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 3 =)U-h+^�.;nY\Di -./7DTVij,+W.-�Wb, \ed-.;^DWb.;n�\ -.=d-<=!C(-d<+<>7XW.->.;n�-.=7DTVij,+W.-E\ � k . n nb.=7]0
J k 7Xi�*G,�O>Q - l =-d-dL! l @ 2
	 l @ (5�ad-.=7D.=TV<E^9<>7XWY\D<E0
Wb,H��� 	� ��=-.=7X<�TVi+06h+nb.;^D<E0PU/* � � 1�� .=,+0 � � 1�� !fD+W \�WY\ . n \9i
^e7Dh+< i���i=^�+<>7�\9^e7Dh"-E^eh-7X<E\�\eh"-� .;\�^ +i=\D<�Wb, �sW :+h-7X< Ay!bO�=g./,+0N^�+WY\VijU+\D<>7X[;.;^DWYij,
.�-�-Eij7]0-\�*�WY^��^�+<�1�.�*jnY<EWY:5 '-h+i=^DWY<>,/^�-/-.=79.�-E^D<>7XWY\e.;^9W i+,�i���TVij0-<C\�-./d-<E\>!sf�+<C\eT�. n nY<>7 ^�+<8\ed-. ^DWb.;n
�����	� R.��()35#�:�i��6<>.0-/VTVi+0-<C\�-.=d-<�=;^ +<@+WY:5+<>7 ^�+<8<Enb.;\9^DW.-Gd-i=^9<>,=^DWb.;n+<>,+<>7X:=*�=/\DWb,"-E< �^E/ WY\s< I�<�-E^DWY[=<EnY*^�+<�TVi+06.;n�<Enb.;\9^DW.-EW ^X*�-Eij,+\9^e.=,/^ � k .;^�+<�O>Q - l = S L! (6! l ! +<=+dL!�O�@�A�� !ofD+< 1/W ,+<E^9W?-V<>,+<>7X:/*�^D<>,+0-\�^Di
0-<�->7X<>.;\9<G*�WY^� \ed-. ^DWb.;n *�.�[=<EnY<>,+:=^�L!

fD+W \�,-. ^eh-7D.;n \E->.;nY<Vij7X0-<>7XWb,+:�W \�./,+i=^�+<>7�0-<E\DWb7D.=U+nY<�d-7]ijd-<>7X^X*�i��8<EWY:=<>,-TVi+0-<�\�-.=dy<7� <>. ^eh-7X<E\�=
\DWb,"-E<�+WY:5+<>7 � ,-.;^eh-7D.;n � � 7]<�')h+<>,"-E*�TVi+0-<E\s.=7X<8h-,+WbT�d-i+7X^e.=,/^gWb,�0-<E^D<>7DT W ,+Wb,+:�nb.=7X:/<>7 %'\E->.;nY<}7]<E\ed-ij,+\9<
i���^�+<��'7X<E<EnY*"[jWbU-7D.;^9W ,+: \D^e79h"-E^eh-7X<=! 2N<�->.=, +<>,"-E<
0-WY\E->.=7X0 <EWY:=<>,-TVi+0-<E\�Wb,�d-7]W ,"-EWbd+nY<E0 ij7X0-<>7�=
d-.=7X^9W?->h+nb.=7]n *�\DWb,"-E<�^�+< ��* ')h+WY\D^2->h+^9i�I � \ed-.;^DWb.;n �@� 7]<�')h+<>,"-E*�i��8^�+<@T ij0-<�\�-.=d-<E\�WY\�0-<E^D<>79TVWb,+<E0
U/*�^�+<�\ .=T�d+nYWb,+:
7X<E\Di=nbh+^DWYij, i��g^�+<VTVij0-<En �3\@Cv,+W ^9<�<EnY<>TV<>,/^ TV<E\ L!
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Elastic energy is

higher and kinetic

energy is lower

for mode shape of

smaller spatial scale

Modal Elasticity

is square of the

natural frequency
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� N ��� OUb�\_Q ]aV)X,\#T ��� �
9S\#X)OUNPZ����)\AT

�sWY:jh-7X<GA-! (Mp S ijT�d-.=7XWb,+:�<EWY:=<>,-T ij0-<E\�.=,+0PT <E0-W . ng.�J+<E\�i��8.V\ '-h-.=7X<�d+nb.;^D<

h-,+0-<>7X:=i/W ,+: 0-W4Igh+\DWYij,H�q5 WMLE<>7�= � nYWY[=<>7�J k nYiji+T@Uy<>7X:
O>Q - @��E!
2 <G-.>[/<�\D<E<>,�Wb,
(+<�-E^9W i+,�A-! + ^�-.;^�^�+<>7]<�W \�.=, Wb,/^DWbT�.;^D< -Eij,-,+<�-E^DWYij,
Uy<E^ *}<E<>, ^�+<�^ +<2*&.�[=<

<�'-h-.;^DWYij, .=,+0
^ +< +<>.;^�<�')h-. ^DWYij,L!Gf�+WY\�(+<�-E^DWYij, .;nY\Di \�+i�*�\�^ -.;^G^ +<�<EWY:=<>,-TVi+0-<E\�i��8^�+< *&.�[=<
<�'-h-.;^DWYij, .=7X<�\eh-dy<>7XWYij7C\�-./d-<D� <>.;^ h-7X<E\8^Di�^�+<�TV<E0-Wb.;n�.�Jj<E\ *,+W.-��./7X<�0-<>7XWY[=<E0��'7XijT�.�d-.=7X^9W?->h+nb.=7
�qij7DTVh+nb.;^DWYij, i��s^�+<�0-W4Igh+\DWYij,�<�'-h-.;^DWYij,L!

� ��� � �*$ $ ) !a� �%��� ) ����)$�*$ � '*),-
f�+<7Cv7]\D^�\DW.JN<EWY:=<>,-T ij0-<E\Vi���^�+<7�'7X<E<EnY*N[+WbU-7D.;^DWb,+:
\9^e7Dh"-E^eh-7X< .=7X<�^�+i/\D<�i���7XWY:=WY0+%_U-i+0-* TVi/^DWYij,L!
f�+<E\D< 7XWY:=WY0+%_U-i+0-* <EWY:=<>,-TVi+0-<E\N.�-�-Eijh-,/^�� i+7�.=,=* ^e79.=,+\Dnb.;^DWYij,-.;n�i+7�7Xi=^e.;^9W i+,-.;n T i=^DWYij, i��V^�+<
U-i+0-*P./U-ijh+^�WY^D\,-E<>,/^e7X<�i��8T�.;\D\>!�fD+<>7X<@.=7]<@,+i \eh-d-d-ij7]^D\Gi+7Gd</*j\9W?->. noUyijh-,+06.=7X*�-Eij,+0-WY^DWYij,+\	=L\Di
.	�q^D<>7�./, Wb,+W ^9W . n}WbT�d-h+nY\D<
.0-E^D\@h-dyij,N^ +<�U-i+0-*�=s^�+<>7X< .=7X<�,+i <�J+^D<>7D,-.;n��qij7 -E<E\V.�-E^DWb,+:Nh-d-ij, ^�+<
�'7X<E<EnY*
[+W U-79.;^DWb,+:
U-i+0-*=!Gf�+<>7]< � ij7]< ,+i+,+<�i��8^�+<�i=^�+<>77�q,+ij,-7XWY:=WY0���TVi+0-<�\ -.=d-<E\2->.=, -.�[=<@. ,+<E^
^e7D./,+\Dnb.;^DWYij, i��s^�+<2-E<>,/^e7X<�i��8T�.;\D\	=ji+7�.�,+<E^G7Xi/^e.;^DWYij,-.;n�TVi+TV<>,=^�!

fD+W \�0-i+<E\@,+i/^ ,+<�-E<E\D\9W ^ .;^D<�.=,/*
\9*)T�T <E^e7X*�Wb, ^�+<��q,+ij,-7]W :/W 0���0-<E:j7X<E<E\�i�� � 7]<E<E0-ijT ^�-.;^�^�+<
\D^e79h"-E^eh-7X<G-.;\CWb,
TVi/^DWYij, =6U-h+^ �qij7a^�+i=\D<2*>+W?-�
./7X<G<EWY:=<>,-T ij0-<E\�.=,+0
^ +<>7X< � i+7X<GnYi"->.;ngTVWb,+WbT�. Wb,
^�+<�1�.�*+n <EWY:5 ')h+i=^9W <>,/^�=/\D*)T TV<E^e7XW.-C0-< � i+7DT�.;^DWYij,+\8. n nYi�* �qij7g.�T W ,+WbT�. n6d-<>,-.;nY^X*VW , <En . \D^DW.-�<>,+<>7X:=*
*,+WYnY<VijU-<E*+Wb,+:�^�+<2-Ei+,+\D^e7D.;Wb,/^D\�\D<E^Fijh+^G.=Uyi [/<

� 0-0-WY^DWYij,-.;nYnY* TVi=\9^GU+WYi=nYi=:=W.->.;n8\9^e7Dh"-E^eh-7X<E\�.=7X<V\DWbT�d+nY* -Eij,-,+<�-E^D<E0 � WY<=! � U+n i+U+n W 1;<
�"��.=,+0NT�.=d
\D^e79.;WY:5=^ � ij7 *&./7X0-nY*
^Di
.=, <EnYnYW d+\9i=WY0�!Nf�+<�<EWY:=<>,-TVi+0-<E\�i���^�+<�<EnYnYWbd+\Di=WY0 7]<E^e.;Wb,N\9*)T�T <E^e7X*�*>+<>,
T�.=d-dy<E0�!

`a.�-� T ij0-< \�-.=dy<N^�+<>7X< �qij7X< ^D<>,+0-\�^9i"<>T�d<-.;\DWY\D<N\9*)T�T <E^e7XWY<E\
Wb, ^�+< \D^ 7Dh"-E^eh-7X<�=�.;^�^�+<
-�-.=7D.�-E^D<>7]W \9^DW.-�\ed-.;^DWb.;ns\ ->.;nY<�i��8^�-.;^�T ij0-<=!�` W :/<>,-TVij0-< � <>.;^ h-7X<E\�7X<�'-h+W 7]<�:=nYijU-.;ns\eh-d-dyij7X^�= .=,+0
->.=,-,+i=^ ^�+<>7X< �qij7X<a<>.;\DWYnY*7-Eijd-< *�WY^��i"-�-En h+0-<E0 d-.=7X^ \D^e7Dh"-E^eh-7]<E\>!sf�+WY\sW \sWb7D7]<En <E[;.=,/^sW , TVij0-<En %_U-.;\9<E0
WbT�.;:=Wb,+:�=y\DWb,"-E<@^ +<�\�-.=d-<VTVi+0-<En�WY\ .;n.*�.�*j\ -Eij,+\9^e7Dh"-E^D<E0�Wb,��'h+nYnq!
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2N< -.�[=<�d-7X<E\D<>,/^D<E0��8`  J<EWY:=<>,-TVi+0-<E\ . \GWY0-<>.;na\�-.=d-< � <>.;^ h-7X<E\>� i+7GTVi+0-<EnY\@h+\D<E0 W , A;c h+n ^ 7D.�%
\Dijh-,+0�WbT�.;:=Wb,+:6!�f�+<E*�-.�[=<�. ,-.;^eh-79.;nLij7X0-<>7XWb,+: W ,�\ed-. ^DWb.;n�\E->.;nY<���- �D!8 <E0-Wb.;n � J+<E\���=L.=,+0
067D.	*
ij, :=nYijU-. n�\eh-d-d-i+7X^�^Di�<>T d<-.;\DWY\D<�\9^e7Dh"-E^eh-7D. nv\9*)T�T <E^e7XWY<E\G.;^�<>.0-/�-�-.=7D.�-E^9<>7XWY\D^DW.-�\E->. n <=!

fD+<E\D<8\�-./d-<��q<>.;^eh-7]<E\ ->.=,�U-<a0-<>7XWY[=<E0 � ij7 .=,=*�\D^e79h"-E^eh-7X<�==h+\DWb,+:�.=,=*�i0�)^�+<C.�[ .;WYnb.=U+nY<C<En <>T <>,=^D\
Wb,�\9^e7Dh"-E^eh-7D. n5�8`  !=fD+<>7X<G.=7X<�,+i -EijT�d+nYW.->.;^DWYij,+\C<EnY<>TV<>,=^CTV<E\�V:/<>,+<>7D.;^DWYij,�Uy<�->.=h+\D<>*C<&./7X<�,+i=^
Wb,=^9<>7X<E\D^D<E0 W , . \9^e7X<E\D\X%'\9^e7D.;Wb,".=,-.;nY*+\DWY\�=G./,+0�^�+<>7X<�WY\�^�+<>7]< � ij7]<
,+i ,+<E<E0 ^Di 7X< Cv,+<NTV<E\�+<E\�.;^
d-i/W ,/^D\�i�� +W :"
\9^e7X<E\D\>!aZG,+W4�qij7DT TV<E\�+Wb,+:�WY\GWb,��'.�-E^�7X<�-EijT�T <>,+0-<E0
^Di�T W ,+WbTVWY\D< ^�+<�,jh-TVUy<>7�i��
<EnY<>TV<>,/^D\ ,+<E<E0-<E0 � i+7C^�+<�0-<E\DWb7X<E0N.�-�->h-7D.0-E*�Wb,
T ij0-<EnYnYWb,+:H�q#�WY^E-�+<>,+\VO>Q=Q l = S  (M! @��  !

0 ^CW \C\D^ .=,+06.=7X0�d-7D.�-E^DW.-E<�Wb,�,+h-TV<>7XW.->.;n �8`s ^Di�.;nYnYi�* .@T W ,+WbTVh-T i���<EWY:5/^�<EnY<>TV<>,/^D\C^DiV\ed-.=,
^�+< \eT�.;nYnY<E\D^7�q<>.;^eh-7]<�i���W ,/^D<>7X<E\9^>! 2N<
.=7X< ^�+<>7X< �qij7X<(UDh+\D^DW4C6<E0"Wb,"h+\DWb,+:Nij,+nY* nYWb,+<>.=7 <EnY<>TV<>,=^9\�=
*,+W.-� -.�[=<�^ +<�-EijT�d-h+^ .;^DWYij,-.;nG. 0-[ .=,/^e.;:=<�i0� -.�[+W ,+:". -Eij,+\D^e.=,/^ 3j.�-EijU+Wb.=, T�. ^e7XW.J =a\DWb,"-E<N.
d+WY<�-E<�*�WY\D<�nYWb,+<>.=7�.=d-d-7]iMJ+WbT�.;^DWYij,H^Di�=L\e.�*�=�. \DWb,+<�*&.�[=<�0-WY\E->7X<E^DWY\D<E0"^Di <EWY:5/^�<EnY<>TV<>,/^D\@dy<>7G-.;n4� %
*�.�[=<EnY<>,+:=^��WY\&T ij7X<C^�-.=,V\ h � -EWY<>,=^ � ij7 ijh-7s,+<E<E0-\>!s2 <G,+<E<E0�^ +<>,Vij,+nY*�h+\D<GTVi+0-<�\�-.=dy<E\Ci��vnYi�*
\ed-.;^9W . n �'7X<�'-h+<>,"-E*Pi+h+^Gi��8^ +W \�7]W?-� �q<>.;^eh-7X<�\D<E^�=L\DWb,"-E<V^�+< +WY:5 �'7X<�'-h+<>,"-E*
ij,+<E\�.=7]<�Wb,-.�-�->h-7D.;^9<
U-<E*/ij,+0
^�+< �F* ')h+WY\D^�\e.=T�d+nYWb,+: � 7X<�'-h+<>,"-E*=!

0 ^�WY\�.;nY\Di .=, W 0-<>. n&7]<>d-7X<E\D<>,/^e.;^DWYij, � i+7�0-<E^D<>7DT W ,+Wb,+:N^ +<�<�'-h+WYn WbU-7XWbh-T -Eij,)C6:+h-7D.;^DWYij, i���^�+<
\D^e79h"-E^eh-7X<�:/W [/<>,P. \D<E^�i��}.=d-d+nYWY<E0��qij7 -E<E\	=v.=,+0 -.;\�U-<E<>, h+\D<E0NU/*
5 <>,=^9n ./,+0\J #Fij7Xi�*�WY^.L��XO>Q=Q-O	�
�qij7�i;[=<>7 -Eij,+\D^e7D. W ,+<E0�\�-.=dy<GC6^9^DWb,+:�= *,+<>7X< +<�h+\D<E\�ij,+nY*P. \ T�./,=*�0-<E:j7]<E<E\�i���� 7]<E<E0-ijT .;\�^�+<>7X<
.=7X<�./d-d+n WY<E0Nd-i/W ,/^D� ij7 -E<E\>!

fD+<@7XWY:=WY0+%_U-i+0-*N<EWY:=<>,-TVi+0-<E\�= *,+W.-�N.=7X<�ij7X^�+i/:=ij,-.;n�^9i�^�+<Vi=^�+<>7�,+ij,/%_7XWY:=WY0 TVi+0-<V\�-.=dy<E\�=
->.=, ^ +<>7X< � i+7X<�U-<�h+\D<E0 ^Di�\D<>d-.=7D. ^D<V^�+<�^e7D./,+\Dnb.;^DWYij, .=,+0 7Xi/^e.;^DWYij, 7X<E\edyij,+\D<�i0�}^�+<�U-i+0-* �'7XijT
,+ij,-7XWY:=WY0 \�-.=dy<�0-< � i+7DT�.;^DWYij,L! 2N<,-.�[=<�.=d-d+nYWY<E0�^ +<E\D<�<EWY:=<>,-TVi+0-<E\CW , ^�+<�<�� -EWY<>,/^ -EijT�d-h+^ .;^DWYij,
i���^�+< 7X<E\edyij,+\D< i���.NnYWb,+<>.=7�<Enb.;\9^DW.-P\ -.=d-< TVij0-<En2*>+<>,�h+\D<E0 .;\�.=,"Wb,/^D<>7Ddyi=nb.;^DWb,+:"\ed+nYWb,+<NWb,
\D<E:jT <>,=^DWb,+: A c�h+n ^ 7D.;\Dijh-,+0�WbT�.;:=<E\ � (+*), <E^G. n ! O>Q=Q=R�� !

:�9SV)X,\
TMc�N�Yl\#T[#NPm T�\ ZUNPL0b�\iX)OUTMY4ZUN�[#\#]a\_Q,K N�] Y,ZROUKMm�X,\#T
NPZRZ V ��\_LKMc \ � V)X ��� T�Vhm,Q4ORWjV�L0]�]a\ATMc4ORQ b OUT]aV�T�K T�\_Q�TMO � ZU\�f
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f�+<�06.;^ .;\D<E^D\Gd-7]<E\D<>,=^9<E0�+<>7X<@.=7]<�.>[;.;WYnb.=U+nY<@Wb,�.=,+WbT�.;^D<E0��qij7DT �qij7a^�+< � i=nYnYi�*�Wb,+:�d+nb.;^ �qij7DTV\

��� z+���
� �jz
	 �������� �+� � u
���
���
���������

�'7XijT�ijh-7F.=,+ij,/*)TVi+h+\X%%� ^ d \D<>7X[=<>7

u��)� ���� �&|9x>z-{C|D~=�;r�|X�-~s|q�-��� � �j�� �! � � � � {-x � r ! x�r � |#"s| � �+�8| {$

�*��� %�� $ � � ! � � � ) ����)$�*$&�('*),-
2N<G-.�[=<�WbT�d+nY<>TV<>,/^D<E0P. U+n i"-�1 ��.=,"- LEi=\�\9i=nY[=<>7C^Di -Ei+T�d-h+^D<�<EWY:=<>,-TVi+0-<E\ ./,+0
,-.;^eh-7D.;n �'7X<�'-h+<>,/%
-EWY<E\>!Cf�+< � .=,"- LEi=\GTV<E^ +ij0�*�.;\ Cv7X\D^Gd-7Xi+d-i=\D<E0�.;\G.VTV<E^ +ij0 � i+78^ 7XWY0-W . :=ij,+nYWY\e.;^DWYij, i��oT�.;^ 7XW.-E<E\�=
U-h+^�^�+WY\�nb.;^9<>7�0-<E[=<EnYijd-<E0 Wb,=^Di
. TV<E^�+i+0Ni��8<�J+^e7D.0-E^DWb,+:�<�Jj^e7]<>TV<V<EW :/<>,-d-.;Wb7X\VW ,H^�+<V\D*)T TV<E^e7XW.-
<EWY:=<>,/[ .;nbh+< d-7Xi+U+n <>T =GU-<�->./h+\D< ^e7XWY0-Wb.;:=ij,-.;n�\D*+\D^D<>TV\ ->.=,�Uy<P\9i=nY[=<E0 <�� -EWY<>,=^DnY* � ��i=nbh-U�J [;.=,
�Lij./, O>Q -=Q<= S L!aQ��2�q5s.=7XnY<E^D^�O�Q - 2<= S L!�O�A�� !

fD+< P R.& ` � ��.=,"- LEi=\�.;nY:=ij7]W ^ -T .;nYn i�*�\Vh+\�^Di�0-<E^9<�-E^@7X<>dy<>.;^D<E0 <EW :/<>,-d-.;Wb7X\�� \D<E<�(+<�-E^DWYij, A-! (5�
U/*�:=<>,+<>79.;nYW \9W ,+:�^ +< ��.=,"- LEi=\�.;nY:=ij7XWY^�-T ^Di *Cij7E17*FW ^ �.V\eh-U+\ed-.�-E<�Wb,+\D^D<>.;0�i�� . [=<�-E^Dij7E!

& 0=W?02/ %
,Z AC: > 4 &(',> ),4 & @
f�+<�\ed-.=7X\9W ^X*V\D^e79h"-E^eh-7X<�i���^�+<�T�.;\9\}.=,+0�\9^DW4I ,+<E\9\&T .;^e7XW.-E<E\8i0� ./,�<EnYnYWbd+\Di=WY06.;n�[=i/n h-T < .=7]<�\�+i�*G,
Wb,��sWY:jh-7X<�(M! l !bO5� .��

l=l



0 50 100 150 200

0

20

40

60

80

100

120

140

160

180

200

nz = 1986

Sparsity structure of mass and stiffness matrices for volumetric ellipsoid
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Sparsity structure of Cholesky factor of mass matrix

��� �J�Y NPL0TMOUK � VPW��6c VPZU\#T$4 �;WjN�[#K�V�LnVPW]aN�T�Th]^N�KML�O �
�sWY:jh-7X< (6!bO=p (-d-.=7X\DWY^X*�d+nYi=^D\ �qij7C.=, <En nYWbd+\Di=WY06.;n [=i=nbh-TV< �q,]L�WY\�^�+<�,jh-TVU-<>7ai��g,+ij,/%2LE<>7]i�<EnY<>TV<>,=^9\��

c�<>,+\9<s\D^Dij7D. :=<si��-^�+WY\g\D^ 7Dh"-E^eh-7X<aW \ [=<>7X*�<�J-d-<>,+\DWY[=<�=+U-i=^��Wb,�TV<>TVi+7X* h+\ .;:=<8.;\�*C<En n+.;\gWb, -EijT�%
d-h+^e.;^9W i+,L!G(-d-.=7X\9<�Wb,+0-<�JjWb,+:�^D<�-/-,+i/n i/:=*H�q(-.=.;0 O>Q=Q l = S -.=d+^D<>7 l ��. n nYi�*�\�h+\�^Di�<�� -EWY<>,/^DnY* \D^Dij7X<
\ed-.=7]\D< T .;^e7XW.-E<E\�=/\DiV^�-.;^}T ij7X<GT�. ^e7XW.J�<EnY<>TV<>,/^D\ ->.=,�Uy<G1;<>d+^8Wb,�-Eij7]< TV<>T ij7X*=! 2 +<>,�d-7Xi+d-<>7XnY*
0-<E\DWY:j,+<E0 =C.�\ed-.=7X\D< Wb,+0-<�JjWb,+: \D*+\D^D<>T . n \9i .;nYnYiM*F\G�qij7�<�� -EWY<>,=^ -Ei+T�d-h+^e.;^DWYij, i�� T .;^e7XW.J/%'[=<�-E^Dij7
d-7Xi+06h"-E^D\�U=*�<�J-d+nYi=WY^DWb,+:
^�+< � .�-E^�^�-.;^�T�.=,/*�i��8^ +<�<EnY<>TV<>,/^e.;nsT@h+nY^DWbd+nYW.->.;^DWYij,+\�.=7X<�:+h-.=7D.=,/^D<E<E0
^Di�Uy< LE<>7Xi�=-\9W ,"-E<V^�+<�T .;^e7XW.-E<E\G.=7]<�\ed-.=7X\D<=!

k .;^ +< �]O>Q - l = � d-dL! l ! A)��7X<�-Ei+T�TV<>,+0-\P7]<>,jh-TVU-<>7]W ,+: ,+ij0-<E\�Wb, ij7X0-<>7 ^Di�7]<E06h"-E< T�.;^e7]W?J
U-.=,+0<*�WY0-^� =D*,+W.-/ 0-Wb7X<�-E^DnY* .	I�<�-E^D\�^ +<�-EijT�d-h+^ .;^DWYij,-.;n>-Ei=\D^�i0��\Di=nbh+^DWYij, TV<E^�+i+0-\>!  i+0-<>7D,
\ed-.=7]\D<�T�.;^e7]W?J/%'[=<�-E^Di+7}d-7]ij06h"-E^�7Xijh+^DWb,+<E\�Wb,"-Eij7Dd-i+7D.;^D<�^�+WY\>-Eij,+\DWY0-<>7D.;^9W i+,L!

& 0=W?07W � Z []FCB�AC41: Z FC41B7&�B�� ' ZT: : ' ZaFCAC4*)
��WY[=<>,�.V\D^e./,+06.=7X0 <EW :/<>,+\Di=nY[=<>7�=M^�+<�,-.;WY[=<V.=d-d-7Xij.�-� ^DiV\Di=nY[+Wb,+:�^�+<�:=<>,+<>7D.;nYWY\D<E0�<EW :/<>,-d-7XijU+nY<>T

� � � ����� � (6!bO	�
WY\�^9iNWb,=[=<>7]^�^�+<PT .;\D\�T�. ^e7XW.J ^9i��qij7DT ^�+<�\D^e.=,+06./7X0"<EWY:=<>,-d-7XijU+nY<>T�=D*,+W.-/ 0-<E\D^e7Xi;*+\�^�+<

\ed-.=7]\DWY^_* \D^e79h"-E^eh-7X<�i��s^�+<�T�.;\9\&./,+0
\D^DW4Ig,+<E\D\GT .;^e7XW.-E<E\>!
2 <2->.=,�d-<>7 �qij7DT . S +i=nY<E\�1/*�� .0-E^Dij7XWY\e.;^9W i+,�ij,�.Vd-i=\DWY^DWY[=< %'0-< Cv,+WY^D< T�.;\D\GT .;^e7XW.J
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� ������� � (6! l �
./,+0�W ^D->.=,
Uy<�\D<E<>, Wb,��sWY:jh-7]< �����qU<�C^�-.;^C^�+< S +i=nY<E\�1/* �'.�-E^Di+7�d-7X<E\D<>7X[/<E\�\ed-.=7X\9W ^X*=!
��WY[=<>, ^�+WY\��'.�-E^Di+7XWY\e.;^DWYij, ="*C<�d-7Xi"-E<E<E0
^Di�\9i=nY[=<�` '-h-.;^DWYij, (6! O�Wb,�\D^e./,+06.=7X0 � ij79T 5

� ��� ��� � � � � ��� � (6! A)�
fD+< ��.=,"- LEi/\g\Di/n [/<>7�.;nYnYiM*F\g^�+<Ch+\D<>7 ^Di�\edy<�-EW �q*�^ +<}T�.;^ 7XW.JGWbT�d+nYW.-EWY^Dnb*�U=*�d-7]i [+WY0-Wb,+:�.�T�.;^e7]W?J/%

[=<�-E^Di+7}d-7]ij06h"-E^�7Xijh+^DWb,+<

� � � �
� � ��� ��� � � � � (6! ("�

� , <�� -EWY<>,/^�TV<E^ +ij0 i�� -Ei+T�d-h+^DWb,+: `�')h-. ^DWYij, (6! (NWY\�^9i h+\D<
\ d-.=7X\D<�^e7]W ./,+:jh+nb.=7 %'\Di=nY[=< .=,+0
T�.;^ 7XW.J=%'[=<�-E^9ij7Cd-7Xij06h"-E^�7Xijh+^9W ,+<E\�Wb,�^�+<>�qi=nYnYi�*�Wb,+:�d-7Xi"-E<E06h-7X<

� � � � � � :=WY[jWb,+: ���
� � � � � :=WY[jWb,+: ���

� � � � � :=WY[jWb,+: � � � (6!$R)�
& 0=W?0 # %
 > []FCACZ Y�: H,4 �.F
(+<E< ��7XWbTV<E\�= � <�*�WY\ J4(+WbTVij, �XO>Q=Q (5�E!

�*��� � � - - +��*$ �d� � �
`sWY:=<>,-T ij0-<E\��qij7L[=i/n h-T <E^e7XW.-�TVij0-<EnY\s.=7X<CT@h"-��T ij7X<s\D^e./U+n < *�WY^��7]<E\ed-<�-E^s^DiF\eT�.;nYn+\�-.=d-< -/-./,+:=<E\
^�-.=, �qij7�. \eh-7 �'.�-E<@TVi+0-<Enq!}fD+W \�WY\G\9W T d+n * U-<�->.=h+\9<@^ +<>7X<�.=7X<�TVi+7X<2-Eij,+\D^e79.;Wb,=^D\FW ,/^D<>7D,-. n nY*�06h+<
^Di�[/i=nbh-TV<E^e7XW.-�<Enb.;\D^DW.-EWY^X*=!

` WY:=<>,-TVi+0-<E\G->.=, U-<�T�.;0-<V<E[=<>, TVij7X<VWb,=[;.=7XWb.=,/^@U/*Ph+\DWb,+: . R?!"6D; � 8�67��9 9�.=d-d-7Xi�J+W T .;^DWYij,
^Di�^ +< `�&�( 9/$ 9�#%��(�#�67��9 9�7X<>d-7X<E\D<>,/^e.;^9W i+,�0-<>7XWY[=<E0�W ,�(+<�-E^DWYij, l ! A-! l !gf�+WY\�.=d-d-7Xi�J+W T .;^DWYij,�:/W [/<E\G.
0-Wb.;:=ij,-. n6T�.;\D\8T�. ^e7XW.J�Wb,+\D^D<>. 0�i�� .D�'h+nYnY*�d-ijd-h+nb.;^9<E0�ij,+<�=+U=*�nbh-T�d+Wb,+:@^ +<�<EnY<>TV<>,=^ �3\s0-WY\D^e7XWbU-h+^D<E0
T�.;\9\G.;^�,+ij06. ngd-i=\9W ^9W i+,+\>!

fD+<>7X<P.=7]<P. ,jh-TVU-<>7 i���nbh-T�d+Wb,+:"\E-�+<>TV<E\�=F^�+<
\DWbT�d+nY<E\D^�i0�G*,+W.-/ #�h+:5+<E\H�XO>Q - @�� ->.;nYn \
9 ; � `�$��CR R?!"6D; $�(�3j!af�+WY\G0-WY\E->.=7]0-\Gi�IL%'0-Wb.;:=i+,-.;n�<EnY<>TV<>,/^D\�=6.=,+0�\E->.;nY<E\�^�+<�7X<>T�.;Wb,+Wb,+:�ij,+<E\�^9i�:=WY[=<
^�+<V\e.=T <�^Di=^ .;ng<EnY<>TV<>,/^e.;n8T .;\D\>!�f�+WY\�\E-�+<>TV< -.;\�^�+<�.;0-[;.=,=^ .;:=<�i0�}<>,+\eh-7XWb,+:�^�-.;^�^�+<�T�.;\D\
T�.;^ 7XW.J�WY\�d-i=\DWY^DWY[=<�0-< Cv,+WY^D<=!

I
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(-dy<�-EWb.;nVn h-T d+W ,+: WY\N. [=<>7X* :=i+ij0 .=d-d-7Xi�JjWbT�. ^DWYij, � ij7�."h-,+W4� ij79TVnY* ^D<E\D\D<EnYnb.;^D<E0 \D^e79h"-E^eh-7X<
*�WY^� h-,+W4�qij7DTVnY* 0-WY\D^ 7XWbU-h+^D<E0 T .;\D\
.=,+0 \9^DW4I ,+<E\9\��qij7�*,+W.-/ ij,+nY* nYi�*C%%�'7X<�')h+<>,"-E* 7X<E\ d-ij,+\D< W \
7X<�'-h+Wb7X<E0 �q#FWY^E-/+<>,+\NO�Q=Q l = S L!�O��E! 0 , . 0-0-W ^9W i+, =G^ +<B�8`  ^D<>,+0-\�^Di i;[=<>7 %'<E\D^9W T .;^D<P,-. ^eh-7D.;n
�'7X<�')h+<>,"-EWY<E\�="*,+<>7]<>.;\8^�+<Fn h-T d-<E0
T�.;\9\8.=d-d-7Xi�JjWbT�. ^DWYij,V^D<>,+0-\a^DiG-EijT d-<>,+\e.;^9< � i+7 ^�+WY\ � \D<E<�(+<�- %
^DWYij,1(6! Ay!bO�U-<EnYi�*,�E!�f�+<�.;\D\Di"-EWb.;^D<E0NTVi+0-<V\�-.=d-<E\�^9<>,+0
^Di�-.�[=<G->h-TVh+nb.;^DWY[=<�<>797Xij7�=<*>+W?-� 0-i+<E\
,+i=^GT .;^D^D<>7a\DWb,"-E<G*C<�.=7]<�,+i=^�Wb,=^9<>7X<E\D^D<E0�W , 0-*),-./TVW.-@7X<E\edyij,+\D<=!

� h-. n WY^e. ^DWY[=<EnY*�=g\ d-<�-EWb.;n8nbh-T�d+Wb,+: � -Eij,+0-WY^DWYij,+\ �
^ +<@nb.=,+0-\ ->.=d-< i��}^ +<�1�.�*jnY<EWY:5 � h+i/^DWY<>,=^�\Di
^�-.;^VnYi"->.;nGTVWb,+WbT�.N7X<>d-7]<E\D<>,=^9W ,+: <EW :/<>,=[=<�-E^9ij7X\�.=7]<�Uy<E^D^D<>7V\D<>d-./7D.;^D<E0".=,+0�T�.;0-< �D0-<E<>dy<>7���=a\Di
^�-.;^�dy<E^eh-7DU-<E0 \�-./d-<E\�\D^DWYnYn�^D<>,+0
^9i@:/W [/<�^�+<�\e./TV<�TVi+0-<�\�-.=dy<E\>!

fD+<�Wb,+<>7X^DWb.;ns< I�<�-E^D\�i��80-WY\D^e7XWbU-h+^D<E0NT�. \D\ ./7X<�< I�<�-E^DWY[=<EnY*PTVh+^D<E0 U=*
T .;\D\�n h-T d+W ,+: =�\Di ^�-.;^
^�+<�\D^ 7Dh"-E^eh-7X< �3\ � 7]<�')h+<>,"-E*�7X<E\ d-ij,+\D<�WY\�0-<E^9<>7DTVWb,+<E0 T�. W ,+nY*"U=* ^�+< \D^DW4Ig,+<E\D\�T�. ^e7XW.Jv!NfD+W \ W \
*,/*�nbh-T�d-<E0+%_T�. \D\@TVi+0-<V\�-.=dy<E\�.=7X<�:/iji+0 \�-.=d-< �q<>.;^eh-7X<E\�pC^�+<V\D^DW4Ig,+<E\D\�T�.;^e7]W?J�WY\�< I�<�-E^DWY[=<EnY*
.V\�-./d-< � -Eij,-,+<�-E^DWY[jWY^X*
T�.;^ 7XW.J � �qij7�.�h-,+W4�qij7DTVnY*�<Enb.;\D^DW.-�[=i=nbh-TV<=!

& 0$# 02/ 	�&�<�Z AC41Z & [E> FCB ' >a:;H ',> & : 47F��
f�+< �8`s -Eij,/[=<>7X:=<E\�TVij,+i=^9ij,+W.->.;nYn *�^9i�^�+<�^e7Dh+<�TVi+0-<V\�-.=dy<E\ .;\F^�+<@TV<E\ 
:/<E^D\ Cv,+<>77� k .;^�+<
O>Q - l = S -.=d+^D<>7 (5�E! 2N< -.>[/<
ijU+\D<>7][=<E0�^�-. ^�^�+WY\�->.=,"nY<>.;0 ^Di ��6Wbd-d+W ,+: ��Wb, ^�+<
<EWY:=<>,/[ .;nbh+<
\D<�'-h+<>,"-E<�=s\Di�^�-. ^�TVij0-< \�-.=dy<E\G->.=, ,+i
nYij,+:=<>7VU-< 7X<EnYW ./U+n *"T�.;^ -/+<E0 �qij7�^L*Ci ^D<E\D\D<EnYnb.;^DWYij,+\Vi��
^�+<�\e./TV<�\�-.=dy<=!8 N.;\D\Cnbh-T�d+Wb,+:�^D<>,+0-\�^Di�7X<E06h"-E<�^ +W \�< I�<�-E^�=-^�+h+\GT�.)1=Wb,+:�TVi+0-<�\ -.=d-<E\GT ij7X<
Wb,=[;.=7XWb.=,/^G^9i -�-.=,+:=<E\�Wb,
TV<E\  0-<>,+\DWY^_*=!

& 0$# 07W X*4=@?> &�' B ',> [EB7' 
 8 FCZaFC42B7&
� 0-W . :=ij,-.;n�T�.;\9\ T .;^e7XW.JNWY\�^e7]W [+Wb.;nC^Di Wb,=[=<>7]^�= +<>,"-E<P`�')h-. ^DWYij,+\ (6!$R ->.=,"U-<
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