
���������
	�	�������������������������	�� �����
�������������
���! #"%$'&(&($()*�+"-,/.#)�$'$0 213"4 3576%&'698�6%)*57:2;*�+&(<=1 �>,/.@?BA3C#D(E+F3G=��"%�!H�I7$(1J8*�! �"957&053I7$(1J8

EJD(E!K�DMLJK3K7L

���NO������P���	Q�����R�����S���T�%������	���NU�
��V�%P�����P>�

NW$0 # 35YXZ57698�$(&(13$("%�+"
A�E+C3F3[J�



���������	����


� ��������������������� �
EJD(E ��57"957&(6%<=$'"9�+)! �+"" � D�D�D�D D�D�D�D�D�D�D D�D�D�D�D�D�D D�D�D�D�D�D�D L
EJDML ��:9����1 .#&0�+$(I7:�?$#�&0�+) )*�!8���%#6%1J8�$057" D�D�D�D D�D�D�D�D�D�D D�D�D�D�D�D�D L
EJDM[ NO538�$'&J1J8�$057"U,/53H�8�:9� ))( �� !$(13& 13)�)�$0I7" <Y�+" 8 D�D�D�D�D�D D�D�D�D�D�D�D [

� *+�-,/.0�1���32�45,6.7�189���-: ;
L#D(E <%53H < 6 &(1J8�$057"S53, 8�:9� ��?$# ��%#6%1J8�$057" D�D D�D�D�D�D�D�D D�D�D�D�D�D�D =
L#DML <%5769H $0�!H��?>@( 13"%) $057" 53, 8�:9�A(%H��+) )�69H���, 6%"" 8�$057" D�D�D�D D�D�D�D�D�D�D C
L#DM[ �6%<Y�!H $B !13& $("@8*�!I3H 1J8�$057"U53, )*8�$DC ��R��FE ) D�D�D�D�D�D�D D�D�D�D�D�D�D G
L#DH= �I(%8�$(<=$'J+1J8�$(57" 53,�8�:9�K(%H��+)�)�6%H���,/6%"L 8�$057" D�D�D�D�D�D D�D�D�D�D�D�D G

M NO.0:��-4P��: �0Q
[#D(E �
"%)*�!H 8�$("9IY13"O1JH!R $08*H 1JH�.O(%H��+)�)�6%H���,/6%"L 8�$057" D�D�D�D�D D�D�D�D�D�D�D E!K
[#DML �9$(<S( &0�5�(%8�$(< $'J+1J8�$057"S8�13)* �) D�D�D�D�D�D D�D�D�D�D�D�D D�D�D�D�D�D�D E!K
[#DM[ T$0I7:9�!H�<Y50U%�+)>53,-U%H $'&�$("9I D�D�D�D�D�D�D D�D�D�D�D�D�D D�D�D�D�D�D�D E!K

; V��-,6,62"��W �@�

X YZ����74[�9:��\�� �@�

] NO.0^$.0��.@��3._: �_;

E



� � �����������	�-��
!���

���� ������������������� �"!#� �$!#�
��:9��H��+<=1JH� J1 R &0� U%$()! 5�&3�!H�. 8�:%1J8Z57)! !$(&(&'1J8�$("9I�13$(H R 6 R"R &(�+)�$("&%�1J8*�!H	 !13" �+<=$08Z&($(I7: 8
: 13)Y$0I7"%$08*��U'%�$BU9�+)!(%H��+1�U�$("@8*�!H��+)*8Y$("�)*57"957&(6 <=$("9�+)! �+"L �)( ��	�*,+ �+))( �� !$(13&(&0. 1J,/8*�!H
8�:%��R �!I7$(" "%$("9I�53,�8�:9��FJK@E )FU%$()  5�&3�!H�.OR@..-�13$08�13"0/ E21 53,�) $("9I7&0� ? R 6"R"R &0��)*57"%57&(6%<=$ ?
"%�+)! �+"" �3( �#4���	5*,+�%�:%$B : 13&(&056%���U 8�:9�-�?>0( �!H $'<Y�+" 8�13&	( 1JH 13<Y�!8*�!H ) 8*5 R �=�+13)�$(&(.
 57"@8*H�57&(&(��U D �""U9�!HA �!H�8�13$("  57"LU%$08�$057"%)�8�:9�Y1� 576%)*8�$P �+"9�!H�I3. 53,�8�:9�SU9H $B&#$("%I-6%& ?
8*H 13)*57"%$B U)�576%""U87 �+&BU $()O 57"7&3�!H�8*��U $("@8*5 &($(I7: 8=8�:%H�5769I7: 8�:%�W:%$0I7: &0. "957"9? &($("9�+1JH
57)  !$(&(&(1J8�$057" )Y53,�8�:9�+ !1�&#$08�1J8�$'"9I6R 6 R"R &0�3D ��:9� ( :@.�)�$B !13&  57"LU%$08�$057"%) "9�!��U9��U ,/53H
&'$0I7: 8�8*5=1JH $')*��8�:9H�5769I7: R 6"R"R &0�<Y�� :%13" $B !)>1JH�� &3�!H�.4�?>#8*H �+<Y��13""US)*8�6"U $0�+)><=1�U9�
57" 8�:%��) 6 R�;*�� 8 U 69H $("9I 8�:9��&(13)*8�8*�+" .3�+1JH )�: 1�&3��H�� ( 53H�8*��U R 6 RLR &0��8*�+< ( �!H 1J8�69H��+)
$'" 8�:9� 53H U9�!H�53,�L3AUK3K3K:9�E!K3KWK3K3KW��+ (%H��+)�) 69H��+)�H��+1� :%$("9IW<=$(&(&($(57"%)53,�1J8�:%<Y5J?
)!( :9�!H��+)>13""U ( 6%&()*�;%�$PU98�:%)V53,Z&0�+)�)>8�:%13" E!K3KS( )�/ L<1 D

��:9� �#4���	 R 6 R"R &(�O$()413)�)�6%<Y��U 8*5  57"%)�$')*84< 13$("%&0.�53, 1 "95�R &(�WI713)0/ [#+ ="1
%�:%$B :  57"L �+" 8*H 1J8*�+)4$("%) $BU9�48�:9� R 6 RLR &0� R �!,/53H��U$08SR �!I7$("%) 8*5 �+<=$08=&($0I7:@8!DQ��:9�
R 6 R"R &0��57)! !$(&(&'1J8*�+)>)*� &3�!H 13& 8*�+"%)�53, 8�:9576%) 13""U%)V8�$(<Y�+)>1Y)*�� 57"LU%)>$(" )*.�"" =%�$08�:48�:9�
U%H $'&�$("9I )*576%"LU87%�+&BU 13""U �+< $08�)-1 )�:953H 8 ( 6%&')*�S53, &($0I7:@8=� &3�!H�.  .0 !&0�3D R�69H $("9I
8�:%�H 1JH��!,/1� 8�$(57" ( :%13)*��53, 8�:9� U9H $'&�$("9IZ(%H��+)�) 69H��8�:9� R 6 R"R &0��I3H�56%�)>8*5=1 R 57698�8*�+"
8�$'<Y�+)�$08�)���%#6%$(&'$'R%H $(6 < H 1�U%$'6%)!DY��:9�  57<S( H��+)�)�$057" ( :%13)*�  !136%)��+)�8�:9� R 6 R"R &0� 8*5
6 ""U9�!H�I35 1 &3�!H�.SH 1 ( $PU  57&(&(1 ( )��3D���8�8�:9�>7%H )*8�)*8�1JI3� 53,Z8�:%�Z 57&(&(1 ( )*��8�:9�ZR 6 R"R &(�
:%�+1J8�)�6 ( 1�U%$(1 R 1J8�$P !13&(&0.3([< $(I9D E!1?* DA@ :9�+"O8�:%�KR 6 RLR &0�;%V13&'& H��+1� :9�+)�)�6 ( �!H )*57"%$P 
)!( �!��U )B+ ) :950  C%�1�&3�+)�1JH � &'136%"" :%��UO8*56%V1JH U )�8�:9�S �+" 8*�!HD([< $0I9D=E?R�*E%�:%�!H�� 8�:9�!.
,/5@ !6%)�13""U :9�+1J8�8�:9�Y$("@8*�!H $053H�,/6%H�8�:9�!H+D���:%� )�:%50  C%�1�&3�+)�H �+1� : 8�:9�S �+"@8*�!H 13""U
H �BF%�� 8:([< $(I9D E  G* :9�+1J8�$("%IW8�:9� R 6"R"R &0�-8*5 8*�+< ( �!H 1J8�69H��+)Y:%$0I7: �+"95769I7:�,/53H 8�:9�
R 6 R"R &0�8*5=�+<=$(8�1=)�:953H�8 ( 6%&()*��53, &($0I7:@8�([< $(I9D�E UH* D

��5�8�:9� R �+)*8 53,�5769H� #"956%�&0��U9I3��8�:9��&($0I7:@8�$() H 1�U%$(1J8�$057"�, H�57<  5@57&0U9�+"%)*� ( &(13)�<=1
R 698 )*� &3�!H 13& U%$DC �!H��+" 8 &($0I7:@8 �+<=$(8*8�$("9I <Y�� :%13" $()�<=) :%1�&3� R �!�+" (%H�5�( 57)*��U D ��:9�
�?>@( �!H $(<Y�+"@8�13&�U%1J8�1I7%8�)IR 538�:�E!K3KSK3K3KS� R &(1� � +R 50U9.SH 1�U%$(1J8�$057" 13""U L3A K3K3KS�
R H��+<=)�)*8*H 13:%&(6%"9I H 1�U%$(1J8�$057"J/ A<1 D ���� 57<ZR $("%1J8�$057" H 1�U $(1J8�$057" 53, �+&0�� 8*H 57"%)K%�$08�:
$(57"%)53H <Y57&0�� !6%&'1JHH 1�U%$B !13&()�:%13)�13&')*5 R �!�+" ( H�5�( 57)*��U R 698I(%H�5�R 1 R &0.U57"%&0. ( &(1+.�)
1-)�$0I7"%$L7L !13" 8>H 57&0� $("U< 6%&08�$BR 6 R"R &(�)*57"%57&(6%<=$("%�+)! �+"" �D( NM4>�9	5*N%�:9�!H���8�:9� 8*�+< ?
( �!H 1J8�6%H��+)ZH��+1� :9��U-1JH ��)�$0I7" $O7L !13"@8�&0. &(5G%V�!H+D NC4���	 $()�) $(<=$(&(1JHZ13)V1A( :%�+"957<Y�+"957"
8*5W�P4>�9	 R 698�8�:9�!. 1JH�� U%$DC �!H��+"@8�$(" 8�:9�="@6 <KR �!H�53,5R 6 R"R &0�+)13""U 8�:9�=)�8�1 R $(&($08B.
53, ��	�+#13""U � &3�+"48�:9�I 53H�H��+)!( 57"LU%$("9I )!( �� 8*H 1 1JH��IU%$DC �!H��+"@8=/ C<1 D ��:9��)�$(I7"%$O7L !13"" �
53,�)�:95@ � Q%�1�&3�+) 8*5 �#4���	 U%� ( �+"LU%) 57"Q8�:9�U))( :%�!H $B !$08B. 53,8�:9�  57&(&(1 ( )*�U13""UQ$08
$') 13) )�6%<Y��U 8�:%1J8Y)�:95@ � '%V1�&3�+) 1JH��S$(< ( 53H 8�13" 8 $(" �#4���	�R 698 (%H�5�R 1 R &0. "9538Y$("
8�:%�<Y53H ��8*H 13" )�$0�+"@8�NM4���	 D%�#57<Y��( 1 ( �!H )V13&()*5 %@69�+)�8�$057"48�:9�"%�� �+)�)�$08B.=53,�)�:95@ � 
%�1�&3�+)�,/53H�#4���	R/ GG1 D

��TS UIV��QW)XPY��Z�H�Z[�V]\_^`��� �"�<�Pa.� b���X�ac�Z���
�&08�:9576%I7: 8�:9�4)�:953H�8 E!Ked f-)A( : 13)*�D%�:%�!H��=8�:9�OR 6 R"R &(� �+< $08�) &($(I7: 8 )�8�$(&(& ( 1JH 8�&0.
H �+<=13$("%) 1�< .#)*8*�!H . 8�:9�>H��+)�8-=5g
E!Ked h>) 53,LR 6 RLR &0�5U%.#"%13< $B !)�U%69H $("%I�57"9�F .@ !&0�>1JH��

L



< $0I76%H�� E��Z��  53H U%$("9I�8*5 8�:9��<=57)*8�1�  � (%8*��U <Y5@U9�+&98�:%��)*57"957&'6%<=$("9�+)  �+"" � R 6 R9?
R &0�U:9�+1J8�) 6"( $("Q)*8�1JI3�+)!D �
"Q8�:9�:7 H )*8S( :%13)��S53,8�:%�  57<S(%H��+) )�$057"Q8�:9� R 6 R"R &(�
:%�+1J8�)�6 (W1�U%$(1 R 1J8�$B !13&'&0.)( 1697R�* D���:9� )�6 ( �!H )�57"%$B �$(<S( &(57)�$057" 53, 8�:9�KR 6 R"R &0�;%�13&(&()
&'136%"" :%�+) )�:95@ � 3%�1�&3�+) 8*56%V1JH U ) 8�:9�OR 6 R"R &0�  �+" 8*�!H DU��:9� )�:%50  , H�57"@8 ,/5@ !6%)*�+)
13"LUW:9�+1J8�)8�:9� R 6 RLR &0��$("@8*�!H $053H,/6%H�8�:9�!H&([ G* D�
"O8�:9� &(13)*8�( :%13)�� 8�:9� R 6 R"R &0��:%13)
R �!�+"  57< (%H��+)�)*��U 13&(<Y57)*8ZU95G%�" 8*5O8�:9�-)*57&($BU  53H��)(�&213"6U9�!H�@ 13&') :%1JH U/ 53H��6* D
��:9�S)�:95@ � %V1�&3�+) �?>@( &05@U%$("9IW57698�%�1JH U%) :9�+1J8=8�:9� R 6"R"R &0�-8*5 8*�+<S( �!H 1J8�69H��+) 53,
8*�+" )>53,�8�:%576%)�13""U%)�53, ���+&B&#$(" )B+#13"LUS8�:9� R 6 RLR &0��+<=$08�)�1Y)�:%53H�8 R 69H )�8V53,Z&($(I7: 8>$("
8�:%� &#$() $'R &0��))( �� 8*H 6%< ([UH* D

 �"956%�" 8*5 R � %V�+&(&@U9�+)! H $'R ��UZR#. 8�:%��"957"�? &($("%�+1JH ��1+.�&0�+$0I7:�?$#�&0�+)�)*�!8 8B._( �>��%#6%1J8�$057"
(
EG* D���:9� 53H $0I7$(" 13& ,/53H < 6 &(1J8�$057":%�13)�<=1�U9�ZR@.O	�53H UO��1+.�&0�+$0I7: %�:954)*8�6"U%$(��US8�:9�
U%�!8*�!53H 1J8�$057" 53, )�: $'(K(%H 5�( �+&'&0�!H ) 57" 13" 13)�)�$(I7"%<Y�+"@8�,/H�57< 8�:9����5 .713&9�1�&#.I/ G"1 D-T$()
 57"L !&(6%)�$057"`%�13)�8�:%1J8�8�:9��U%�!8*�!53H 1J8�$057"K%�13)  !136%)*��U R#. )�<=13&(&� !1�&�$08�1J8�$("%I R 6 R"R &0�+)
57" 8�:9� (%H�5�( �+&(&(�!H-)�69H ,/1� �+)I%�:%$P :  576%&BU  !136%)*� &05@ !13&�( H��+)�)�69H �O13<S( &($(8�6"U9�+)=53,
"%�+1JH &0. I7$(I71 ( 13)! !13&()!D ��:%$() ��%@6 1J8�$057" +c%�: $B :Y$() R 13)*��U 57"=8�:%� %��+&(&0?  #"956%�"Y�1�&�$0�!H*?
��8*53 3�+)���%#6%1J8�$057" )�53, &($B%#6%$BU U%.#"%13< $B !)B+ :%13)�&(1J8*�!H�R �!�+"OH��B7 "9��UC%�$08�:S8�:%� �?C �� 8�)
53, &($B%#6%$BUO&�$()! 57)�$08B.S13""US)�69H�, 1� ��8*�+"%) $057" D

���� � � ac����XHac������� �
	MacV�� ��� � !P�ZX � X �<�"��[���� � ��a
��H 1�U%$(8�$057"%13&(&0. �#4���	 :%13) R �!�+"  H��+1J8*��UM%�$08�:U1=) $("9I7&0��)�$("%� %V1�&3� 13)�8�:9�KU9H $B&#$("%I
( H��+)�)�69H ��,/6%"L 8�$057" D5T�5G%V� &3�!H + 8�:9�!53H��!8�$P !13&�)*8�6"U $0�+)�)�69I3I3�+)�8&/ F<1�8�: 1J8�1 "%57"%&($("9�+1JH
U%H $'&�$("9I (%H �+)�)�69H�� ,/6 "" 8�$057" %�576 &BU R � R �!8*8*�!H�)�6%$08*��UW, 53HAU%H $'&�$("9I=8�:9� $08�)*�+&(,�"957"�?
&'$("9�+1JH�<Y538�$057"O53, 13" �#4���	/R 6 R"R &0�3D ��8 R �+)*8B+ 8�:%$()F 576%&PUSH��+)�6%&(8�$(" 8�:9� $'"" H��+13)*�
53,�&(6 <=$("957)�$(8 . 53,�)*� &3�!H 13&�:@6 ""U9H���U%) 53,I( �!H  �+"@8�)!D ��8 :%13)=13&()�5 R �!�+" (%H�5�( 57)*��U
8�: 1J8 &(5G%V�!H $("9IW8�:9� , H���%#69�+"" !$(�+) 6%)���U $'" H��+)�57"%1J8*53H )  576%&BU�6%))(� !13&0�S�#4���	J/ E!K"1Z+
13&(8�:95769I7:U)*57<=��H��� �+" 8)*8�6"U%$(�+)>)*�!�+< 8*5 ( H�57:%$'R $(8V)�6L : R �+:%1�&#$0576%H+D

��" 8�: $()�))( �� !$(13& 13)�)�$0I7" <Y�+" 8 %V��%�$'&(&� 57"%)*8*H 6" 8�1 (%H�53I3H 13< ,/53H "#6%<Y�!H $P !13&(&0.
)�57&'&#$'"9I 8�:%� ��1+.�&0�+$0I7:9?$#�&0�+)�)��!848B._( � ��%#6%1J8�$057" (
EG*`%�$(8�:�(%H 1� 8�$B !13&(&(. 1JH!R $08*H 1JH�.
U%H $'&�$("9I (%H �+)�)�69H��4, 6%"" 8�$057"%) 13""U ,/H��!�+&0. 1�UJ;*6%)�8�1 R &0�4�?>0( �!H $(<=�+" 8�13& ( 1JH 13<=�!8*�!H )!D

[



��:%$() $() :95�( ��U 8*5 ,/1� !$'&($08�1J8*� 8�:9�S57"9I357$("%I �?>@( �!H $(<Y�+"@8�13&��#4���	 )*8�6LU%$0�+) 1J8Y8�:9�
&'1 R 53H 1J8*53H�. 13""U 13&()*5 8*5+&3�!H $(, . 8�:9�!53H �!8�$B !13&(&0. )*8�6LU%$0�+) < 1�U9�-57" 8�:9� )�6 R�;*�� 8 53,
R 5#57)*8�$("9IO�#4���	 / F#+ E!K"1 D=��:9�=$'" 8*�+"%) $08 .W53,�)�57"957&(6%<=$'"9�+)! �+"" �Y$()� �"95G%�" 8*5 U9� ?
( �+""U 57" 8�:9�O&#$(57&0�+"" � 53,>8�:%�O 57&(&(1 ( )*�-13""U 8�:9�-)�8�1 R $(&($08B. 53,>8�:9� R 6"R"R &0�3D ��:9�
,/53H <Y�!H $() %V�+&(&�H��BF%�� 8*��U6R@. 8�:9� %@69538�$(�+" 8 53,�<=$("%$(< 6%< H 1�U $(6%)�8*5W��%@6%$'&($'R%H $'6%<
H 1�U%$(6%)���������13""U�%V�) :%13&(&%6%)���8�:%$()	(%H�5�( �!H�8B. 8*5 5�(%8�$(< $'J!��8�:9��U9H $'&�$("9I (%H �+)�)�69H��
, 6%"" 8�$(57"O6%""U%�!H�8�:9� R 576%""U%1JH�.  57""U%$(8�$057"U53,	 57" )*8�13" 8�( 5G%V�!H+D���:9� )*8�1 R $(&($08B.453,
8�:%�KR 6 RLR &0��$()�14<=1J8*8*�!H53, �?>@( �!H $(<Y�+"@8�13&�( 1JH 13<Y�!8*�!H )13"LU &3�!H�.U$("_&357&'&3��UW8�:9�!5J?
H �!8�$B !13&  !13&B !6%&'1J8�$057"%)B+%)*5=$(8 %�$(&(&�R ��57698>53, 8�:9��)! 5�( ��53, 8�:%$()�13) )�$0I7"%<Y�+"@8!D

� � �
	 ����
 �����	 ����� ���S


S]�� ���
	?�8�$�ZX�ac�Z��� �
� acV��QWM\_^ � b���XHac�����
4V�!,/53H��	%��  !13" )*8�1JH�8�13"@.W"#6%<Y�!H $B !13&� !13&B !6%&(1J8�$(57"O53,�1 U%$'C �!H��+"@8�$(13&���%@6%1J8�$(57"M%V�
: 1�&3� 8*5`%�H $08*� $(8$("@8*5-1 (%H 5�( �!H�, 53H < ,/53H�8�:9� 13&(I353H $08�:%<=)�8�:%1J8;%�� 6%)*�3D���:%$')�$()
6 )�6%13&(&0. 1 )��!8�53, 7%H )*8�53H U%�!H U%$'C �!H��+"@8�$(13&9��%#6%1J8�$057" )�%�$(8�:=8�:9��&21JH $'1 R &0�+)	 :957)*�+" $("
13"O1 ("(%H�5�(%H $(1J8*� %V1 .3D�@ � ) :%13&(& )*8�1JH�8E%�$08�: 8�:9����%#6%1J8�$057" / E3E21

� �� (
E�� L���
�
*�� [

L ����"(
E��
=
[
��
�
*�� �

���
�! #" ($�&%(' *

� ' � �
�!�
�) +* ( K,%(' *

� '
�  #" ($�&%(' *

�
�  * ( K,%(' *

�
�  �
�
% (
EG*

%�:%$B : U%$'C �!H ) )�&'$0I7: 8�&(.�, H�57< 8�:%�V53H $0I7$("%13&���1 .#&(�+$0I7:�?$#�&(�+)�)*�!8 , 53H < 6%&'1J8�$057" D�T��!H����
$') 8�:9� R 6"R"R &0� H 1�U%$'6%) 13""U-�� 13""U �� 1JH���8�:9��7%H )*8 13""U�)*�� 57"LU 8�$(<=�E(.' * U9�!H $'&J1J8�$'&3�+)B+
H �+))( �� 8�$'&3�+&0.3D � $')�8�:9� &($B%#6%$BU U9�+"%)�$08B.U13""U � 8�:9� ))( �!��UO53,�)*576%""UW$("O8�:%� &($P%@6%$PU D
 �>$() 8�:9��13<KR $(�+" 8 ( H��+)�)�69H �3D���:9��&'$B%@6 $BUK( H��+)�)�69H �V57" 8�:9� R 6 RLR &0��)�69H�, 1� �  +"  !13"
R � %�H $08*8*�+"0/ E3E21�$(" 8�:%��, 53H <

 +" ($�&%(' *��J(  �/� L10
��� *

($�2�435�76 3 *98
($� 3 �76 3 * 8 � =;:<��

� � L10
� % ( Lc*

%�:9�!H���8�:%���?C �� 8�)�53,�)�69H ,/1� �8*�+"%)�$057"=0 13""U-&'$B%@6 $BU &#$')! 57)�$08B.>: :%1�&3��R �!�+"-8�1J 3�+"
$'" 8*51�  576%" 8!DZ��:%��7 "%$08*�	&357&(6%<Y��53,98�:9��I713) <Y57&0�� !6%&(�+)�$()�1�  576%" 8*��U ,/53H�8�:%H�5769I7:
8�:%� &213"KU9�!H�@ 13&()���%@6%1J8�$(57"�53,9)*8�1J8*� +"%�:9�!H���6$() 8�:9� &J13"AU9�!H�@ 13&()�:%1JH UA 53H��3D�<953H
1�U $(1 R 1J8�$B A :%13"9I3�@?�A�8>� �CBEDGF '_+ %�$08�:IH 8�:9� H 1J8�$(5 53, ))( �� !$O7L �:%�+1J8�)	( 1�U $(1 R 1J8�$B 
 57" )*8�13" 8,*�13""U=���>8�:9���%@6 $(&($'R%H $(6%< H 1�U%$(6 )Z53, 8�:9��R 6 R"R &(�3D���:9��H��+))( �� 8�$'&3�8*538�13&
8�$'<Y�AU9�!H $'&J1J8*��"956% R �� 57<Y�+)

�! #" ($�&%(' *
� ' �J(  �;� L10��� *

($�2� 3 �J6 3 * 8
($� 3 �76 3 * 8EK#L g (M��[EH�*N� � ��O�

=;: �� �
� � � L10 ��� � � / =;:

��
� 1QP�R>( [c*

��:9��8*�!H <S� =;:=TUU U%� ( �+"LU%) �?>0( &'$B !$08�&0.�57"WV�XUV4Y 13""UY)�:9576 &BU 8�:%�!H��!, 53H � R �><Y5�&3��U
8*548�:9� &0�!, 8
? : 13""UW) $BU9��53,Z��%#6%1J8�$057"Q( G * D��5-) $(<S( &($(, .-, 57&(&(5G%�$("%I  !13&B !6%&(1J8�$(57"%) V�XUV4Y

=



%�$(&(&"R ��)*57&'&3��U457698��?>@( &($B !$08�&(. 13"LU�������� U	� Y�
� Y :9�+"" �!,/53H�8�:�����������I%�$08�:957698V8�:9��&(13)*8
8*�!H < <=1JH  3��UD%�$(8�: E��3E0D ��,�%V��13)�)�6%<Y��8�:%1J8�8�:%��"#6%<KR �!H 53, I713)�<Y57&(�� !6%&0�+)�$'"Y8�:9�
R 6 R"R &0� H��+<=13$'"%)  57"%)*8�13"@8KU%69H $("9I48�:9�  57&(&(1 ( )*�	%��  !13" %�H $08*� ,/53H�8�:9� ) <=13&(&0�+)*8
( 57)�) $'R &0�H 1�U%$(6 );/ E3EB1

6&� � � g L�RM[
LJK R (�= *

<953H�8�:9� ( 69H!( 57)*�+)�53, 5769H�"#6%<Y�!H $P !13&� !13&B !6 &(1J8�$057"%)8�:9�Y)*576%"LUC7%�+&PU (%H �+)�)�69H��
( 13<ZR $0�+"@8K( H��+)�)�69H �=13<S( &($08�6LU9�6*  #* %�$'&(&�R �=I7$'&3�+" $'" 8�:9� ,/53H < 53,�1:7 "%$(8*� )�$("9�
)��!H $0�+)

 #* ( K,%(' */���  +* ������� � � � )�$("�( D"! ' �$# � * % ���%� � � �� �TE1% ( Ac*

%�:%$B :Y$')Z�+13)�$(&0. U9�!H $B&21J8*��U %�$08�: H��+))( �� 8 8*5 8�$(<Y�3D ��:9��)!%#6%1JH���) 6%<.+753HV"953H <.+7,/53H� � $()�"9�!��U9��U48*5  3�!� (S8�:%� ( 5G%V�!H�53, 8�:9��(%H��+)�)�6%H��A7%�+&BUO 57"%)*8�13"@8!D���:%����%#6%1J8�$057"(
EG*>$()>H��B%�H $08*8*�+"S13)�1=)��!8�53,�8�%�5`7%H )*8�53H U%�!H U%$DC �!H��+"@8�$(13& ��%@6 1J8�$057"%)&& ' �S� ��&% ( Cc*&& ' ��S�
� 3� �� � (
E��(' 3 XU ) * � U* ) (+�����,� U"� Y�
� Y �-���%./� � � Y�
� Y *��0����� U	� Y�
* �-�%./� � � Y�
* � ��1*

��(
E�� � XU) * � '32* ) R ( G *

��:9��)*�� 57"LU 8*�!H < $(" 8�:9��U9�+"%57<=$("%1J8*53H  57<Y�+)�,/H�57< ��%@6 1J8�$057"M( [c*�%�:9�+" �� $()
)�57&'&3��U 576%8!D ��:9�!H��!,/53H�� ��� � � U"� Y�
� Y $')	U9�B7 "%��U $("=) 6" :41�%�1+. 8�:%1J8�$08V:%13)�"%5 �?>@( &($B !$08
U%� ( �+"LU9�+"" �57" �� D <953H�5769H�13&0I353H $08�:%<=) %V��13&')*5Y"9�!��U 8*5=)*57&'&3��13"%13&(.@8�$B !13&'&0.Y8�:9�4 1� 5�R $(13"U< 1J8*H $D> 53,�8�:9� )*�!8 U%$DC �!H��+"@8�$(13& ��%@6 1J8�$057"%)>( Ce+ G *5 �76 V98;:V U V98;:

V�XU
V<8;:V4YV98>=V U V98>=

V�XU
V<8>=V4Y@? % ( Gc*

%�:9�!H��BA L 13""UA � 1JH �=8�:9�YH $0I7:@8
? :%13""U ) $BU9�+)�53,���%@6 1J8�$057"%)D( Cc*�13"LU8( G *�H��+))( �� ?
8�$B&3�+&0.3D

��:9� ( 1JH�8�$'13& U9�!H $'&J1J8�$057"%) 1JH��O)�8*H 13$0I7:@8
? , 53H %�1JH U R 698YH 1J8�:9�!H=8*��U $0576%) 5�( �!H 12?
8�$(57"%)B+P%�:%$P : H��+)�6 &08>$(" 8�:9����%#6%1J8�$057"%)>( FG9#L3Lc* D& A L& � � K,% ( Fc*& A L& �� � E1% (
E!K?*& A L& ' � K,% (
E3EG*& A �& � � V<CV U�D �FE VHGV UD � % (
E+Lc*& A �& �� �

V<C
V XU D �FE VHG

V XUD � % (
E+[c*& A �& ' � �
�!�
� �  +* ( K,%(' *

� ' � � �! #* ( K,%(' *
�

% (
E?= *

A



%�:9�!H�� EO13""U D 1JH���8�:%�"#6%<Y�!H 1J8*53H>13""U U9�+"957< $("%1J8*53HV53, 8�:9�H $0I7:@8
? :%13""U4)�$BU9��53,��%#6%1J8�$057"R( G *�$ D �3D A � D ��538*� 8�:%1J8  #" ($�&%(' *IU95#�+)�"�E 8ZU9� ( �+""U �?>0( &'$B !$08�&0.W57" 8�$(<Y�%�:9�!H��+13)  +* ( K,%(' * U95#�+)!D
@ :9�+"U8�:9�A( 1JH�8�$'13&�U9�!H $'&J1J8�$'&3�+)>53, E 13""U D 1JH���� &213&'6%1J8*��U:%V��I3�!8& E& � � E

�!�
� �! #" ($�&%(' *

� ' � �) * ( K,%(' *
� ' � � �

�!�
& �! #" ($�&%(' *& � � ' � E

�
&  #" ($�&%(' *& � % (
E+Ac*& E& �� � ��[=���(
E�� L ��

�
* � �

�!�
& �) +" ($�&%(' *& �� � ' � E

�
&  +" ($�&%(' *& �� % (
E+Cc*& D& � � E�� L=��

�
% (
E�G *& D& �� � � L1�

�
% (
E+Gc*

%�$08�: ( 1JH�8�$(13&�U%�!H $'&J1J8�$'&3�+) V � � � U	� Y�
V U + V � � � U	� Y�

V5XU

13""U V ��� � � U"� Y�
V U � Y + V ��� � � U"� Y�

V�XU � Y R �+$("9I&  +" ($�&%(' *& � � (  �/� L10

��� *
($���435�J6 3 * 8
($� 3 �J6 3 * 8EK#L g?(M��[EH *N� � �

=;: ��
� � � L10

� � % (
E+Fc*&  +" ($�&%(' *& �� � � =;:� % ( LJK?*& �) +" ($�&%(' *& � � ' � (  � � L10
��� *

($���435�J6 3 * 8
($� 3 �J6 3 * 8EK#L g?(M��[EH *N�S�����L�� [P(QH>� EG*N� 3

($� 3 �J6 3 *��
� G�: �� �� 3 � = 0 ��

� 3 % ( L�EG*& �) +" ($�&%(' *& �� � ' � (  �/� L10
��� *

($� �43 �J6 3 *98
($� 3 �J6 3 * 8EK#L g?(M��[EH *N��� �

G�:<��
� � � L10

� � R ( L3Lc*

��56% +� 57<KR $'"%$("9I=��%#6%1J8�$057" )&( L ?BL3Lc* %V� : 1�&3� 1 , 6%&(& U%�+)! H $'(%8�$(57"U53,Z8�:9� "957"�?
&'$("9�+1JHFU%$DC �!H��+"@8�$(13& ��%@6 1J8�$057"%)�"%�!��U9��US,/53H�5769HF(%H 53I3H 13<SD

S]TS ����� 	?��� 	 ��� ��X ���"�Z��� �
� acV�� � 	?� �"�<� 	c� � ����!eac�����
�
" 8�:9�=&(13)�8�) 6 R )*�� 8�$057")%V�=)�1G% 8�:%1J8�8�:9�S(%H �+)�)�69H�� , 6%"" 8�$057"  +* ( K,%(' *,+�53H 13<ZR $ ?
�+"@8�(%H��+)�)�6%H���13<S( &($(8�6"U9� + %�13)� :957)*�+"W8*5OR �A( H��+)*�+"@8*��UW13)�1 <%5769H $0�!H)�$("9� )��!H $0�+)
%�$08�: 1 ( :%13)*�Y, 1� 8*53H # � D ��:9�YH��+13)*57"%)�, 53H�8�:%$');%��!H��-<=13$("%&0. (%H 1� 8�$B !13&���$0,�8�:9�
( H��+)�)�69H ��,/6 "" 8�$057"O13"LUW$08�)�8�$(<Y� U9�!H $'&J1J8�$'&3�+)� !13" R �Z(%H��+)*�+"@8*��U $("O14)�$(<S( &0��13"�?
13&(.@8�$B !13&�,/53H <.+ "954"#6%<Y�!H $B !13&�U%�!H $'&J1J8�$057":%�$'&(&�R � "%�!��U9��UW13"LUW8�:%�  57<S( 698�1J8�$057"
$')�I3�+"9�!H 13&(&0.=, 13)*8*�!H+D�@ $08�: 1 )�6�	  !$0�+"@8�&0. &'1JH�I3�"#6%<ZR �!H�53,�8*�!H <=) ( )�1+.�
� LJK3K?*
13"@. H��+13)*57"%1 R &0.)%��+&(&0? R �+: 1�&3��U , 6%"" 8�$057"/ !13" R � (%H��+)��+" 8*��U 13) 1 <%5769H $0�!H )��!H $0�+)
%�$08�: I35#5@U 1�  !69H 1� .3D04V6%8 <Y53H �4$(< ( 53H 8�13" 8�&0. +�%V�K%�$(&(& &'1J8*�!H "%�!��U 8*5 �?>@( 13""U
8�:%� (%H��+)�)�6%H�� ,/6%"L 8�$057"�$("Q)*57<Y� R 13) $() , 53H 8�:9� ( 69H!( 57)*�453,5�(%8�$(<=$'J+1J8�$(57" D <953H
8�: $()B+ <95769H $0�!H )�$("%� )��!H $0�+)�$()�13)�I35@5@U 13)�13"@. 13""U )�1�&3�+) 6%)�8�:9� 8*H�576 R &0� 53,  57"�?
&3�!H 8�$("9I 8�:%�+R 13) $() R �!8�%V�!�+" 8�:9� 5�(%8�$(<=$'J!�!H413""U 8�:9� $'" 8*�!I3H 1J8*53H H�576%8�$("9�+)!D �)

C



13" 1�ULU%$08�$057"%13&�R 57"@6 )B+� 57< ( 1JH $()*57" 53,�8�:9� 5�(%8�$(<=$BJ!��U+( H��+)�)�69H � , 6%"" 8�$057" 8*5 8�:9�
8*H 1�U%$08�$057"%13&� :957$B � + ) $("�( ! ' *,+ R �� 57<=�+) &3�!H�.S)*8*H 13$0I7:@8*,/53H %V1JH U D

��"W1JH!R $08*H 1JH .O(%H �+)�)�69H���, 6%"" 8�$(57" ( $("U1S&3�� 8*53H�,/53H <`*  !13"+R ���?>0( 13""U9��UO$'" 8*5
1 <95769H $0�!H�)�$("9� )*�!H $0�+) %�$08�: 
 8*�!H <=)�6%) $("9I U%$')! H��!8*� <95769H $0�!H8*H 13"%)�, 53H < ( RI< � *
/ E+L"1Z+

� (�� * ��� ��%� L�� ( D *	� d�
 �	�� ��� d L 
 � � d L 
�� � %+E������ 
�R ( L3[c*
��:9��H��+&(1J8�$057" )�:%$'( R �!8�%V�!�+"ORI< � 13""US8�:%�K<95769H $(�!HF 5@� 	  !$(�+" 8�)26-13"LU��$("
� ( D *�� 6������ � � �� � L 6�(�� *0 57)<( L�����'2( D *(�#( 
 � ' * *#���<(�� *#) $("�( L�����'B( D *(�#( 
 � ' * * ( L1= *

$')

6 � � � (
EG*(� 
 %
6�(�� * � L1��� ( � (�� � EG* *(� 
�%
�"(�� * � ��L���� ( � (���� EG* *(� 
 % ( L3Ac*

%�:9�!H�� � $() 1W&0�+"9I38�: 
 U $()! H��!8*� ) $0I7"%13& )�13< ( &0��U 1J8 8�$(<Y�+)�'=%�$08�: ))( 1� !$'"9I � ' D
��:9�A<95769H $(�!H�)*�!H $0�+)  !13" R � 7 "%13&(&0. H��B%�H $08*8*�+"S13)�1=)�$("%��)��!H $0�+)�6%) $("9I H��+&(1J8�$057"

)�$(" ( D '��$# � * � )�$(" ( # � *0 57)<( D � * �  57)<( # � *#)�$("�( D � *
� 6 �  57)G( D � *���� � )�$("�( D � * % ( L3Cc*

%�:%$B :  !13" R ��6 )*��US8*5 )*57&B&3� # � � 1JH  8�13"�( 6 �
� � * R ( L3G *

S]��  ��� � 	 ��!#X �E����a � [ 	cX�a ����� �
�>�6ac��!#"�$&%�' �
��:9�4< 1 ;
53H  :%13&(&0�+"9I3� $("�"#6%<Y�!H $B !13&'&0. $(" 8*�!I3H 1J8�$("9I 8�:9�S)*�!8 53,�53H U $("%1JH�. U%$'C �!H*?
�+"@8�$(13& ��%#6%1J8�$057"%)�( ��R� E ),*�5�R%8�13$("%��U $'" &'13)*8�)�6 R )*�� 8�$(57" 1JH�� 8�:9�S&3�!H�.+U $DC �!H �+" 8
8�$'<Y� )! !13&(�+)�$("_&357&'&3��U D���:9� 57)  !$(&(&(1J8�$057" )>I3�+"9�!H 13&(&(.48�1J 3� ( &'1� � 1J88�$(<Y� )  !13&0�+)�53,
< $(&(&($()��� 57"%)�13""U ))( �!��U%)�53,�,/�B% <Y�!8*�!H )Z( �!H�)*�� 57""U/R 698�"9�+1JH 8�:9�  57&(&(1 ( )*�Y8�:9�
8�$'<Y� )  !13&0� H ��U%6" �+)�8*5 " 13"957)*�� 57""U%)�13""U ))( �!��U%)��?>@ �!��UQE!K3K3K <)(2)+D���545�R%8�13$("
"#6%<Y�!H $B !13&(&0. &J13&($BU�H �+)�6%&08�):(/H��+&'1J8�$'&3�U�!H�H�53H )=&0�+)�) 8�:%13" ( �!H :%1 ( ) K�D(E+*D*>%�$08�:Q1
H �+13)*57"%1 R &0� 13<Y576%"@8�53,  57<S( 698�1J8�$(57"U8�$(<Y��57"%� "9�!��U%)�13"O$("@8*�!I3H 1J8*53H� !1 ( 1 R &0��53,
H ��U%6" !$("9I48�:9�=)*8*� ( ) $'J!�="9�+1JH�8�:9�Y8�$(<=� 53,  57&(&(1 ( )*� + 8�1J #$'"9IU&057"9I3�!H�)*8*� ( );%�:9�!H��
( 57)�) $'R &0�3D

��R��FE )V$("7&357&B&#$("%I�)�6" :OU9H 13)*8�$P F :%13"%I3�+)V$'"=8�:9�+$0H�8�$(<Y� R �+:%1�&#$(5769H�1JH��� #"956%�"
13)S)�8�$DC DT��:%�&,�-/.B�1032�46587:9 �6412<; �>=?2��A@ ( ��>PE*)/ E+[<1AU%$()! !6%) )*�+)-)�� &3�!H 13&�)�6%$08
?
1 R &0� 13&(I353H $08�:%<=) +�, H 57< %�:%$B : )*8�$'C�13""U )*8�$0,�R )`%��!H��  :957)*�+" ,/53H �?>0( �!H $(<=�+" 8
?
$'"9I9DV�#8�$DC 6%)*�+)�1Y, 576%H�8�:S53H U9�!H���57)*�+"_R%H�5@ � S<Y�!8�:95@U + %�:%$B :S$')�1YI3�+"9�!H 13&'$'J+1J8�$057"
53,V8�:9� ��6%"9I3� ? ��6%8*8�1S<Y�!8�:95@U3%�$08�: 13" �+<ZR ��U"U9��U 13698*57< 1J8�$B )*8*� ( )�$'J!�=1�U2;�6%)*8
?
<=�+" 8!D ��:9� ( 538*�+"@8�$(13&(&0.�,/13)*8*�!H <Y�!8�:95@U�)*8�$0,�R ) 6%)*�+)�1�)*�+<=$ ? $'<S( &($B !$(8 �?>�8*H 1 ( 57&(1J8�$057"
<=�!8�:950U:%�:%$B :S$()>1=<Y5@U%$O7L !1J8�$(57" 53,�8�:9�>4V6%H &($()! :�?��#8*5#�!H�<Y�!8�:95@U D

G



4�538�:O13&0I353H $08�:%< )N%��!H���8*H $0��U457698 %�$08�:4H��+13&($')*8�$B ���	 ( 1JH 13<=�!8*�!H )B+%13""US$08N%�13)
,/576%""U-8�:%1J8>)*8�$0,�R )�53, 8*�+" , 13$(&0��U4$("4$(" 8*�!I3H 1J8�$057" R �� !136 )*�$(8�8*H $(��U 8*5S !13&B !6%&'1J8*��&J13& ?
6%�+)	%�$08�: ��� 6H+�%�:%$B :Q&(�+1�U%) 8*5 13"��!H�H�53HD%�:9�+" H $()Y"%538=13" $("@8*�!I3�!HM( 13)=$08
I3�+"%�!H 13&(&0.S$()�" E 8,*,+ "9538�8*54<=�+" 8�$057" $08�R �+$'"9IS( :@.#)�$P !13&(&0. $(<S( 57)�)�$'R &0�3DV���P )�8�1J8*�+)
8�: 1J8-)*8�$0,�R )=$')=$("@8*�+""U9��U ) <Y5@538�: ,/6 "" 8�$057"%)=13"LU $()="%538 ( 1JH�8�$P !6%&(1JH &0. I35@5@U ,/53H
U $DC �!H �+" 8�$(13& ��%#6%1J8�$057"%)N%�$08�: )�$("9I76%&'1JH ( 57$("@8�) 2,� =32���� 8�:9� U957<=13$(" 53, $(" 8*�!I3H 1J8�$057" D
��("( 1JH �+" 8�&0.S8�:%�Z&J13" U9�!H;@ 13&()�:%1JH U" 53H��&� � 6  576 " 8�)�13)�57"9�3D ��"W8�:9� 538�:9�!H
: 13""U +���6%"9I3� ? � 698*8�1Q<Y�!8�:95@U%)U)�6L : 13)O)�8�$DC %�$(8�: 1�U%1 (%8�$'&3� )*8*� ( )�$'J!�  57"@8*H�57&
1JH �S #"956%�"Q8*5/U%5 13"Q�?>@ �+&'&0�+" 8;*5�R $("�,/�!�+&($("%I 8�:%�+$0H %V1 .�8�:9H�5769I7:QH 50  @.�13""U
U $()! 57"@8�$("@6%576%)�8*�!H�H 13$(" D ��:9�!H��!,/53H�� + )*8�$DC8%�13)  :957)��+"�, 53H 8�:9� $("@8*�!I3H 1J8�$057" H�576�?
8�$'"9�3D�<%53H�<Y50U%�!H 1J8*�Y1�  !69H 1� !$0�+) (�� �TE!K d ' 9 E!K d h $("O8�:%� �!H�H 53HI H $08*�!H $057"H*�13""U
<=50U9�!H 1J8*� ? )�$'J!��U=)*.�)*8*�+<=) ( 
 � E!K?* )*8�$DCS$()  57<S( �!8�$08�$'&3� %�$08�:Y<Y53H��F 57<S( &($B !1J8*��U
13&(I353H $08�:%<=)V&($0 3�)*8�$0,�R )!D�@ $08�:-<=53H��)�8*H $("9I3�+"@85( 1JH 13<Y�!8*�!H )�)*8�$DC )*8�$(&(& H��+<=13$("%)�H�� ?
&'$(1 R &0� +9<Y�!H��+&(.OR �� 57<Y�+)&0�+)�)>� 	O !$0�+" 8!D���:9� ( 1JH 13<Y�!8*�!H�)��!8�,/53H�)*8�$DC3%�13)  :%57)*�+"
8*5 R ��8�: 1J8FR@.U��:%13< ( $("9� +�)*�!�`/ E+[ 1 , 53H�538�:%�!H�13&08*�!H " 1J8�$'&3�+)!D

S]�� " ��a �������PX�ac�Z��� �
� acV�� � 	?� �"�<� 	c� � ����!eac�����
4V�!,/53H��I%��  !13"�)*8�1JH�8 13" . 5�( 8�$(<=$'J+1J8�$057"�+�%V�4: 1�&3� 8*5M7 H )*8ZU%�� !$BU9�D%�:%1J8 $() 8�:9�
I35713&�53, 5�(%8�$(<=$BJ+1J8�$057" 13""U %�:%1J8 1JH�� 8�:9� ( 1JH 13<Y�!8*�!H ) 8�: 1J8  !13"�R �  : 13"9I3��U D
�
" 8�:%$()  !13)*�S8�:9�4I35713&N%�576%&PU R �4<=53H��-H 5�R 6%)*8 )*57"957&(6 <=$("9�+)! �+"L �3DW��:%$') $08�)��+&0,
$')AU%$ 	  !6 &08�8*5+U9�!8*�!H <=$("%�=)�$("" � %V�  !13" 57" &0. 6 )*�=$("9,/53H <=1J8�$057" 1 R 57698�8�:%�=8�$(<Y�
U%� ( �+"LU9�+"" �453,�8�:9� R 6"R"R &0�-H 1�U%$(6%) )*53%V�S"9�!��UQ)*57<Y�U136@>9$(&($'1JH�. &21JH $(1 R &0�48�:%1J8
U%� ( �+"LU%)�<=57"9538*57"%$B !13&(&(.=57" 8�:9��H�5�R 6%)�8�"9�+)�)V53,Z�9	 D%��6%$08�1 R &(� &J1JH $(1 R &0�+)  576%&PUOR �
�3D I9D 8*�+<S( �!H 1J8�69H���1J8 8�:%��8�$(<Y�>53,� 57&(&(1 ( )���(/, 53H 8�: $()�%��� 576%&BUY6%)*��)�57<Y����%#6%1J8�$057"
H �+&(1J8�$("9I ( H��+)�)�69H � 13""U &357&'6%<Y� 8*548*�+<S( �!H 1J8�69H �6*,+ 8�:9� H 1J8�$05��	� *�
 ���	�  � 53H8�:9�H 1J8�$05 �	�  � �����>(��#��  � +e%�:9�+" �2��� � B�DGF ' * DZ��57"9�53, 8�:9�+)*�I !13"OR ��6 )*��U 8*5 U%$ ?
H �� 8�&0. U9�!8*�!H <=$'"9��8�:9��13<Y576%"@8�53, $'"" H��+13)*�$("=8�:9��$("@8*�+"%)�$08B. 53, ��	 6%"%&0�+)�)�%��� !13"
U%�!8*�!H <=$("9��8�:9� �?>�1� 8�H �+&(1J8�$057" R �!8�%V�!�+"S8�:9�+< 13""U 8�:9��H 5�R 6%)*8�"9�+) )�53,Z��	�D"T�56%>?
� &3�!HG+#8�:%��H���%#6%$0H��+<=�+" 8 53,�<Y57"9538*57"%$B !$(8 .=$()��+"95769I7:-8*5 13)�) 69H���8�: 1J8�5�(%8�$'<=$'J+1J8�$057"
I7$B&3�+)Y8�:9�U)�13<Y� ( 57$("@8Y$(" ( 1JH 13<Y�!8*�!H )!( 1� �U13)=$08	%V576%&BUQ%�$08�: 5�(%8�$'<=$'J+$("9IW8�:9�
$'" 8*�+"%) $08 . 53H H 5�R 6%)*8�"9�+) )�53,���	 D <%57&(&05G%�$("9IU8�:9�-�?>�13< ( &0�=53,��+1JH &($(�!H )*8�6"U%$(�+)D/ F<1Z+
�	��� D %V13)  :957)*�+"W13)�8�:9��$'""U%$B !1J8*53H>53, 8�:9��<Y57)�8F&#$(57&0�+" 8F 57&'&(1 ( )*� +%13""U 8�:#6%)B+953,
8�:%��<Y57)*8�$("@8*�+"%)*� �9	 D

��:9� ( 1JH 13<=�!8*�!H�))( 1� � $')�8�:9�A(%H��+) )�69H��,/6 "" 8�$057"S$08�)*�+&(,BD <953H1 H��+13&($()�8�$B �(%H��+)
?
) 69H���, 6%"" 8�$057"�%��� !13"-)�1J,/�+&0.=13)�) 6%<Y��8�:%1J8�8�:9��, 6%"" 8�$(57"=$() R 538�:O 57" 8�$("#69576%)�13""U
H �+13)*57"%1 R &0.&%V�+&(& ? R �+:%1�&3��U D ��5�H���U 6" ��8�:9��13<=576%" 8�53,�( 1JH 13<Y�!8*�!H )�8*5 1�< 13"%1JI3� ?
1 R &0��"@6%<ZR �!H %��A !13"O�?>0( 13""U 8�:9��, 6%"" 8�$057" 13)�1Y) 6%< $("S)*57<Y��) 6%$08�1 R &0.O%@6%$P � �&0.
 57"_&3�!H�I7$("%I R 13)�$')B+ 8�1J �$("9IU57"%&(. 1.7 "%$08*�="#6%<KR �!H�53,�8*�!H < )!D �
" 8�:%$() ))( �� !$(13&Z13)
?
) $0I7"%<Y�+"@8>8�:9� R 13)�$') %V13)  :957)*�+"O8*5 R ��1 7 "%$(8*�I<%5769H $0�!H�) $("9��)*�!H $0�+)

 +* (.' * ��� ���� L  � )�$(" ( D"! '��$# � * R ( L3Gc*

��:%$()I :957$P � :%13)�8�:9� U%$')*8�$("" 8�1�U &J13" 8�1JI3�-8�:%1J8�8�:9� U%$()  H��!8*� <95769H $(�!H�8*H 13"%)*,/53H <
53, 8�:9� (%H��+) )�69H��W,/6%"L 8�$057"� !13" R �+&3�!H�. �+13)�$(&(.  !13&B !6%&(1J8*��U ,/H�57< 8�:9� (%H �+)�)�69H��

G



 5#� 	  !$0�+"@8�)  � 13""U ( : 13)*�+) # � D4��&')*5P+�8�:9�D7%H )*8�8*�!H <.+�)�$'"�( ! ' *,+ $()��?>91� 8�&0. 8�:9�
( H��+)�)�69H �O, 6%"" 8�$057" 6%)*��U $(" ( �!H :%1 ( ) F3F * 53, ��	 �?>@( �!H $(<Y�+"@8�)B+�13""U 8�:#6%)48�:9�
5�( 8�$(<=$'J!��U H��+) 6%&08�)  !13" R ���+13)�$'&0.O 57<S( 1JH���UU8*5=H �+13&($08 .3D

���?>�8B+Z1U)�6%$08�1 R &0�=13&0I353H $08�: < "9�!��U%) 8*5 R �  :957)��+" DS����%#6%$0H��+<Y�+"@8�)�1JH��-8�:%1J8
8�:%�413&0I353H $08�:%< $()A(%H �!, �!H 1 R &0. %@6%$P � R 6%8 <Y53H�� $(<S( 53H�8�13"@8�&0. + 8�:%1J8Y$08 $') 1 R &(� 8*5
�?>@( &053H �413&(&V8�:9� ( 57)�)�$BR &0� &05@ !13&�<=$("%$'<=1U$(" ( 1JH 13<=�!8*�!H=))( 1� � � 	  !$0�+"@8�&0.3D XZ�!H�.
&'$08*8�&0��$()� #"%5G%�"41 R 57698�8�:9�)�:%1 ( ��53, 8�:%��5�R�;*�� 8�$'&3�,/6%"L 8�$057" R �!,/53H��+:%13""U +#)*5 $(8�$()
U $ 	  !6%&08�8*54<=1J 3�Y1-I769�+)�)�1 R 57698�1-H��+13)*57" 1 R &0� )*8�1JH�8�$("9IO( 57$(" 8�53H�8�:9� ) :%1 ( � 53H
( 57)�$(8�$057"Y53,�13"@.=&05@ !13& <=$'"%$(<=1�D-<953H�8�:%$() H �+13)*57" +913""U=H �+&0.#$'"9I�57"-8�:9���?>@( �!H $0�+"" �
53, 538�:9�!H�H��+)*�+1JH  :9�!H )>/ F"1Z+98�:9� 13&0I353H $(8�:%< 13<Y� R )�1M/ E+[<1�%�13)  :%57)*�+"U,/53H�8�:9��8�13)* D

��<Y� R )�1�$() �+)�)*�+"@8�$(13&(&0.�1�:9�+6%H $()*8�$B Z13&(I353H $08�:%< R 13)*��U�57" )�$(< 6%&(1J8*��U 13" "9�+13&($("9I9D
��8 )*8�1JH�8�) R#. H 13""U957< &0.QI769�+)�)�$'"9I 
 � E )�8�1JH�8�$("9I ( 57$(" 8�) +�53H &3�!H�8�$B �+)S$(" 8�:9�
) $(<S( &0�?>�+�%�:9�!H�� 
 $()8�:9�="#6%<ZR �!H�53, ( 1JH 13<Y�!8*�!H )�8*5 R � 5�(%8�$(< $'J!��U D�X 13&(69�+)�53,
8�:%��5�R�;*�� 8�$'&3� , 6%"" 8�$057"O1JH��Z !13&B !6 &(1J8*��UU,/53H��+1� : &3�!H�8*�?> D>��:9�A&3�!H 8�$B �+)�1JH�� 8�:9�+"
1 (L(%H�5�>9$(<=1J8*�+&(. H 13""U%57<=&0. <Y5�&3��U $(" 8�:9� ( 1JH 13<Y�!8*�!HO))( 1� � +;%�$(8�:%$(" 1�H��!I7$057"
H �+&(1J8�$'&3�S8*5 8�:9�  !6%H�H��+"@8Y8*�+<S( �!H 1J8�69H��S13""UQ8�:%�S�+"9�!H�I3. +V53H=5�R�;*�� 8�$'&3�U, 6%"" 8�$057"
&J13&(69� +V53,�8�:9�O"%�+1JH!R@. ( 57$("@8�)!D ��5  3�!� ( 8�:9� ( 5G%V�!H ( � �  � � � * 53,�8�:9� (%H �+)�)�69H��
, 6%"" 8�$(57"  57"%)*8�13"@8B+3�+1� :  � $() "953H <=13&($'J!��UIR#.  �"g�� ��%� L �  � � � 1J,/8*�!H�� &3�!H .H 13""U957<)�8*� ( D

��5S<=1J 3�Y1  57"%"9�� 8�$057" %�$(8�:O8�:9�!H <Y50U%.#"%13< $B !)B+ 8�:9� ) $(<S( &0�?>U�?>@( 13""U )�8*5S1
) $'J!� 8�:%1J8  !13"/R �-H��+1� :9��U 1J8 8�:9�O !69H H��+" 8 8*�+<S( �!H 1J8�69H�� + 13""U 8�:9�+" �?>��� !698*�+) 1
)�8*50 :%13)*8�$B "+>8�6%<ZR &($'"9I04VH�5G%�" $(13" <Y538�$057" %�$08�:%$'"�8�:%1J8 H��!I7$(57" +>)�13<S( &($'"9I "9�B% +
1 (L(%H�5�>9$(<=1J8*�+&(.UH 13""U957<:+�( 57$("@8�)�13)�$(8�U95#�+)�)*59D��B,�8�:9� 8*�+< ( �!H 1J8�69H�� $()�H ��U%6" ��U
) &05G%�&(. �+"9576%I7: +>$08 R �� 57<Y�+) : $0I7:%&0.�&($0 3�+&0. 8�:%1J8 8�:%�W)�$(< ( &0�?>'%�$(&(&>)�:9H $("9 $'" 8*5
8�:%�SH��!I7$057"  57"@8�13$("%$("9I 8�:%�U&05G%V�+)*8YH��+&(1J8�$B&3�U<=$("%$(< 6%<SD ��:%$() $() �?>91� 8�&0.Q%�:%1J8
: 1 ("( �+"%)�%�:%�+" &'$B%@6 $BU%) ,/H��!� J!�>13""U  H�.�)*8�13&(&($'J!��53HZ<Y�!8�13&()Z)�&056%�&0.A 5#57&�13""U 13"%"9�+13& +
13"LU.%�:%1J8>I7$'&3�+)�8�:9��"%13<Y� )�$(< 6%&(1J8*��US13"%"9�+13&'$("9I , 53H�8�:9� <Y�!8�:95@U D

��:9�  H 6" !$(13& ( 57$("@8 $() $(" U9�!8*�!H < $("%$("9I 8�:9�Q)�6%$08�1 R &0� 13" "9�+13&($("9I )! :%��U%6%&0� +
$ D �3DV:956% &057"9I "%�B% ( 57$("@8�)41JH�� ) 13<S( &0��U $(" 1  �!H�8�13$'" 8*�+< ( �!H 1J8�69H��W13"LU :%5G%
< 6" : 8*�+<S( �!H 1J8�69H��=$')�H���U%6" ��U �+1� : 8�$(<=�3D ���+)*8�1JH�8�)B+�%�:9�!H��Y57"%�S&3�!H�8*�?> $()�H�� ?
( &(1� ��U R#.Q8�:9� R �+)*8O( 57$(" 8 �+"" 576%"@8*�!H���U )*5 , 1JH +F !13" 13&()*5 : 1�&3� &3�!H�. ( 57)�$08�$'&3�
�?C �� 8 U9� ( �+""U $("9I 57"U8�:9� (%H�5�R &(�+<.+#13&(8�:95769I7:S)*57<Y�!8�$'<Y�+)>8�:9���?C �� 8  !13"U13&()�5 R �
) &($0I7:@8�&0. "9�!I71J8�$'&3�3DW��:9� ,/57&(&056%�$("9IU,/5769H )! :9��U 6%&0�+)K/ E+[<1V:%1�&3� R �!�+" $("" !&(6LU9��U $("
8�:%��5�(%8�$(<=$'J+1J8�$(57" (%H�53I3H 13< �

� ����U%6L ��� 8*5C(
E ? �_*���1J, 8*�!H>� &3�!H .-< <Y5�&3�+)B+ %�:9�!H � � � � $')5U9�!8*�!H <=$("9��U R#.
�?>0( �!H $'<Y�+" 8!D

� 4�6"U9I3�!8 1O8*538�13&�53,�� <Y5�&3�+)B+ 13""U H ��U%6" ��� 1J, 8*�!H � &3�!H�.&� <=5�&3�+) 8*5W1
&213&'69��� �����c(
E�� � �	�3*�
�+ %�:9�!H�� �U$()>8�:9�K !6 < 6%&'1J8�$'&3� "#6%<KR �!H>53,Z<Y5�&3�+)
8�:@6 ) , 1JH +Z13""U � $() 1  57"%)*8�13"@8B+�)�1 . E"+�Le+Z53H =9D ��:%� 5�(%8�$(< 13& &J13&(69� ,/53H
�/U%� ( �+"LU%)�57" 8�:%��)�8�1J8�$()*8�$B !13&�U%$')*8*H $'R 6%8�$057"=53,�H��+&(1J8�$'&3��<=$(" $(<=1�53,-&J1JH $0576%)
U9� (%8�:%)+D�	�1JH I3�!H-&J13&(69�+)�53, �S))( �+""U <Y53H��V$08*�!H 1J8�$057"%) 1J8 &05G%V�!H 8*�+<S( �!H 1J8�69H��3D

� ��,/8*�!H�� &3�!H . � <Y5�&3�+)B+ )*�!8�� 8*5�� 8�$(<=�+) E L � E�,+ %�:9�!H���� $()�13""UU�?>0( �!H*?

F



$(<Y�+"@8�13&(&0. U%�!8*�!H <=$("9��U  57"%)�8�13" 8�53,�53H U9�!H=E"+ E L $()�8�:9�Y)�< 13&(&0�+)*8�, 6%"" 8�$057"
&213&'69�  !69H�H��+"@8�&0. H � (%H��+)*�+"@8*��U $("�8�:9�U) $(<S( &0�?>�+ 13""U$E� $() 8�:9� R �+)*8 , 6%"" ?
8�$057" � &3�!H �+"" 576%"@8*�!H���U D T�5G%V� &3�!H + "%� &3�!H H���U%6L � � R@. <Y53H��Y8�:%13" )*57<Y�
, H 1� 8�$057"�H 1J8�1Y8�$(<Y�3D

��:9��<Y57)*8- 57<=<Y57"%&(.�6 )*��U )! :9��U%6%&(��$("�8�:%$') ))( �� !$(13& 13) )�$0I7"%<Y�+"@8�:%13)9R �!�+" )! :9��U�?
6 &0��E"+JH���U%6" !$("%I>8�:9��8*�+<S( �!H 1J8�6%H�� R#.�1  57"%)*8�13"@8�,/H 1� 8�$057"�+J13&(8�:95769I7:�538�:%�!H�)! :9��U�?
6 &0�+)>)*�!�+< 8*5 I7$'&3� )�$(< $(&(1JH�H��+)�6%&(8�)!D

� � � 
��
 ��


��:9�5 57<S( 698�1J8�$057"%) $(" 8�:%$() ))( �� !$(13&#13)�)�$0I7"%<=�+" 85%��!H �5( �!H�,/53H <Y��U>%�$08�: 1�( H�53I3H 13<
8�13$'&053H���U�,/53H�8�:9� ;*5�R�+����%���9��2 ��DZ��<Y53H�� U9�!8�13$'&0��U U9�+)! H $B(%8�$057"�53,#8�:9� (%H�53I3H 13< 53H�1
	 6 )*�!H�E ) <=13"#6%13&�
 $()Z)�6 ("( &($0��U 13)�1�)�� ( 1JH 1J8*��1 ("( �+""U $D>�+3$("L !&(6"U%$("%I13&()�5�&($()*8�$("%I7)�53,
8�:%�)*576%H  �  50U9��53H�H��!,/�!H��+"" �+)�8*5 8�:9��1 ("(%H�5�( H $(1J8*��( 1JI3�+)�53, ,�- . �1032�465�7 9 �6412<; �>=
2�� @ D

�]�� �<���<� 	 ac����[ X�� X 	� � a 	cX 	 Y�� 	c� �"�"� 	c� � ���$!eac�Z���
��:9�V��?$# ��%#6%1J8�$057"	%�13)�7%H )*8 )*57&'&3��UY"#6%<Y�!H $P !13&(&0.�6%)�$("%I1�)�$(< ( &0��) $("9��%�1�&3� (%H��+)
?
) 69H��,/6%"L 8�$057" 13""U ( 1JH 13<Y�!8*�!H )>&'$()*8*��U $("4��1 R &(� E"+%)��!�I< $0I9D�L#D5T�1�&#$("%I 5�R 8�13$("9��U
R 538�: %@6 13&($08�1J8�$'&3�+&0.S13""U %#6%13" 8�$(8�1J8�$'&3�+&0.UH��+13)�57"%1 R &0� H��+)�6%&08�) + 8�:9� (%H��+)�) 69H���, 6%"" ?
8�$(57"U��U%$08*53H=%�13)�"9�?>�8�8*�+)�8*��UM%�$08�:O)!%#6%1JH�� 13""UU8*H $(13"9I7&0� %�1�&3�!, 6%"" 8�$(57"%)I H��+1J8*��U
R#. NW1J8�&(1 R�+V)*�!� < $0I9D A 13""U < $0I9D�Ce+�13)	%V�+&(&>13)	%�$08�:�)*57<=�4538�:%�!H=,/6 "" 8�$057"%)!D
��:9��NW1J8�&(1 RS, 6%"" 8�$057" )$%V�!H��;7%H )�8 <9576%H $0�!H�8*H 13"%)*,/53H <Y��UI%�$(8�: NW1J8�&(1 R E ) U $()! H��!8*�
<%5769H $0�!H�8*H 13"%)*,/53H < ( RI< � *�13""U=8B._( ��U4$("Y8�:9����U%$08*53H+DZ��:%����U%$08*53H  !13&B !6%&(1J8*��U 8�:9�
LJK3K2? 8*�!H < <95769H $(�!HV)�$'"9��)*�!H $0�+)�6 )�$("9I ��%@6%1J8�$(57" L3[#D ��:9��%#6%13&($(8�1J8�$'&3��H �+)�6%&08�)�)*�!�+<
8*5 &3�!H $0,/.-8�:%1J8�8�:9� (%H��+)�) 69H���,/6 "" 8�$057" ��U%$08*53HE%�53H� �)F( H�5�( �!H &0.3D

�]TS �]��� �$��� �
��ac�������PX�ac�Z��� a"X ���]�
��:9�U5�(%8�$(< $'J+1J8�$057" 13&0I353H $08�:%< %�13)`7%H )*8=6%)���U 8*5 H � (%H�5@U%6" �SH��+)�6 &08�) $(" �+1JH &($0�!H
1JH 8�$B !&0�+)M/ F61, 53HOR $(<Y5@U%13& U9H $'&#$'"9I �U��:9�O��?$# ��%@6%1J8�$(57"%) U%$'C �!H $'" )*57<Y�+( 1JH�8�)B+
�3D I9D &($B%#6%$BU  57< (%H��+)�)�$BR $(&($08B.=$()>"9�!I7&0�� 8*��UO$(" 8�:9��<Y5@U9�+& 6%)*��US$("48�:%$')>13)�)�$0I7"%<=�+" 8
13"LU )*57<Y� ( 1JH 13<Y�!8*�!H ) 1JH �U)�&($0I7:@8�&0.6U $DC �!H �+" 8!D < $0I9D G 13"LU < $(I9D G )�:956% 8�:9�
I3H 1 ( :%)�U9H 1 %�"W,/53H�8�:9� 5�(%8�$(<=$'J!��U+R $(<=50U%13&�U9H $'&�$("9I-13""U 8�:9�Z( H��+)�)�69H � , 6%"" 8�$057"
,/H�57< &($08*�!H 1J8�69H � + H��+))( �� 8�$'&3�+&(. +@13""UD%�$08�:Y8�:9�)�13<Y�)*�!8�53,�( 1JH 13<Y�!8*�!H );( ��1 R &(� EG* D
< $0I9DV[ )�:95G%�)>8�:9� )�13<=��I3H 1 ( :%)�)�6 ( �!H $(<S( 57)*��U , 53H��+13)*.  57<S( 1JH $')*57" D

�]�� � �Z[�V�� 	)� ����� �.�
��� 	?� ������[
< $(" 13&(&0. +98�:9� 5�(%8�$(<=$'J+$'"9I  50U%� %V13)6%)*��UO8*5O !13&B !6 &(1J8*� :%$(I7:9�!H�53H U9�!H )�53, U9H $B&#$("%I9D
< $0I76%H��+)�F-13"LUQE!K4) :95G% G ? <Y5@U9�Y13""U�E+C ? <Y5@U9� U9H $B&#$("%I9D�  57<S( 1JH $()�57"W53,�8�:9�
H �+)�6%&08�);%�$(8�:W8�:%�  53H�H��+))( 57""U%$'"9IO( H��+)�)�69H � , 6%"" 8�$057"  !13" R �Y)*�!�+" $(" < $0I9D =9DY�B8
) :9576%&BUSR ��"%538*��U 8�:%1J8  57"_&3�!H�I3�+"" ��$("=8�:%� (%H��+) )�69H���, 6%"" 8�$(57"�%�$08�:=8�:9�+)*��:%$0I7:9�!H

E!K



0 1 2 3 4 5 6 7 8

x 10
−5

0

1

2

3

4

5

6
x 10

−5 Single mode driving

time [s]

B
ub

bl
e 

ra
di

us
 R

 [m
]

< $(I769H�� L � ��(.' *  !69H!&3� 5�R%8�13$("9��US6%) $("9I 8�:9�K !&(13) )�$B !13& )�$("%I7&0��<Y50U%�AU9H $'&�$("9I9D

<=50U9�+) %�13)�H��+&'1J8�$'&3�+&0..%V�+1J R �� !136%)*� 8�:9�Z 5@U9� $()�"�E 8��+)!( �� !$'13&(&0. � 	  !$0�+"@8�1J88�:9�
<=57<Y�+" 8!D��))�6" : + 8�:9� "#6%<ZR �!H�53,�$08*�!H 1J8�$(57"%)�1J8�+1� : 8*�+<S( �!H 1J8�6%H�� :%1�UO8*5OR �
&'$(<=$08*��U 8*541 %#6%$08*��)�<=13&'&�&213&'69�`( 1JH�576%"LUWL 
3*,+ %�:%$P :U$()�I3�+"9�!H 13&(&0. 8*5#5-)�< 13&(& 8*5
5�R 8�13$(" I35#50U  57"_&3�!H�I3�+"" �-8*5U8�:9�=5�( 8�$(< 6 < &213&(6%�3D=��� &3�!H�8�:%�+&0�+)�)B+ �+1� : :%$0I7:9�!H
<=50U9�=) :95G%V��U H��+)�6 &08�)�)�6 ( �!H $053H�8*5S8�:9� (%H�� &�$0576%)�<Y5@U9�+)!D=� 1 R &0�=LS)�6%< <=1JH $'J!�+)
8�:%��H��+)�6%&08�)�, 53H U $DC �!H �+" 8�<Y5@U9�+)�53, U9H $B&#$("%I9D

� .0^$2L�-4\��� 2L4[�9.0:

 �� E1RH= G�E g7E!K 3 <)(2) P �0( �!��U 53,Z)*576%""US$(" 8�:%��&($B%#6%$BU
� � E1R K3K3K>g7E!K 3  #I�(2< 3 � T�� R�+"%)�$08B.453, 8�:9� &'$B%@6 $BU! � E1RMC3C3A�g7E!K h @ <9H���%#69�+"" . 53, 13<KR $(�+" 8F( H��+)�)�69H ��$'" H 1�U%)B+ L3C#DMA= 0T�J gML��
 +* � E1RM[3AJK>g7E!K hA# 1 ��# � NO11>9$(< 6%< &J13&(69��53, 13<KR $0�+" 8 (%H��+)�)�6%H�� + EJDM[3ASR 1JH
 ��� E1R K3K3K>g7E!K h # 1 #�K � >�8*�!H "%13&�( H��+)�)�69H � + EAR 1JH
07�T[�R K3K3K>g7E!Ked �  #I�(2) � � - ��69H�, 1� ��8*�+"%)�$(57"S53,�8�:%� &($B%#6%$BU
� � � = RMAJK3K>g7E!Ked���< ��K �	%#6%$(&($BR%H $(6%< H 1�U%$(6%)�53, 8�:9�AR 6 R"R &0�
� �TA�R(E�GJA�g7E!K d�� < � X 13" U9�!HE@ 13&()�:%1JH U  53H�� + L#DM[ (JLJK#g ���
HW� E1RH=7K3K3K -�N ��1J8�$05 53, ))( �� !$O7� :%�+1J8�)�,/53H�1 U%$(1J8*57< $B �I713)
:I�T[�R K3K�g E!K d 3  @I�(2< ) ����� X$')! 57)�$08B.-53, 8�:9��I713)

� 1 R &0�=E���X 13&'69�+)�6%)*��UU, 53H�8�:%���?>0( �!H $(<=�+" 8�13&�( 1JH 13<Y�!8*�!H )!D

E3E



0 1 2 3 4 5 6 7 8

x 10
−5

0

5

10

15

20

time [s]

R
/R

0

0 1 2 3 4 5 6 7 8

x 10
−5

−2

−1.5

−1

−0.5

0

0.5

1

1.5

2

P
a [b

ar
]

< $0I76%H���[ �]4V$'<Y50U 13& U9H $'&�$("9I5�(%8�$(<=$BJ!��UY6%)�$("9I �#57"%50U%$'C)( )*57&($PUH*�13""U %�$08�: ( 1JH 13< ?
�!8*�!H )�,/H�57< &($08*�!H 1J8�69H���([U%13)�:9��U�*;/ F<1� 57<S( 1JH ��U D

� � �
	 	 � ���

��:%$() ))( �� !$(13&@13)�)�$0I7" <Y�+" 8�, 5@ !6%)*��U 57" 8�:%��"#6%<Y�!H $B !13&@<Y5@U9�+&($("9I�13"LU 5�(%8�$'<=$'J+1J8�$057"
53,Z8�:%� ��1 .#&0�+$(I7:�?$#�&0�+) )*�!8���%#6%1J8�$057"%)�8�:%1J8�I35�&3�!H " 8�:9�KR �+:%1�&#$(5769H�53,Z1 )*57"%57&(6%<=$ ?
"%�+)! !$("9I 53H�$(" I3�+"%�!H 13& +" !1�&�$08�1J8�$("%I R 6 R"R &0�3D�@ � 7%H )*8�H��B%�H�538*��8�:9� ��?$# ��%#6%1J8�$057"
$'"S8�:9��,/53H < 8�: 1J8�$()>8�:%� <Y57)*8� 57<S( 1J8�$'R &0� %�$08�:U<=57)*8�"#6%<Y�!H $P !13& 13&0I353H $08�: <=)B+%1
)��!8�53,�7%H )*8>53H U9�!H�53H U $("%1JH�. U%$DC �!H��+" 8�$'13& ��%@6 1J8�$057"%)!D����?>�8B+ %V��%�H�538*� 1 ( H�53I3H 13<
8�: 1J8  !13"S$'" 8*�!I3H 1J8*��8�:9��)*�!8�53,N( )*8�$DC *�7%H )*8�53H U9�!H>�>?$# ��%@6%1J8�$(57"%)�6%)�$("9I 13" 1�U%1 (9?
8�$B&3� )�8*� ( )�$'J!�  57" 8*H 57& D ��:9� (%H�53I3H 13< %�13);%�H $(8*8*�+"W8*5 8�1J 3�=13&(&�( 1JH 13<=�!8*�!H )�13""U
8�:%�AU9H $'&�$("9I (%H��+)�) 69H���,/6 "" 8�$057"S13)�$'" ( 698!D

T��+69H $()*8�$B !13&�5�(%8�$'<=$'J+1J8�$057" 13&0I353H $08�:%<=)K%V�!H�� 8�:9�+" 1�ULU9��U 8*5 5�(%8�$'<=$'J!� 8�:9�
R 6 R"R &0� R �+:%1�&#$(5769H�6%) $("9I�1�(%H��+)�) 69H���, 6%"" 8�$(57"��?>@( 13""U9��U 13)�1�<95769H $0�!HZ)�$("9��)��!H $0�+)!D
��:9� (%H�53I3H 13< %�13)�7 H )*8�8*�+)�8*��U�%�$(8�:957698 5�(%8�$'<=$'J+1J8�$057" 13""U 6 )�$("9I�)�$'<S( &0� (%H �+)�)�69H��
, 6%"" 8�$(57"%)!D ���?>�8B+9R $'<Y50U 13&-U%H $'&�$("9ID%�13)�5�( 8�$(<=$'J!��U 13""U 8�:%�YH��+)�6%&08�)  57< ( 1JH���U
8*5-57"9�+)�5�R 8�13$("9��U (%H � &#$0576 )�&0. / F"1 D < $("%13&'&0. +%13&()*5 : $0I7:9�!H�<Y5@U9�+)>53, U9H $'&#$'"9IY6 (U8*5
E+C ? <=50U9��%��!H�� 5�(%8�$(<=$'J!��U D

� � ���	�� � 
�
!���

��:%$()�))( �� !$(13&Z13)�) $0I7"%<Y�+"@8 $()�:95�( ��U 8*5O,/1� !$(&'$08�1J8*�=8�:9�=, 698�69H �=)*57"957&(6%< $("9�+)! �+"" �
( H�52;
�� 8�) 1J8�8�:9� NO1J8*�!H $(13&()A#�: .�)�$B !)�	�1 R 53H 1J8*53H . 1J8�8�:%� T��+&()�$'"9 #$ �"%$'&3�!H ) $08 .U53,
���� : "957&053I3.3D �
"/( H�� &#$(576%)K( H�52;
�� 8�) 1J8 8�:9�S&(1 R 53H 1J8*53H�. %�� :%1�&3�S�+)�8�1 R &($()�:%��U 1
, 6%&(&(.�%V53H� #$'"9IA !&057)*���?>0( �!H $(<=�+" 8�13&%)�57"957&(6%<=$'"9�+)! �+"" ��)*�!8�6"( / E?= + E+AP+ E+C#+ E�G#+ E+G<1 D

E+L



0 1 2 3 4 5 6 7 8

x 10
−5

0

5

10

15

20

time [s]

R
/R

0

0 1 2 3 4 5 6 7 8

x 10
−5

−3

−2

−1

0

1

2

P
a [b

ar
]

< $0I76%H��	= � ���+)�6 &08�)�,/53HZ)�$("9I7&(��<Y5@U9�=([U 13)�:9��UH*�13""U < 6 &08�$(<Y5@U%13&3U9H $'&#$'"9I>(�R $(<=50U%13&
)�57&($BU +��+$0I7:@8�<Y5@U9�AU9538*8*��U + ) $D>#8*�!�+" <Y50U%��)*57&($BUH*�)�:%5G%�"S57"U8�:9� )�13<Y��)  !13&0�3D

�"9538�:9�!H ( 1JH 13&(&0�+&0(%H�52;*�� 8 :%13) 8�:9�!53H �!8�$B !13&(&0. )*8�6"U%$0��U 8�:9�FU%� ( �+"LU9�+"" �V53, 8�:9��NW$0�
)  !1J8*8*�!H $("9IS$("@8*�+"%)�$08B.U57" 8�:9� R 6 R"R &0��H 1�U%$'6%)&/ E+F"1 D��B8�$():95�( ��U 8�:%1J8�8�:9�+)*� 8�:9�!5J?
H �!8�$B !13&��?C 53H�8�) %�$(&(&�R � )*5@57"  57<ZR $("9��UC%�$08�:S�?>@( �!H $(<Y�+"@8�8*5-I7$'&3� 6 )�8�:9� 1 R $(&($08B.
8*5-)*8�6"U9. 13""U  57"@8*H�57& 8�:%��8�$(<Y�AR �+:%1�&#$(5769H>53, 8�:9��H 1�U%$'6%)V53, 1 )*57"957&(6%< $("9�+)! !$("%I
R 6 R"R &0�3D

	�1J8*�!HO�?>@( �!H $(<Y�+"@8�).%�$'&(&�:95�( �!,/6%&'&0. H�� &3�+13& :95G% %V�+&(&�8�:%� 1 ("(%H�5�>�$'<=1J8�$057"%)
< 1�U9�4$'" 8�:9�4, 53H < 6%&'1J8�$057" 53,�8�:9�4��?$# ��%@6 1J8�$057" :%57&BU DO��8 <=$0I7:@8ZR �-6 )*�!,/6 & 8*5
$'"" !&(6"U9��8�:9���?C �� 8�)�53,�7 " $08*��&($P%@6%$PU  57<S(%H��+) )�$'R $(&'$08 . + ) :950  �%�1�&3��,/53H <=1J8�$057"413""U
) :9��U"U%$("%I�!8! JD#8*5 8�:9��<Y5@U9�+&"R 698 8�:%$()�%�$(&(&@R � U9�!8*�!H <=$("9��USR#.Y�?>@( �!H $(<Y�+"@8 13&057"9�3D
	�1J8*�!H��?>0( �!H $(<=�+" 8�13&9(%H�53I3H��+)�) %�$(&'& 13&()*54)�:95G% %�:9�!8�:%�!H�8�:9� 5�(%8�$(< $'J!��U (%H �+)�)�69H��
, 6%"" 8�$(57"%) (%H��+)*�+"@8*��UU:9�!H � %�$(&(&�R ��, �+13) $'R &0��$(" H��+13&'$08 .3D

E+[



��� ���[, ���72 ������ ��.0:��-4P��:

NO50U%� �	�  � / � <	1 ( � ��	� *�
 ��/ <)(2) 1 " � � � + # �
)�$("9I7&0�+<=50U9� K�DMC3F3G ( = L3G E�� E"+ K
R $(<Y5@U%13& K�DMCJK7L)(YG3G3C E�� K�DMG�E?= Le+ ?BL#D(E3E!K
( ��57"950U $DC * L � K�DMA3GJK7Ce+ [#D(E!K7G
R $(<Y5@U%13&]/ F61 K�DMC�E!K (YG�E+L E�� K�D GJG3F1=P+ L#DMFJK = L

L � K�DMC�E+[3Fe+ K�D K3K3K3K
E�� K�D GJ[JK7Le+ EJDMC3L3A
L � K�DMA�E+A3G + ?BL#DML3G3G
[ � K�D(E�GJC3Le+ L#DM[3L3C

�+$0I7: 8�<=50U9� K�DMA3F1=�(YF3GJK = � K�DML3A3A�E"+Y? K�D G�GJLJK
A � K�D(E!K7C3Ae+ [#DML1=_G
C � K�D(E+GJK9E"+ ? K�D K7G�GJC1=
G ��K�D K7A3G�GJAe+ ? EJDMG3F3F
G � K�DML1=7K9E"+Y? K�DM[3L1=_G

) $D>#8*�!�+" <Y50U%� K�DMA3F3L)(SE!K3K3K

� 1 R &0�=L �����+)�6 &08�), 53HAU%$'C �!H��+"@8�<Y5@U9�+)53, U9H $'&#$'"9I 13""U 8�:9�S 53H�H �+))( 57""U%$("9I413< ?
( &($08�6"U9�+)�13""U ( :%13)*�+)!D

�

� ���������	�	� � 


/ E_1 R D <VD -�13$08�13" + 	 D � D P�H 6%<.+ P�D PD P>:@69H  : + 13""U � D � D ��5 . +4 D%�� 576%)*8!D ��50 JD �<SD
	 � + [�E+C3C (
E+F3F3Lc* D

/ L61	4D #�D 4�1JH!R �!H + ��D � D T$(&(&(�!H + � D 	 �53,/)*8*��U%8B+ � D 4 D #�698*8*�!H < 13" + 13""U
�YD ��D�@ �+"%$("%I3�!H +�
3R�B7 " $("9I 8�:%� �"9 �"95G%�" )�53,V��57"957&(6%<=$'"9�+)! �+"" � 
#+������=��
9 � ;�� �
� � + C3A:(
E+F3F3G * D

/ [61 R D2	�57:%)*� + N D #�D 4VH��+"%"%�!H +3��D <VD2R�6 ( 57"@8B+@� D�T$(&0,/I3�+"9,/�+&BU98B+J13""U	4�D 4 57: "%)*8*57" +

 �#57"957&(6 <=$("9�+)! !$'"9I ��$(HI4�6 R"R &0�+)-���� 8�$0,/. ��H I357" 
#+������=�� 9 ������� ��������� � +
E+[3A3FC(
E+F3F3G * D

/ ="1 R D2	�57:%)*�>13""UY� D1T$0,/I3�+"9,/�+&BU98B+ 
J��"9�!H 8�-�13) ��  !6%< 6%&(1J8�$057" $("Y�#57"957&'6%<=$("9�+)  ?
$("9I 4�6 R"R &(�+) 
#+�� �:@! � ."�#��$� =%� �_Q ��+ C3F3G3CC(
E+F3F3G * D

/ A61 ��D0T�$(&'&0�!H +#� D 4 D7#�6%8*8*�!H <=13" +�13""UD4D # D#4V1JH R �!HG+ 
 �0( �� 8*H 6 < 53,��#.�"" :%H�57"9576%)
#�$B 57)��� 57""UW�#57"957&'6%<=$("9�+)  �+"" � 
#+&�����=%� 9 �����'� ������� ] 	 +�E3E+G3LM(
E+F3F3Lc* D

/ C61 ��D �YD=NW1J8�6%&(1#+W� D � D=��5 . + #�D R D-NO5769H 1�U�+:@�D 4D-N+ !�13<=1JH 1T��� �,+ 13""U
�YD � D �96%)�&($B  H+ 
 PV57<S( 1JH $')*57" 53,�NW6%&08�$'R 6"R"R &0� 13""U �9$("9I7&0� ?�4�6 R"R &0� �#57"957&(6�?
<=$("9�+)  �+"" � �0( �� 8*H 1 
#+(�����=�� 9 �%�)�'� �%�����#� X + L3CJK7LC(
E+F3F3Ac* D

E?=



/ GG1 T D � D�P�:9�+"9IP+VN D ?�PD�P>:@6 + # D ��DZ	��+6%"9IP+�13""U�	�D���6 13" + 
�T�5G% $(< ( 53H 8�13" 8
1JH�� )�:95@ � 8%�1�&3�+) 8*5Q)�$("%I7&0� ? R 6 R"R &0�S)*57"957&(6%< $("9�+)! �+"" ��� 
#+���$� =%� 9 ���)���N+
X � + ��L3G2K7AM(
E+F3F3Gc* D

/ G61 	 53H UY��1+.�&0�+$0I7: +�
 ��" 8�:9�F# H��+) )�69H��>R� &3�+&05�( ��U=$(" 1�	�$P%@6%$PU 57" 8�:9��P�57&(&(1 ( )*�
53, 14�0( :9�!H $P !13& P>1�&�$08 . 
#+ ���2�7 ��� 5���� M"; + F1=M(
E+F�E�G * D

/ F61 4 D�T�57&BJ!,/6%) )B+�N DZ� �69I3I3� R �!H�IP+ 1�U%""U���DZNO�!8*8�$(" + 
 4V5#57)*8�$("9I �#57"957&'6%<=$("9�+)*?
 �+"" � 
#+ �����=�� 9 ���)�'� �%����� � � +�E+F3C�E`(
E+F3F3Gc* D

/ E!K<1=� D3T$(&0I3�+"9,/�+&BU98B+3R D 	 57: )*� 
�# H���U $B 8�$057"%) ,/53H���( )! !13&($("%I���57"957&(6%<=$'"9�+)! �+"" � 
#+
�����=%� 9 �����'� ������� ��� +�E!K7[3CM(
E+F3F3Fc* D

/ E3E_1	4D #�D�4V1JH R �!HG+ 
 �#.�"" :9H 57"9576%)I( $B 57)��� 57""U )*57"957&'6%<=$("9�+)  �+"" � 
#+ �� �	� ���  ��

=32�=,+ ��P�	�� (
E+F3F3Lc* D

/ E+L61YNO1J8�&'1 R :9�+&'( D NW1J8�&(1 R E )=$'" 8*�!H " 13&  57<=<=13""U����� %�13)=6%)���U�, 53H U $()! H��!8*�
<95769H $(�!H�8*H 13"%)*,/53H <=)+D

/ E+[61&@�D T D�#�H��+)�)B+ � D � D ���+69 357&()* #. +H@ D ��D XZ�!8*8*�!H &($("9IP+�4D #�D�< &(13"%"9�!H . + 
3��6 <Y�!H*?
$B !13& ���� !$B( �+)�$("OP 
#+ LJ""UO�	U%$08�$(57" +9P>13<KR%H $BU9I3���"%$'&3�!H )�$(8 .O#�H��+)�)�(
E+F3F3Ac* D

/ E?="1 � D � �1JH� �$(&(13:@8�$ + 
 �#57"957&'6%<=$("9�+)  �+"" � 
#+ �0( �� !$(13& �)�)�$(I7"%<Y�+"@8B+ NO1J8*�!H $(13&()
#�:@.#) $B !)>	�1 R 53H 1J8*53H�. +�T��� (
E+F3F3Cc* D

/ E+A61 � D � �1JH� �$(&(13:@8�$ + 
3���+)�8*�!�+"  J1313)�6 ( $(8*57$()�6%6"U%�+"  357" 8*H�57&'&057$(<=$("%�+"T)�6%& ;*�!8�6%)�)�1
)*57"957&(6 <=$("9�+)*�+" )�)�$(&(13$(8*8*�+$()*8*57)�)�1 
#+ �0( �� !$(13&V��) )�$0I7"%<Y�+"@8B+���U &J13"" ��UQ��"9�!H I3.
�#.�)*8*�+<=)B+"T����D

/ E+C61 � D@� �1JH� #$'&(13: 8�$Z+ 
 �9$("9I7&0� ?�4�6 R"R &0���#57"%57&(6%<=$("%�+)! �+"" � 
#+ NW13)*8*�!H�E )���:9�+)�$()B+ NW12?
8*�!H $(13&() #�: .�)�$B !)�	�1 R 53H 1J8*53H�. +LT�� ( LJK3K3K?* D

/ E�GG1 ��D 4 D N �1J �$ + 	 ��6 & ;
�!8�6 "S)*57"957&(6%< $("9�+)*�+"%) )�$(&(13$08*8*�+$')*8*57" H 1J 3�+" 8�13<=$'"9�+" 
#+ �0( � ?
 !$(13& �)�)�$0I7"%<=�+" 8B+ NW1J8*�!H $(13&')F#�:@.#) $B !)>	�1 R 53H 1J8*53H�. +�T��� ( LJK3K3K?* D

/ E+G61YN DV� D�XZ57698�$(&(13$'"9�+" + 	 �#57"957&(6%< $("9�+)*�+"%) )�$(&(13$08*8*�+$')*8*57"/( 1JH 13<Y�!8*H $08�;*1 "%$($BU9�+"
< �1 �1JH $08B.#) 
#+ NO1J8*�!H $(13&()F#�: .�)�$B !)�	�1 R 53H 1J8*53H�. +LT��� ( LJK3K3K?* D

/ E+F61 X D7� D 4V�!H�I7:957&(<.+ 	 NO$0� ? ) $0H�57"@8�1� #6 ( &(13)*8�1 
#+@NW1J8*�!H $(13&() #�: .�)�$B !)Z	�1 R 53H 1J8*53H�. +
T��� ( LJK3K7Lc* D

E+A



0 0.2 0.4 0.6 0.8 1 1.2

x 10
−4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

< $0I76%H���A ����(.' * 13""U ���(.' *  !69H!&3�+)=( )*57&($BU�*�, 53HV)!%@6 1JH��F(%H��+) )�69H���, 6%"" 8�$057"C([U%538*8*��UH* D

0 0.2 0.4 0.6 0.8 1 1.2

x 10
−4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

< $0I76%H�� C � ��(.' *�13""U �� (.' *F !69H!&3�+)>( )�57&($BUH*�,/53H�)�1G%�8*5#538�: (%H �+)�)�69H���, 6%"" 8�$(57" ([U9538
?
8*��U�* D

E+C



0 1 2 3 4 5 6 7 8

x 10
−5

0

5

10

15

20
Optimized bimodal driving / Sonodiff

time [s]

R
/R

0

0 1 2 3 4 5 6 7 8

x 10
−5

−2

−1

0

1

2

P
a [b

ar
]

< $0I76%H��ZG ��4�$(<Y5@U%13&�U9H $B&#$("%I 5�(%8�$(< $'J!��UU6%)�$'"9IY��57"950U $DC D

0 1 2 3 4 5 6 7 8

x 10
−5

0

5

10

15

Optimized bimodal driving / literature

time [s]

R
/R

0

0 1 2 3 4 5 6 7 8

x 10
−5

−2

−1

0

1

2

P
a [b

ar
]

< $0I76%H���G �]4V$'<Y50U 13&"U9H $'&�$("9I�6%)�$'"9II(%H��+)�)�6%H��>,/6 "" 8�$05 ( 1JH 13<=�!8*�!H ) ,/H�57< &'$08*�!H 1J8�69H��
/ F"1 D

E�G



0 1 2 3 4 5 6 7 8

x 10
−5

0

2

4

6

8

10

12

14

16

18

20
Optimized eightmode driving

time [s]

R
/R

0

0 1 2 3 4 5 6 7 8

x 10
−5

−3

−2.5

−2

−1.5

−1

−0.5

0

0.5

1

1.5

2

P
a [b

ar
]

< $0I769H�� F ����$0I7:@8�<Y50U%�AU9H $'&�$("9I9D

0 1 2 3 4 5 6 7 8

x 10
−5

0

10

20
Optimized sixteenmode driving

time [s]

R
/R

0

0 1 2 3 4 5 6 7 8

x 10
−5

0

P
a [b

ar
]

< $0I769H��=E!K �V�9$D>#8*�!�+" <Y50U%�AU9H $'&�$("9I9D

E+G


