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(
� � º � � ) ��� b%Q�];Z � � º ¤ r;MG�GMGQ�MT[�M�Z

t�OY^�_GZ�O;R8Z�W(�%^�OTU�r8Mv�8W(O8M�Q�M�W(M;`G^Yb M;r;�8Z�]vZ�VYZ�O;O8M�Z�R8t
R;t�NiZ��;Z�O;RYq rTM NiMGU�W(MG[�M;q U�S;Z�N Z;¦ � � ¤U(M;r;�8M�W�R;[�VYZ�O;R;Z MGlv�;^�t � ^ [ t�^�r8R%O;OYR;O8Q�MT[\^�O%OTMvN
U(MGU�W(M�a8OYR;R�b{M;r;�GZ�];Z(VYZ�O;O;M\Z O;^�V%RYOGZ�q%OTMvN¹§v_;^�U�W�`\Z
L���
°R8t�t�^�[�R8U�RTNPMGU�W(R��

(� ) R �%^�[\OGMGZ � � � � r%�8R
����� � º b � ¤ u8^�U�U(W�M\a%O;R8Z!NiZ�¯p];§ rTMvW�Z�O � R8^�VIs�OYX�N6R`GM;OGW�^�`TW�^�N6Rª��*&r;M\U(MGlGX�MvrY�GZ(]8Z(V;Z�OYR\a�� � º b � � b � � ºr;MG`;^�t�^�OYX:O;^!u;R8U8�6�G�
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�iZ�t�§;VYs�W(^�W(X N6^�U(U�� U�rGZ�`GW��GMGNiZ�W��8R;_GZ�U�`GR8S

R;t�NiZ��;Z�O;RYq�`GM\VIRG_GZ�U(W�[�^:[\X�];Z�V%Z�O;O8M�Q�M�R;t�W�^�lGV;Z�W(M;`
[�MG];Mv�TMv]Y^ r;�8Z�]vU�W�^�[�VYZ�O;X�O8^ uYRGU8� � �g�oMv� [�R8]%RGN M\NP§ªb
O;Z�M�l;X�_;O;XBqPb OGZ�N MTOTMvW�MTO8O%X&q [\R;] t�^�[\RGU�R;N M�U�W�R
`GMGV%R;_\Z(U�W�[�^~[�X�];Z�V%RY[��oZ�Q�MvU�a�R8t M\l;�;^�t � ^�[�M�];M;�GM\]%^
MvW�];^�[�V;Z�OYR\a OY^�U�X&noZ�OYR\a�NPMG¯oZ�W�lGX&W(s}U�[�aTt�^�O>U
§;U(V8MT[\RGZ�N r8�GM;[�Z�];Z�O8RGa O%^��pR8S ��`GU�rGZ��YRGN Z�OGW(M;[I�
��M\U�`GMGV%s\`\§ [\X�];Z(VYZ�O;R;Z³[�MG]vM;�GMG];^ R;t M\l;�;^�t � Mv[r%�GM;[�M�]%RGVYM�U�s�r;�YRºW�Z(N r;Z��;^�W�§T�8Z�,

=
J KGK

° L b�r%�8R
^�O;^�V�RGt�Z<§G_;RGW�X&[�^�V;U�a{W�M�V�s�`GM�W(M\W�[�M�]8MTuTM�] b6��OGZ��TQ(R\a
U�[�aTt�R�`GM�W�Mv�8M�Q�M.N Z�O;s\�oZ-, ,y�>SpU�W(^�VYs�OGM;q�[�Mv]GM;�GMG]
r%�;Rc��W(MGqcW(Z�N6rGZ��Y^�W�§T�TZpNiMG¯oZ(W£M�U�W�^�[\^�W�s�U�a<[��;Z��oZ�W�`\Z
N�^�W��;R � X [ U�[�a;t�^�O%OGMGN U�MvU�W�M\a%O;RYRª� �6W(M
r%�GZ�]%rGMGV;MG¯oZ�O%RGZ3r%�8R%[�M�]%RGW3`#[�X&[�Mv]G§#M OY^�V%R8_;R;R#r;M
`;�;^�q8O;Z�q·N Z��TZ ]%[�§GS½OGZ���`;[�R;[\^�V;Z�O8W(O%X�S©r;M\t�R � RYq[�MG];Mv�TMv]Y^�[1�GZ��oZ(W�`GZ�d&fihGj ò b�_vW�M1NiMG¯oZ�W l;X�W�s
U�[�aTt�^�O8M U OY^�VIRG_;RGZ�N [ �GZ��®Z(W�`GZ dgfihGj ò

O8Z(��`G[�RY[�^�VYZ�OGW�O;XyS � Z�rGMG_GZ�`@b �Y^�t�V%R;_G^�mxnpR;S8U�a±`;^�`
NiZ�¯®^�W�M�NPO;X�N R<�G^�U�U�W�M�a;O;R\avN Red»f'� h�jGbih\j.� h�j8bGd»f!�Td»f b
W�^�`�R���O8Z��GQ�RGZ�q U�[�a;t�R [ � Z�r8M�_;`;^�S �(!I��� � �GMGNPZ�W�M�Q�M@b
��W(MµU�MGQ�VI^�U�§GZ(W�U�a U°�TZ(t�§GVIs�W�^�W�^�N6R R8U(U�V;Z�];Mv[\^�O;RYq
U�R;U�W�Z�N�X dgfih\j�k ¤ [�M\];M;�GM�]�b®[�`GM\W(M;�GMGq=^�[�W(MG�%^�N6R
OY^�U(W�M�a%noZ�q{�;^�lGM\W�X.lvXyV%R�MGlvOY^��G§;¯oZ�O%X.];[�^3O8Z(��`;[�R8�
[�^�VYZ�OGW�OYX�S U(MGU�W(M�a%O%R\a [�MG]GM;�GMG]T^ U �;^�t(VYR;_;OGM;q
��O;Z��GQ�R;Z�q U�[�a;t�R � � ��� *�V;Z(]8§vZ�W §G_GZ(U�W(sIb _GW�M
��V%Z�NiZ�O;W�^��;OY^�a a;_\Z�qY`;^ dgfªh�j�k lGV%R8t�`v^ r8M
`GMGO%woRGQ�§;u;^ � RYR ` a;_vZ�qY`�Z dgfªh�j ò b OGM MvOYR
u;^�t�VIRT_T^�mxW�U�a³U�rGMGU�M�lGM�N §;rY^�`GMv[\`;R³[¹U(VYMvR RGV�R
� Z�rGMG_;`GR U�MGM�W�[�Z�W(U�W([�Z�OYOGMª� � ^�`;RTN MGlG�%^�t�M�Nxb�r;MG�
[�R8];R;N M\NP§ªb [ N ^�U�U�� U�rGZ�`TW��GM\N Z(W��;R8_�Z�U�`;R8S
R8t�N Z��GZ�OYR\a;S OGZ�W(MG_vO8M M;r;�8Z(]GZ�V%Z�OGM `TM�V�RG_GZ(U�W�[�M
[�MG]GM;�GMG];^Yb OGMªb³U ];�;§GQ�M;q U�W�MT�TMvOYX£b³]%^�O;OYX�Z
U�[�R8]vZ�W�Z(V�s�U(W�[�§;mxW¥M�W�MvNyb6_vW�M�§T[�Z(V�RG_GZ�O;R;Z3];^�[�V;Z�O%R\a
OY^�U�X&noZ�OYR\a r;�YR;[�MG];R;W ` r;Z��GZ��;^�U�r;�GZ�];Z�V%Z�O;RYm
[�MG]GM;�GMG];^ [�O8§vW��;R �TZ��oZ�W�`;R R ` §;[�Z�V%R8_vZ�O;RYm
MGW(O8M�U�R;W�Z(VYs�OGMGQ�M `GM\VIRT_vZ�U�W�[\^©U�RGV�s�O8M³U�[�a;t(^�O8O;M\Q�M
[�MG]GM;�GMG];^Y�

�iZ�t�§vV�s�W�^�W�X©R;t�NiZ��8Z�O;RYq��(V8Z�`GW�uGMGU�MvrYuGM�W�R%[�V;Z�O%R\a
r8M�V�R;`;�;R8U(W�^�V;V�RG_GZ(U�`;RGS r%�TZ(U�U(MG[�^\O;O%X�S M�l;�;^�t � MG[rY�;R;[�Z�];Z�O%X OY^>u;R;U8� « ����^�u8RGU;� « b0/ t�O;^�_GZ�O%R\a
U�MTr8�GMGW�R;[�V%Z�O;RTa O8Mv�8NPRY�GM;[�^�O;X OY^³N6R;OYRGN6^�V�s�O;M\Z
t�O;^�_\Z�OYRGZ � ²xµ ¿ [¹MGl�V�^�U(W�R L&�6�o�²r8Z��TZ(S;MG]%^8����^
u;R8U;� « b21 t�O;^�_�Z�O%Rva � ]%^�OYX [ ^�lGU(M\VImyW�O8X&S
Z�]%R;OYR � ^�SD� SpW(NªZ(W�R8N&b _\W(M NªZ(W�^�V%VYR;_GZ�U�`GRYq SYM�]
��V%Z�`\W�uGMGU�MvrYuGMGW(RY[�V;Z�O%Rva OY^�l�V�m&]Y^�Z(W�U�a r;�YR
]%^�[�V%Z�O;RTaTS O%^�U�X&noZ�O%Rva 3 lT^�u
4�564 !@b07GJelT^�uP�
8�[�Z(V%R8_GZ�O8R;Z1]%^�[�V%Z�O;RTa½OY^�U�X&n£Z�O8RGa½rY�;R;[�MG]%RGW±`
MGlvnoZ�N § �GM\U(W�§ � �P�o�;R���W�M�NxbIMG]%O8^�`GMªb@`;^�` [�RG]%OTM¼RTt
�;R8U(§;OY`G^Yb U�MvSY�%^�O\a%mxW�U�a [�U(Z M�U�MGl�Z�O%OGMGU�W�RPb
S�^��;^�`GW�Z��;OYX�Z1];VGa¶L&�P�p� rGZ��TZ(SYM�]%^8��L MGlG�%^�t � ^�S�bOY^�U�X&noZ�OYO;X&S�rY�;R.]%^�[�VYZ�O8RGa;S:9:lG^�u b�OY^�lvVYmB];^�V;U�a
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∆� ,�� =
=
� 7 �>��Q�];Z

∆ ¤ ��O8Z�uTQ�Z(W�R;_GZ�U�`G^�a=noZ�VIs8bp^ ,�� ¤r;M\U(W�M\a8O8O%^�a �PMGV%s � N6^�O%^G�\��L±�;^�lGM\W(Z ´ ^�V%RY`GMv[\^�R
�»^�V%U�Z�q8�GM �[JY�orGM;`v^�t(^�OTMibi_GW�M�W�Z�N6r;Z��;^�W�§T�8^�L&� �p�²rTZ��
�;Z�S;MG];^�MTr8R;U�X&[�^�Z�W(U�a<U�MGM�W�O;MG�oZ�O%RGZ�N

, -G/ 1
=
�vb � ���−ω ������� � − � � (λ ¾
	�	�� (ε))

�®b � � �
Q�];Z�


(ε) ¤ rTV%M\W�OGMGU�W�sc��V%Z�`GW(�8MvOYO;X�S U(MGU�W�M\a8O8R%q O;^
§%�GMv[\O;Z�´�Z��;N R ¦

λ¾�	�	 ¤ ��wowBZ�`GW(RY[�O8^�a�`GMvO8U(W�^�OGW�^
�(VYZ�`TW(�;MGO%� w&M;OGM;O;O8M�Q�M [�t�^�RGN Mv]GZ�q;U�W�[�R\a � � ^�`;R;N
MvlG�%^�t�M�Nxb�W�Z(N6r8Z��;^�W�§;�;^ L&�P�p� rGZ��8Z�S;MG]T^ a%[�V8a;Z(W�U�a
wB§;OY` � R8Z�q~r8V;MGW(O;M\U(W�R�U(MGU�W(M�a8OYR;q���L�r;�;R8l�V�RG¯pZ�O;RYR
¯pZ(U�W�`�M;q t�M;O;X R;O8W(Z��;`;^�V%RY�GM;[�^�O8R;Z [�M\];M;�GM�]8MvN
];MGV;¯�OGM±rY�;RY[�M�]YRGW�sº` U(N Z�noZ�O;R%m wxZ��GN6RGZ�[�U�`GM�Q�M
§%�GMv[\OGa ��SpW�N Z�W�RTNBbi_GW�M�[¥W�^�`GMGq�N MG]GZ(V�R OY^�U�X&noZ�OYRGZ
[�MG];Mv�TMv]8M�N{N M\¯pZ(W£U(V;§8¯®R8W(s���wowBZ�`\W�RY[�O8X�N{N Z(W�M�]8MvN
[�V�R\a%O%R\a�O;^ t�M;O;O;§;m�U�W��T§T`TW(§;�G§ª�&Spl;X�_TOTM{[�MG]GMT�TMv]ªb
R%OGW�Z��;`;^�V�R;�;MG[�^�OYO;XBq�[ �GZ��®Z(W�`G§�O;R;t�`\M;�;^�t(N Z��;OYX�S
U(W��G§%`\W�§T��b a%[�VTaTZ�W�U�a ];M;OGM;�GM�Nxb U�r;M\U(MGl\U(W�[�§\a
t�^�r8M�V�OGZ�O%R;m t�MTO8X r%�TMv[�MG]%RTNPM\U(W�R R U(N Z�np^�a
wBZ��GN6R8Z�[�U�`GRYq §;�GM;[�Z�O;s©W�^�`Pb�_\W(M r;�;MG[�MG];R;N M\U(W�s
MvlG�%^�t � M;[©[�MGt��8^�U(W�^�Z(W8��L �;^�lGM�W�Z �6§GV%V;Z�W�W�^ � 9Y�
r%�GM;[�Z(]GZ�O%X ];Z�W�^�V�s�O%X�Z��;^�U�_�Z�W�X�t�MTO8O;MGq U(W��G§;`GW�§;�;X
R¸rGM;`G^�t�^�OGMªb�_GW�M±t�MvOY^1r;�;MG[�MG];R;N M\U(W�R a%[�V8a;Z(W�U�a
];MGU(W(^�W�MG_;OGM §vt�`\M;qªby^�§;�8Mv[�Z�OYs ´ Z��GN6R��;^�U�r;M\V%M\¯pZ�O
O%^ ];M�U�W�^�W(MG_vO8M�r8V%^�[\OGMGN1§;_v^�U(W(`TZ�U(V8Z�[\^�MGW�r%R8`;^
t�^�[\R;U�RGN MGU(W(R�


(ε)
��L �(W�MGN U(VY§G_T^�Z±OY^�U�X&noZ�OYRGZ

[�MG];Mv�TMv]8M�Nº];M�VY¯pO;M�rY�;RY[�M\]%RGW�s�`��8Z�t(`GMGNi§��GM\U(W�§
r;V;MGW�OGMGU(W�R�U�M�U�W(M\a%O;RYqªb¥`GM�Q�]Y^

ε­ r;�;R8l�V�RG¯�^�Z�W�U�a�`
r%R;`T§�`;�;R;[�M;q�


(ε)
bg_GW�M�b�[#U�[�M;m�M�_GZ��GZ�]%sYb&];M�VY¯pO;M

MvW��;^�¯�^�W�s�U�a R³OY^·U(M\MGW([�Z�W(U�W�[�§;monoZ(N r8Mv[�Z�];Z�O;RYR
,.-G/ 1 � �i^�[\R;U�RGN MGU(W(s , -G/ 1 MGW ]%^�[�V8Z�OYR\a
O%^�U�X&npZ�O;RTa b<rGM;`v^�t(^�O8O%^�a�O8^�u8RGU;�>J@b¥`;^�_GZ(U�W�[�Z�O;O;M

U�MvQ�V�^�U(§GZ�W(U�a!UBr%�GZ�];V;MG¯oZ�O%O;XyN�N Z(SY^�O;R8t�N MGN&�%�xMvVYO;M\Z
t�^�r;M\VIOGZ�OYRGZ t�M;O;X rY�GMG[�MG]%RGN M�U�W�R ];M\V%¯pO8M
rY�;R;[�MG]%RTW�s3`#[�M\t�OYR;`;OTMT[�Z�O8R%m�r8M�VY§;r;�8Mv[�MG];OYR;`GM;[�M\Q�M
U�MvU�W�M\a%O;RTaPb�_GW�M�R�O;^�l\VImy]%^�Z(W�U�a [���`TU�r8Z��8RGN Z�O8W�Z8�
SpW�`;�;X�W�X�N M�U�W�^�Z�W(U�a [�MGr%�TM�U M rY�;RY�GM�]8Z
N Z(W�^�V;V�RG_GZ(U�`GM\Q�M±U�M�U�W(M\a%O;RTa rY�;R·l\MvV8Z(Z1[�X�U�Mv`;R8S
]%^�[�V%Z�O;RTa O;^�U�XxnoZ�O;RGa R U(MGM\W�[�Z(W�U(W�[�Z�O%OGM{r8�;R l�MGV;Z�Z
[�X�U�M;`;RGS `\M;O � Z�O8W(�Y^ � RvaTS [�Mv]8Mv�GMG]%^8� * � Z(V%s\mR8t�§;_�Z�OYR\a��(W�MGQ�M3U�M�U�W(M�a%O%R\a OY^�N6R3l;X�V;M�RGU(U�VYZ(]GM;[�^�O8M
��V%Z�`\W�uGMGU�MvrYuGMGW(RY[�V;Z�O%RTZ N MTOTMT`G�YRGU�W�^�VYV%R8_�Z�U�`;R8S
MGlv�;^�t � MT[IbIO;^�U�X&noZ�OYO;X�S [�MG]GM;�GMG]GMvN r;�YR 5�� �MK!l;^�u
U1]%^�V�s�O;Z�q;��RGN rGMGU�W(Z�rGZ�O%O8X�N §GNPZ�OYs��oZ�OYRGZ�N Z�Q�M
U�Mv]GZ��;¯p^�OYR\a � �»[�MvVYm � RGa�W�Z�N�rTZ��Y^�W(§;�;O8M�Q�M�S;MG];^ �
R8U(U�V;Z�];§GZ(N M�Q�M�M�l;�;^�t � ^�rY�GZ�];U(W�^�[�V8Z�OY^�OY^�u;R;U8� !@�
� ^�` R O8^¸r;�8Z�U(U�Mv[\^�O%O;XyS M�l;�;^�t � ^�S b�RGU(SYM�]YO;M\Z
r8Mv[�Z�];Z�O;R8Z ����W�MGQ�M M\lT�8^�t � ^#RGN Z(Z�W�N Z�W�^�VYV%R8_�Z�U�`;RYqS�^��;^�`GW�Z��ª����M\U(VYZ�];Mv[\^�W(Z�VIs�O8M�Z�§G]%^�V;Z�OYRGZ�[�M�]8Mv�8M�]%^
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