR${ �t�${Y8�t� BP 8�RYj�RR
8��YBIR AsR�I Bt b�$�Y��I j�sR� RJZs��R 8��YBIR� qYZR� $P b� ,tBb �Y� I�}�tI�t{� BP
�Y� RBjZ�$Bt b$�Y s PZt{�$Bt wB� s R�� BP PZt{�$BtRD� b� {st I�ht� �Y� s}}�B-$8s�$Bt |̀
�B �Y� PZt{�$Bt ` $t �Y� PB�8

|̀w??????????????D ) ��������������0w??????????????DL

zW3
i)d

p
>iBiw??????????????D

Q
wMD

A�$t� ��������������w??????????????D s {B8}j��� }BjktB8$sj AsR$R $t �Y� R}s�$sj {BB�I$ts��R�  �Y� %�{�B� BP
Zt,tBbtR sRRB{$s��I �B �Y� AsR$R� zW �Y� tZ8A�� BP �t�${Y8�t� PZt{�$BtR Biw??????????????D �Ys�
b� $t��BIZ{�� stI >i wi ) d, zW D �Y� �jBAsj Zt,tBbtR sRRB{$s��I b$�Y PZt{�$BtR Bi �
W�-�� {B�^{$�t�R  {st A� BA�s$t�I $t s R$8$js� bsk �B �YBR� $t wdD Ak ZR$t� �Y� GN7
8��YBIBjB�k }��R�t��I $t �Y� }��%$BZR R�{�$Bt� sj�YBZ�Y sII$�$Btsj ���8R s}}�s� P�B8
�Y� $t{jZR$Bt BP �Y�R� �tYst{�8�t� PZt{�$BtR� WBb� $P b� ��I�ht� �Y� PZt{�$Btsj O $t wnD
$t ���8R BP �Y� t�b s}}�B-$8s�$Bt wMD� $�R 8$t$8$9s�$Bt sjjBbR �B BA�s$t �Y� PBjjBb$t�
�-}��RR$Bt PB� |̀

|̀w??????????????D )
z3
7)d

]7w??????????????D

^
`_7 �

zW3
i)d

p
>iBiw??????????????7D

Q�
L

zW3
i)d

p
>iBiw??????????????D

Q
w�D

bY��� RYs}� PZt{�$BtR ]7w??????????????D w7 ) d, zD s�� $I�t�${sj �B }��%$BZRjk I�ht�I $t w�D�
e-��$tR${ �t�${Y8�t� BP 8�RYj�RR 8��YBIR {st sjRB A� }��PB�8�I $t s R$8}j�� stI

{B8}Z�s�$Btsjjk PsR��� bsk �Yst w�D Ak ZR$t� }s��$�$Bt BP Zt$�k 8��YBIRdx� yt �Y$R {sR��
�Y� s}}�B-$8s�$Bt $R 8BI$h�I Ak sII$t� s AsR$R BP �t�${Y8�t� PZt{�$BtR �-��$tR${sjjk
�B �Y� �-$R�$t� GN7 s}}�B-$8s�$Bt� qY�R� t�b PZt{�$BtR {st A� }BjktB8$sjR BP Y$�Y��
B�I�� �Yst �Y� GN7 $t���}Bjst�R AsR$R� B� PZt{�$BtR {Bt�s$t�I $t �Y� �-s{� RBjZ�$Bt BP
�Y� }�BAj�8� bY${Y s�� R8BB�Yjk sII�I �B �Y� �N7 s}}�B-$8s�$Bt Ak 8Zj�$}jk$t� $� Ak
s }s��$�$Bt BP Zt$�kdx,dE� 7$t{� RYs}� PZt{�$BtR $t GN7 s}}�B-$8s�$BtR s�� }s��$�$BtR BP
Zt$�k� �Y$R �-��$tR${ �t�${Y8�t� }�B{�IZ�� P��JZ�t�jk �s,�R �Y� PB�8

|̀w??????????????D )
z3
7)d

]7w??????????????D

CH`_7 L zW w7D3
i)d

>7iBiw??????????????D

IO wd(D

bY��� zWw7D $R �Y� tZ8A�� BP �t�${Y8�t� PZt{�$BtR BP tBIsj }B$t� 7 w$t ��t��sj� zW {st A�
I$&���t� PB� �s{Y tBIsj }B$t�D� stI >7i s�� Zt,tBbtR {B�^{$�t�R sRRB{$s��I �B �Y� AsR$R



BP �t�${Y8�t� PZt{�$BtR� qY$R 8��YBI $R s �BBI ��{Yt$JZ� PB� jB{sj �t�${Y8�t�U R$t{�
{BtR$R��t{k $R sRRZ��I Ak �Y� }s��$�$Bt BP Zt$�k �$%�t Ak �Y� RYs}� PZt{�$BtR PB�8�I b$�Y
�Y� AsR$R BP GN7 $t���}Bjst�R� �Y� �t�${Y8�t� BP �Y� s}}�B-$8s�$Bt 8sk A� }��PB�8�I
jB{sjjk Ak sII$t� �-��$tR${sjjk PZt{�$BtR BP s t�b AsR$R� y� RYBZjI A� tB��I �Ys� �Y$R
�t�${Y8�t� YsR �B A� sII�I �B �s{Y tBI� $t�B �Y� ���$Bt �B A� �tYst{�Idx�

qY� $t��$tR${ �t�${Y8�t� {BtR$R�R BP �Y� $t{jZR$Bt BP R}�{$sj PZt{�$BtR $t �Y� {B8T
}j��� }BjktB8$sj AsR$R BP �Y� b�$�Y��I j�sR� RJZs��R $t���}Bjs�$Bt� qY$R 8��YBI IB�R tB�
��JZ$�� �Y� $t��BIZ{�$Bt BP sII$�$Btsj Zt,tBbtR �B �Y� tZ8��${sj R{Y�8�� $t {Bt��sR�
�B �Y� �-��$tR${ �t�${Y8�t�� sj�YBZ�Y RB8� sII$�$Btsj {B8}Z�s�$Btsj �&B�� $R ��JZ$��I
�B BA�s$t RYs}� PZt{�$BtR ]]]]]]]]]]]]]]w??????????????D R$t{� �Y� $t{��sR� BP �Y� tZ8A�� BP PZt{�$BtR BP �Y�
AsR$R� stI RB8� }�BAj�8R BP $jjT{BtI$�$Bt$t� {st s�$R�� !t �Y� B�Y�� YstI� $� $R %��k
I$^{Zj� �B }��PB�8 jB{sj �t�${Y8�t� b$�Y �Y$R 8��YBI� stI R$t{� $� $R tB� }BRR$Aj� �B
I�j��� PZt{�$BtR P�B8 �Y� AsR$R A�{sZR� $� }�BIZ{�R I$R{Bt�$tZ$�$�R $t �Y� s}}�B-$8s�$Bt�
s R}�{$sj ��{Yt$JZ� 8ZR� A� ZR�I �B 8$- tBIsj }B$t�R b$�Y I$&���t� AsR$R PZt{�$BtRdx�

yt �Y$R }s}��� b� b$jj {BtR$I�� �Y� �-��$tR${ �t�${Y8�t� ��{Yt$JZ� AsR�I Bt }s��$T
�$Bt BP Zt$�k 8��YBI PB� b�$�Y��I j�sR� RJZs��R 8�RYj�RR 8��YBIR� Vj�YBZ�Y �Y� tZ8A��
BP I�����R BP P���IB8 $t{��sR�R b$�Y $�R ZR� w$P s tBIsj }B$t� 7 $R �t�${Y�I� �Y�t �Y� �B�sj
tZ8A�� BP Zt,tBbtR �B BA�s$t PB� $� $R zWw7D L d� $tR��sI BP dD� �Y$R �tYst{�8�t� }�BT
{�IZ�� {st A� s}}j$�I jB{sjjk $t I$&���t� }s��R BP �Y� s}}�B-$8s�$Bt� A�$t� JZ$�� �sRk
$�R $8}j�8�t�s�$Bt $t s 8�RYj�RR {BI��

;� *y7]ieqy�e* e+=Vqy!W7 !3 q<e W=�eiy]VN �!*eN

yt �Y$R R�{�$Bt b� ��%$�b �Y� BA��t�$Bt BP �Y� I$R{���$9�I �JZs�$BtR BP �Y� tZ8��T
${sj R{Y�8� PB� s ABZtIs�k %sjZ� }�BAj�8� N�� Z stI - A� �bB I$&���t�$sj B}��s�B�R� �
�Y� IB8s$t BP �Y� }�BAj�8 stI � $�R ABZtIs�k w� ) �0 � �`D� yt �Y�R� ���8R� s R{sjs�
ABZtIs�k %sjZ� }�BAj�8 {st A� b�$���t sR�

Zw`D ) K $t �, -w`D ) 0 $t �0, `� `� ) ( $t �`, wddD

bY��� ` $R �Y� RBjZ�$Bt� K stI 0 ��}��R�t� �Y� s{�$BtR B%�� � stI sjBt� �Y� ABZtIs�k
�0� stI `� $R �Y� }��R{�$A�I %sjZ� BP ` sjBt� �`�

V %s�$s�$Btsj PB�8 BP �Y$R }�BAj�8 {st A� BA�s$t Ak ZR$t� �Y� b�$�Y��IT��R$IZsjR
8��YBI $t ���8R BP �Y� ��$sj s}}�B-$8s�$Bt PZt{�$Bt |̀ BP �Y� Zt,tBbt `� sR8
�
Pi >Zw|̀D�KHQ�L

8
�0

/Pi >-w|̀D�0HQ�L
8
�`

//Pi >|̀�`�HQ� ) (, i ) d, 333, z� wd1D

bY${Y 8ZR� YBjI PB� sjj 8�8A��R BP s R�� BP z� PZt{�$BtR Pi � /Pi stI
//Pi BP s RZ$�sAj�

{jsRR BP ��R� PZt{�$BtR I�ht�I Bt �� �0 stI �`
d(,d;�

W�-�� �Y� R�j�{�$Bt BP I$&���t� ��R� PZt{�$BtR $t �Y$R %s�$s�$Btsj PB�8 sjjBbR �B
BA�s$t I$&���t� tZ8��${sj PB�8Zjs�$BtR� _s��${Zjs�jk� $t B�I�� �B �s,� sI%st�s�� BP
�Y� 8�RYj�RR {Ys�s{��� BP �Y� tZ8��${sj s}}�B-$8s�$Bt� b� {st ZR� *$�s{ I�j�sR sR

��R� PZt{�$BtR� �Ys� $R s }B$t�T{BjjB{s�$Bt s}}�Bs{Y wPi ) /Pi )
//Pi ) &iD

d;� !�Y��
sZ�YB�Rx,E,�,M Ys%� }�B}BR�I $t����sj 8��YBIR� bY${Y ��JZ$�� RB8� ,$tI BP sZ-$j$s� ��$I
�B �%sjZs�� �Y� ��RZj�$t� $t����sjR� yt �Y� {sR� BP �Y� }B$t�T{BjjB{s�$Bt R{Y�8�� �Y�
PBjjBb$t� R�� BP �JZs�$BtR $R BA�s$t�IU

>Zw|̀DHi � Ki ) (, i ) d, 333, z� $t �

>-w|̀DHi � 0i ) (, i ) d, 333, z� $t �0

|̀i � `� ) (, i ) d, 333, z� $t �`

wdnD



WBb� $P �Y� tZ8��${sj s}}�B-$8s�$Bt $R tB� �t�${Y�I� �$%�t s R�� BP z� RYs}�
PZt{�$BtR I�ht�I Bt �� s}}�B-$8s�$Bt |̀ �B �Y� RBjZ�$Bt ` {st A� I$R{���$9�I sR�

|̀ )

z�3
7)d

]7`
_
7 ) ]]]]]]]]]]]]]]0`̀̀̀̀̀̀̀̀̀̀̀̀̀_, wd;D

A�$t� z� �Y� �B�sj R{s�����I }B$t�R BP �Y� RBjZ�$Bt IB8s$t� stI bY��� PZt{�$BtR ]]]]]]]]]]]]]]
0 s��

BA�s$t�I Ak ZR$t� �Y� b�$�Y��I j�sR�TRJZs��R 8��YBIBjB�k $t w�D� 3$tsjjk� b� BA�s$t
�Y� PBjjBb$t� RkR��8 BP j$t�s� �JZs�$BtRU

��������������`̀̀̀̀̀̀̀̀̀̀̀̀̀_ ) WWWWWWWWWWWWWW wdxD

bY��� {B�^{$�t� 8s��$- �������������� $R R}s�R� AZ� tB� t�{�RRs�k Rk88���${ w�i7 ) >Zw]7DHi L
>-w]7DHiD� WWWWWWWWWWWWWW {Bt�s$tR �Y� {Bt��$AZ�$BtR P�B8 ���8R K stI 0 stI }��R{�$A�I %sjZ�R `�� stI

`̀̀̀̀̀̀̀̀̀̀̀̀̀_ {Bt�s$tR �Y� Zt,tBbt %sjZ�R BP �Y� PZt{�$Bt �%sjZs��I $t tBIsj }B$t�R� yt �Y� {sR� BP
$t��BIZ{� �t�${Y8�t� PZt{�$BtR �B I�ht� �Y� b�$�Y��I j�sR�TRJZs��R $t���}Bjs�$Bt� $� b$jj
A� t�{�RRs�k �B ZR� 8B�� {BjjB{s�$Bt }B$t�R $t wdnD $t B�I�� �B BA�s$t sjj �Y� Zt,tBbtR�

x� W=�eiy]VN e�V�_Ne7

yt }��%$BZR bB�,R b� Ys%� R�ZI$�I �Y� P�sR$A$j$�k BP �Y� b�$�Y��I j�sR� RJZs��R
8�RYj�RR 8��YBIR PB� �Y� stsjkR$R BP }B��t�$sj }�BAj�8R $t �Y� �j�{��${sj �t�$t���$t�
h�jIdd,d1� yt �Y$R R�{�$Bt� b� PB{ZR� BZ� s���t�$Bt Bt �Y� {B8}s�$RBt BP �Y� ��RZj�R BP �bB
tZ8��${sj ��R�R BP }B��t�$sj }�BAj�8R bY�t s R�stIs�I b�$�Y��I j�sR�TRJZs��R s}}�Bs{Y
stI st �t�${Y�I Bt� s�� ZR�I�

d* WZ8��${sj q�R�

G� b$jj {BtR$I�� �Y� PBjjBb$t� ABZtIs�k %sjZ� }�BAj�8� bY${Y ��}��R�t�R �Y�
Ns}js{� �JZs�$Bt b$�Y ��%BjZ�$Bt Rk88���k bY�t R}Y��${sjR {BB�I$ts��R s�� ZR�IU

d

�1
Q

Q�

w
�1
Q~

Q�

W
) ( , (3(d � � � U � ~ w(3(dD ) d, ~ wUD ) (, wdED

bY${Y stsjk�${sj RBjZ�$Bt $R �$%�t Ak ~ w�D ) (3(d
U� (3(d

p
U
� � d

Q
�

qYZR� $P b� {BtR$I�� PB� �Y� �t�${Y8�t� PZt{�$Bt db� stI PB� s �$%�t R�� BP z�
��$sj PZt{�$BtR ]7 I�ht�I Bt �Y� IB8s$t� �Y� s}}�B-$8s�$Bt |~ �B �Y� RBjZ�$Bt ~ {st
A� b�$���t $t �Y� PB�8U

G$�YBZ� �t�${Y8�t� PZt{�$BtRU |~ )

z�3
7)d

]7`
_
7 3

G$�Y �t�${Y8�t� PZt{�$BtRU |~ )

z�3
7)d

]7w`
_
7 L yd,7Bdw�DD3

qB�sj �t�${Y8�t�U Bdw�D ) db�, (3(d � � � U3

NB{sj �t�${Y8�t�U

TzZ Bdw�D ) (� (3(d � � c �(�
Bdw�D ) db�� �( � � � �d�
Bdw�D ) (� �d c � � U�

wd�D



Points of subdomain: 5
Nodal points: 10

MLS without enrichment
Collocation points: 10

MLS with total enrichment
Collocation points: 20

MLS with partial enrichment
Collocation points: 12
Enriched zone: [0.01-0.20]

Points of subdomain: 5
Nodal points: 10

MLS without enrichment
Collocation points: 10

MLS with total enrichment
Collocation points: 20

MLS with partial enrichment
Collocation points: 12
Enriched zone: [0.01-0.20]

V E
rr

(%
)

r r

E
rr

(%
)

r

V E
rr

(%
)

r

E
rr

(%
)

r

Points of subdomain: 5
Nodal points: 30

MLS without enrichment
Collocation points: 30

MLS with total enrichment
Collocation points: 60

MLS with partial enrichment
Collocation points: 32
Enriched zone: [0.01-0.05]

Points of subdomain: 5
Nodal points: 30

MLS without enrichment
Collocation points: 30

MLS with total enrichment
Collocation points: 60

MLS with partial enrichment
Collocation points: 32
Enriched zone: [0.01-0.05]

Points of subdomain: 7
Nodal points: 10

MLS without enrichment
Collocation points: 10

MLS with total enrichment
Collocation points: 20

MLS with partial enrichment
Collocation points: 12
Enriched zone: [0.01-0.20]

Points of subdomain: 7
Nodal points: 10

MLS without enrichment
Collocation points: 10

MLS with total enrichment
Collocation points: 20

MLS with partial enrichment
Collocation points: 12
Enriched zone: [0.01-0.20]

Points of subdomain: 7
Nodal points: 30

MLS without enrichment
Collocation points: 30

MLS with total enrichment
Collocation points: 60

MLS with partial enrichment
Collocation points: 32
Enriched zone: [0.01-0.05]

Points of subdomain: 7
Nodal points: 30

MLS without enrichment
Collocation points: 30

MLS with total enrichment
Collocation points: 60

MLS with partial enrichment
Collocation points: 32
Enriched zone: [0.01-0.05]

Figure 1c

Figure 1b

Figure 1a

Figure 1d

-0.20

0.20

0.60

1.00

0.00

0.40

0.80

1.20

-0.20

0.20

0.60

1.00

0.00

0.40

0.80

1.20

0.00 20. 0 40. 0 6 0. 0 80. 0 1.00

-0.20

0.20

0.60

1.00

0.00

0.40

0.80

1.20

-0.20

0.20

0.60

1.00

0.00

0.40

0.80

1.20

V
V

0.00 20.00 40.00 60.00 80.00 100.00

-200.00

0.00

200.00

400.00

600.00

800.00

0.00 20.00 40.00 60.00 80.00 100.00

-10.00

0.00

10.00

20.00

30.00

40.00

50.00

0.00 20.00 40.00 60.00 80.00 100.00

-1000.00

0.00

1000.00

2000.00

3000.00

4000.00

5000.00

0.00 20.00 40.00 60.00 80.00 100.00

-400.00

-200.00

0.00

200.00

400.00

600.00

r
0.00 20. 0 40. 0 6 0. 0 80. 0 1.00

r
0.00 20. 0 40. 0 6 0. 0 80. 0 1.00

r
0.00 20. 0 40. 0 6 0. 0 80. 0 1.00

3$�� d�d* tZ8��${sj ��R�U ]B8}s�$RBt BP ��RZj�R BA�s$t�I Ak ZR$t� I$&���t� GN7 PB�8Zjs�$BtR�

A�$t� z� �Y� �B�sj tZ8A�� BP tBIsj }B$t�R BP �Y� RBjZ�$Bt IB8s$t� qY� b�$�Y�$t�
PZt{�$Bt ZR�Id; $R �Y� ��Zt{s��I �sZRR$st b$�Y  ) (31x stI > ) d3d� stI �Y� �B�sj
j�t��Y BP �Y� IB8s$t U $R d�

yt h�Z�� d� b� }��R�t� �Y� {B8}s�$RBt BP �Y� tZ8��${sj s}}�B-$8s�$BtR BA�s$t�I
Ak ZR$t� b�$�Y��I j�sR� RJZs��R $t���}Bjst�R b$�Y stI b$�YBZ� �t�${Y8�t� PZt{�$BtR� PB�
s I$&���t� tZ8A�� BP R{s�����I tBIsj }B$t�R wd( stI n(D stI I$&���t� tZ8A�� BP }B$t�R
BP �Y� RZAIB8s$tR wx stI � tBI�RD� yt �Y$R ��R�� $� $R RYBbt �Ys� �Y� ZR� BP �tYst{�I



s}}�Bs{Y�R sjjBbR �B BA�s$t %��k �BBI ��RZj�R� }s��${Zjs�jk bY�t s jB{sj �t�${Y8�t� $R
}��PB�8�I� VR $� $R RYBbt� $t {B8}s�$RBt b$�Y R�stIs�I b�$�Y��I j�sR� RJZs��R 8��YBIT
BjB�k� st s}}�B}�$s�� jB{sj �tYst{�8�t� RZ{{�RRPZjjk $8}�B%�R �Y� s}}�B-$8s�$Bt Btjk
sII$t� s P�b {BjjB{s�$Bt }B$t�R stI� �Y���PB��� b$�Y s 8$t$8sj $t{��sR� $t �Y� {B8}ZT
�s�$Btsj {BR��

1* WZ8��${sj q�R�

yt �Y$R �-s8}j� b� R�ZIk �Y� }��PB�8st{� BP �Y� �t�${Y�I b�$�Y��I j�sR� RJZs��R
s}}�Bs{Y $t s 1* }�BAj�8� G� Ys%� R�j�{��I �Y� PBjjBb$t� 1* s-$Rk88���${ ��R� }�BAj�8
bY${Y Ys%� A��t RBj%�I Ak ZR$t� 1* RYs}� PZt{�$BtRU

�~ ) (, U( �
�
?1 L r1 � U � ~ w

�
?1 L r1 ) U(D ) d, ~ w

�
?1 L r1 ) UD ) (,

wdMD

qY� stsjk�${sj RBjZ�$Bt $R �$%�t Ak ~ w?, rD )
jtU� jtw

�
?1 L r1D

jtU� jtU( � qY� s}}�B-$8s�$Bt

|~ �B �Y� RBjZ�$Bt ~ {st A� b�$���t $t �Y� Rs8� PB�8 sR $t �Y� }��%$BZR �-s8}j� $t wd�D

AZ� ZR$t� �Y� �t�${Y8�t� PZt{�$Bt jtw
0
?1 L r1D�

yt h�Z��R 1s stI ns $� $R RYBbt �Y� RZ�Ps{� BA�s$t�I P�B8 �Y� tZ8��${sj s}}�B-T
$8s�$Bt bY�t U( ) d(

�; stI U ) d� �Y� I$R��$AZ�$Bt BP �Y� tBIsj }B$t�R ZR�I w3$�� 1A
stI nAD� stI $t h�Z��R 1{� 1I� n{ stI nI b� }��R�t� s {B8}s�$RBt A��b��t �Y� stsjk�${sj
RBjZ�$Bt stI �Y� s}}�B-$8s�$BtR BA�s$t�I Ak ZR$t� s b�$�Y��I j�sR� RJZs��R s}}�Bs{Y
b$�Y B� b$�YBZ� �t�${Y8�t� PZt{�$BtR sjBt� s �sI$sj j$t�� stI b$�Y s I$&���t� tZ8A�� BP
tBIsj }B$t�R w;� stI 11xD stI s I$&���t� tZ8A�� BP }B$t�R BP �Y� RZAIB8s$tR wE stI dE
tBI�RD� VR $� sjRB {st A� R��t $t �Y$R �-s8}j�� �Y� ZR� BP �tYst{�I s}}�Bs{Y�R sjjBbR �B
BA�s$t %��k �BBI s}}�B-$8s�$BtR� y� $R }s��${Zjs�jk $t����R�$t� �Y� ZR� BP }s��$sj �t�${YT
8�t� $t RB8� }s��R BP �Y� IB8s$t bY�t RB8� $tPB�8s�$Bt sABZ� �Y� RBjZ�$Bt $R ,tBbt�
R$t{� $� $R }BRR$Aj� �B $8}�B%� �Y� tZ8��${sj s}}�B-$8s�$Bt b$�Y s jBb {B8}Z�$t� �&B���

E� ]!W]N=7y!W7

yt �Y$R }s}��� b� Ys%� }��R�t��I s b�$�Y��I j�sR� RJZs��R $t���}Bjs�$Bt 8��YBI
{B8A$t�I b$�Y s }B$t� {BjjB{s�$Bt s}}�Bs{Y PB� �Y� stsjkR$R BP }B��t�$sj }�BAj�8R $t
�j�{��${sj �t�$t���$t� s}}j${s�$BtR� 3Z��Y��8B�� b� Ys%� �-}jB��I s �-��$tR${ �t�${Y8�t�
8��YBIBjB�k $t B�I�� �B $8}�B%� �Y� tZ8��${sj RBjZ�$Bt� qY$R �tYs{�8�t� {st A� {s��$�I
BZ� $t sjj BP �Y� IB8s$t B� Btjk $t RB8� R}�{$h{ }s��R BP $��

qY� 8�RYj�RR {Ys�s{��� BP �Y�R� b�$�Y��I j�sR� RJZs��R s}}�B-$8s�$BtR 8sk ��}T
��R�t� st $8}B��st� $8}�B%�8�t� $t �Y� {B8}Z�s�$Btsj stsjkR$R BP RB8� �t�$t���$t�
}�BAj�8R $t bY${Y �Y� ZR� BP R�stIs�I tZ8��${sj 8��YBIR $R }��{jZI�I IZ� �B js���
{B8}Z�$t� �&B��R ��JZ$��I $t �Y� I$R{���$9s�$Bt }�B{�RR� 3Z��Y��8B��� �Y� �t�${Y8�t�
8��YBIBjB�k sjjBbR �B $t{jZI� $t �Y� tZ8��${sj s}}�B-$8s�$Bt RB8� $tPB�8s�$Bt ��js��I
�B �Y� �k}� BP �Y� PZt{�$BtR BP �Y� RBjZ�$Bt� bY�t �Y$R $R ,tBbt� yt �Y$R }s}��� b� Ys%�
}��R�t��I RB8� d* stI 1* tZ8��${sj ��R�R� stI �Y� �BBI }��PB�8st{� BP �Y$R ��{Yt$JZ�
{st A� tB�${�I $t �Y� ��RZj�R }��R�t��I� }s��${Zjs�jk $P jB{sj �t�${Y8�t� $R ZR�I� V�
}��R�t�� b� s�� bB�,$t� $t RB8� 8s�Y�8s�${sj stI tZ8��${sj sR}�{�R BP �Y$R 8�RYj�RR
��{Yt$JZ� �B sRR�RR �Y� }�s{�${sj P�sR$A$j$�k BP �Y$R ,$tI BP s}}�Bs{Y�R�



Figure 3d

V

Figure 3c

V E
rr

a
b
s

r r

E
rr

a
b
s

r

Points of subdomain: 6
Nodal points: 49

MLS without enrichment
Collocation points: 49

MLS with total enrichment
Collocation points: 98

MLS with partial enrichment
Collocation points: 63
Enriched zone: [1e-04-0.17]

Points of subdomain: 6
Nodal points: 49

MLS without enrichment
Collocation points: 49

MLS with total enrichment
Collocation points: 98

MLS with partial enrichment
Collocation points: 63
Enriched zone: [1e-04-0.17]

Points of subdomain: 16
Nodal points: 225

MLS without enrichment
Collocation points: 225

MLS with total enrichment
Collocation points: 450

MLS with partial enrichment
Collocation points: 255
Enriched zone: [1e-04-0.07]

Points of subdomain: 16
Nodal points: 225

MLS without enrichment
Collocation points: 225

MLS with total enrichment
Collocation points: 450

MLS with partial enrichment
Collocation points: 255
Enriched zone: [1e-04-0.07]

Figure 2d

r

Figure 2c

Figure 2bFigure 2a

Figure 3a Figure 3b

0.00 0.20 0.40 0.60 0.80 1.00

-0.40

0.00

0.40

0.80

1.20

0.00 0.20 0.40 0.60 0.80 1.00

-0.20

0.00

0.20

0.40

0.00 0.20 0.40 0.60 0.80 1.00

-0.40

0.00

0.40

0.80

1.20

0.00 0.20 0.40 0.60 0.80 1.00

-0.20

0.00

0.20

0.40

0.60

0.80

3$�R� 1�mn�1* tZ8��${sj ��R�U 1sDU tZ8��${sj s}}�B-$8s�$Bt BP �Y� RBjZ�$Bt� 1ADU I$R��$AZ�$Bt
BP ;� }B$t�R ZR�I� 1{D stI 1IDU {B8}s�$RBt BP ��RZj�R BA�s$t�I Ak ZR$t� I$&���t�
b�$�Y��I j�sR� RJZs��R PB�8Zjs�$BtR� w$t 3$�� n� ��s}YR stI ��RZj�R PB� s I$R��$AZ�$Bt
BP 11x }B$t�RD�



V]�W!GNe*pe�eWq7

qY$R bB�, YsR A��t }s��$sjjk RZ}}B���I Ak �Y� X7ZAI$��{{$?Bt p�t��sj I� _�Bk�{T
�BR I� yt%�R�$�s{$?Bt ]$�t�?�h{s k q?�{t${s w7p_y]OqD I�j �$t$R���$B I� eIZ{s{$?Bt k
]Zj�Z�s wd3*��T(d(MD"� stI Ak ��R�s�{Y P�jjBbRY$}R BP �Y� X7�{���s�?�s ���sj I� yL* I�
js �Zt�s I� psj${$s" stI �Y� X=t$%��R$IsI I� Ns ]B�ZKts"�

ie3eieW]e7

>dH F�tR�t _�7�U 3$t$�� I$&���t{� ��{Yt$JZ�R PB� %s�$sAj� ��$IR� ]B8}� 7��Z{��� 1� d�T1��
d��1

>1H NZ{k N� �U V tZ8��${sj s}}�Bs{Y �B �Y� ��R�$t� BP �Y� hRR$Bt Yk}B�Y�R$R� VR��BtB8${sj
FBZ�tsj� M1� d(dnud(1;� d���

>nH �Bts�Yst F�F�U GYk }s��${j� 8��YBIR bB�,� 7yV� FBZ�tsj BP 7{$�t�$h{ stI 7�s�$R�${sj
]B8}Z�$t� n w;D� ;11T� d�M1

>;H  Bt�� F�� NB, q�7�N�U zs�$s�$Btsj stI 8B8�t�Z8 }��R�%$t� sR}�{�R BP 78BB�Y _s��${j�
<kI�BIkts8${R PB�8Zjs�$BtR� ]B8}Z�� ���� $t V}}� ��{Y� stI et����� d��M

>xH Wsk�Bj�R�  �� p� qBZ9B�� stI _� z$jjBtU p�t��sj$9$t� �Y� ht$�� �j�8�t� 8��YBIU I$&ZR�
s}}�B-$8s�$Bt stI I$&ZR� �j�8�t�R� ]B8}Z�s�$Btsj ��{Yst${R� d(� n(�undM� d��1

>EH  �jkR�{Y,B q�� pZ N�� NZ O�O�U ej�8�t� 3��� psj��,$t ���YBIR� yt�� F� WZ8� ���� $t
et����� n�� 11�T1xE� d��;

>�H N$Z� G���� 7� FZt� stI O�3� �Yst�U i�}�BIZ{$t� ,��t�j }s��${j� 8��YBIR� yt�� F� WZ8�
���� $t 3jZ$IR� 1(� d(MdTdd(E� d��x

>MH N$R9,s q�� *Zs��� ]�V�� qbB�9kIjB G�GU Y}T��RYj�RR {jBZIR 8��YBI� ]B8}Z�� ����
$t V}}� ��{Y� stI et����� dn�� 1EnT1MM� d��E

>�H ��j�t,� F��� stI y� sAZ?R,sU qY� }s��$�$Bt BP Zt$�k ht$�� �j�8�t� 8��YBIU  sR${ �Y�B�k
stI s}}j${s�$BtR� ]B8}Z�� ���� $t V}}� ��{Y� stI et����� dn�� d��E

>d(H !Kts��� e�� 7� yI�jRBYt� !�]� �$�t,$�b${9� i�N� qskjB�� stI ]�7s{{BU V R�sA$j$9�I ht$��
}B$t� 8��YBI PB� stsjkR$R BP 4Z$I 8�{Yst${R }�BAj�8R� ]B8}Z�� ���� $t V}}� ��{Y�
stI et����� dn�� ndxTn;E� d��E

>ddH ]BjB8$tsR y�� ]YsB ��� Ws%s��$ts 3�� ]sR��j�$�B ��U V}}j${s�$Bt BP 8�RYj�RR 8��YBIR
�B �Y� stsjkR$R stI I�R$�t BP ��BZtI$t� RkR��8R� yt X]B8}Z�s�$Btsj ��{Yst${RU W�b
q��tIR stI V}}j${s�$BtR"� w]*Ti!�D� }s�� y� R�{�$Bt E� wdM }s��RD� ]y�We _ZA��
 s�{�jBts� d��M

>d1H ]BjB8$tsR y�� �BRJZ�$�s p��]YsB ��� Ws%s��$ts 3�� ]sR��j�$�B ��U V 8�RYj�RR tZ8��${sj
s}}�Bs{Y PB� �Y� stsjkR$R BP �s��Y$t� RkR��8R $t �j�{��${sj $tR�sjjs�$BtR� yt Xy eZ�B}�st
]BtP���t{� Bt ]B8}Z�s�$Btsj ��{Yst${RU 7Bj$IR� 7��Z{�Z��R stI ]BZ}j�I _�BAj�8R
$t et�$t���$t�"� w]*i!�D� d� }s��� G� GZtI��j${Y weI$�B�D� N�Y�R�ZYj P[Z� 7�s�$,�
q�{Yt$R{Y� =t$%��R$�[s�� �Zt${Y� d���

>dnH ]BjB8$tsR y�� Ws%s��$ts 3� stI ]sR��j�$�B ��U V  BZtIs�k ej�8�t� WZ8��${sj V}T
}�Bs{Y PB� es��Y$t� p�$I ]B8}Z�s�$Bt� ]B8}Z�� ���� $t V}}� ��{Y� stI et�����
d�;� �nT�(� d���

>d;H qskjB� i�N�� yI�jRBYt 7�� �$�t,$�b${9 !�]�� !Kts�� e�U �B%$t� N�sR� 7JZs�� V}}�B-$T
8s�$Bt PB� RBjZ�$Bt BP I$&���t�$sj �JZs�$BtR� i�R�s�{Y i�}B�� �;� ]y�We�  s�{�jBts�
d��x

>dxH 3j�8$t�� ��V�U qY� ej�8�t�T3��� psj��,$t ���YBI PB� 3s�$�Z� stI +ZsR$TR�s�${ 3�s{T
�Z��� _Y�*� qY�R$R� WB��Yb�R���t =t$%��R$�k� d���

>dEH  �jkR�{Y,B q��  js{, q�U ejsR�${ ]�s{, p�Bb�Y $t 3$t$�� ej�8�t�R b$�Y �$t$8sj i�T
8�RY$t�� i�R�s�{Y i�}B��� qV� p�BZ}� WB��Yb�R���t =t$%��R$�k� d��M


