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Light-matter coupling utilizes quantum fluctuations of electromagnetic fields 

of the vacuum to shape and control properties of matter excitations and even 

the vacuum ground state itself. This thesis explores new regimes of 

ultrastrong and deep-strong light-matter coupling, presenting record 

coupling strengths and new schemes for controlling the interaction of light 

and matter modes, on strongly sub-wavelength scales and simultaneously 

faster than an oscillation cycle of light. These accomplishments are the result 

of a novel approach of coupling tailor-cut cyclotron resonances of 

two-dimensional electron gases hosted in semiconductor quantum wells to 

subwavelength THz modes of a new generation of plasmonic resonator 

structures.

First, lateral shaping of the quantum wells tailors the spatial overlap of the 

vacuum electric field and the polarization field of the matter excitation. This 

allows us, similar to the selection rules in classical optics, to custom-tailor the 

overlap between multiple matter and cavity modes. The introduction of 

off-resonant, multi-mode coupling offers a new quality of the vacuum 

ground state characterized by polaritons spanning over as much as 6 optical 

octaves, a vacuum population of 1.17 virtual photons and 1.06 virtual 

magnetoplasmon excitations, resulting in an equivalent light-matter coupling 

strength of ΩR/ωc = 3.19. Moreover, we drive an ultrastrongly coupled system 

with strong, coherent THz waveforms competing with the vacuum electro-

magnetic field and observe strong, non-perturbative nonlinearities up to 

eight-wave mixing. These nonlinear polariton correlations beyond the 

normal-mode approximation set the stage for nonlinear optical control of 

deep-strong coupling. Finally, we demonstrate a highly non-adiabatic 

switch-off of deep-strong coupling by selective photodoping of a switching 

element, collapsing the cavity field quasi-instantaneously and decoupling 

light and matter on time scales ten times faster than a cycle of light. In 

combination with the record vacuum photon population, this paves the way 

for the detection of vacuum radiation in a table-top experiment, in similarity 

to Unruh-Hawking radiation from black holes.
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,45bc8
d

efghijkil

6/e,m
.
e,meT =>?nA

op



�����������	
�����������������������

������������ �!"#$��%���#�� &%#$'(�����%##���)%��!#!*��%�!�!+%*!)%���!#,

-'(./(-012(-314(-0
516(-3

57 89:;<

����=/(=
>1=2(=

>?=4(=
>?=6(=

>.@:A��B�C�!��D(.E/(72(74(76(F
G%�����

�� �#B�C�!��+!����H!*I�)$JK%���LM,��*����#��# ���H%K�)�!#�%#-N,�"C���%�

MD(.O(D(P

M .

Q

R
R
R
R
R
R
S

OTUV1WX YZ WX YZ

YZ OT YZ [

?WX ?YZ ?OTUV?WX ?YZ

?YZ [ ?YZ ?OT

\

]
]
]
]
]
]
^

7 89:_<

����X .
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UYUVFRHP[\]̂_ àbc_def̂f]gbgcĥfib_bjkiafĉhglbfb_emn ê̂ jc_ofib_bj
fl]obcghi_̀ efa]_̀flpqrstuv[wiafĉhglbfb_gbgcĥfib_xiflpqrstyz{|hc]}
_̂dpqrsty~{a]d}uQ�F[�ì_]ajc_ofib_a]ga]e]_f̂fib_jbafl]glbfb_ioef̂f]jba
Q[pqrsty�[N[pqrstyẑ _dF[pqrsty~u�d̂gf]djab��\ba��̂�u

�̂ ceeî_jc_ofib_u�bâ obcgh]de�ef]�{�ìu�u�N�F}[fl]�ì_]ajc_ofib_ie

ob�ga]ee]di_b_]dia]ofib_[diegĥ�i_̀ efab_̀ e�c]]�i_̀ bjfl]k̂occ� àbc_def̂f]u

�l]ê�]ôhocĥfib_eô_|]�̂ d]jbafl]�̂ ff]aĝafbjfl]obcgh]de�ef]�[

ôli]ki_̀ id]_fiôha]echfe[̂ehb_̀ ê̂ |beb_ioe�ef]�ieob_eid]a]du�lie]�bfio

àbc_def̂f]xiflifekiafĉhgbgcĥfib_eiêffl]oba]bjfl]�̂ _�̂ oli]k]�]_fe

_̂d ĝghiôfib_ebj��� _̂d���u�l]a]jba][i_fl]e]a]̀i�]efl]_c�|]abjkiafĉh

]�oif̂fib_ei_fl]̀abc_def̂f]gabkid]ê �ba]ecif̂|h]�]̂eca]jbaol̂âof]aiei_̀

fl]efa]_̀flbjfl]obcghi_̀[ob�ĝa]dfbfl]f�giôhh�ce]d_ba�̂ hi�]dobcghi_̀

efa]_̀flu�bjcafl]âdk̂_o]fl]�]hdbj��� _̂d���[ifieoaifiôhfbi_oa]̂e]fl]

kiafĉh]�oif̂fib__c�|]aefb]_l̂_o]fl]ia]�]ofeu�_ol̂gf]a�[x]xihh]�ghba]
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- !")���1�)�NOP(')-�-%�&��-'��%+�) !����!�!�!) !�����-(�!-��2�'�-�&()�-

 !%+�NOP��" &�.Q�������%+�%��!-& %%��NOP*�,�2��&* %+�)��%����(% �-�&�

() !"RQ'ST#U�+SV#W� SSX#*+ �+�))�*-'-%�%����%+��)��%� �Y�)�(��Y)�Z[\]�2

%+�NOP(')-�-* %+-'��1�)�(��� - �!�!��$%���%%+�-(��%��)�&() %'���!�(+�-�

, ��̂ �'� ��%��!-2��&._)��%����(% �-�&() !"�)-��!��)�-'-%�&��-'��-'��1�)�

��-�),��% &��1!�& �-*+�!�$� % !"%+�-�&()�-* %+-%��!"NOPY�)�-���(% ��)

('&( !".̀ %%+�-�&�% &�#*���!���)%+�-�&()�%���1�"�! �%�&(���%'��-�!�

�(()1�!�$%��!�)&�"!�% �Y�)�� �-* %+��'-%�&&�"!�%���1�-%�%.N+�-�+�&�% �

)�1�'%�2%+�-�%'( -��%� )�� !  ̂"'��L.T.

Q�-%��%* %+2�&%�-���!�!���� !2�����(')-�-a��!%��*�,�)�!"%+#bcd!&#(')-�

�!��"1#T.T&e#(')-��'��% �!#ff2-g2��&�% %�! '&�-�((+ ��aN hi�g�&() Y��)�-��

�(���% !"�%���(�% % �!��%��2f�OP.N+�(')-�-���-() %�1����&-() %%��ajikg

 !%�%*����!�+�-#*+���%+�Y�-%� %+���� ,�-�!�(% ��)(���&�%� ��&() Y��alm̀ g

���% )%��(')-�2��!%aNm̂ gNOP-�'���Ri%�cf#j� kdX.
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Y�)�#Z[\]. �̂��)��%����(% �-�&() !"#%+�"�%����& --�!%����--���)�1) !�
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@ABCDEFGHIJKLDMNMOLFPQRSTUMBVELWTOXEYLDWOYWXZOELCXG[\]̂ _̀âbc̀_
_̀de]bfab\gd̀̀ ah̀ àia\jeĥfà]klml

e]ndâcopkqlrstd̀us̀gacnvah̀ f\ĉ]bŵab\gdâà\jah̀ x̂àfscd̀dbd̂ ĝcnd̀_tn

^yz{|fĉàv̂ }\cĉda\gf]bd~o}�qv̂g_a�\t̂ĉgè_fh\a\_b\_̀do��ql�h̀

d̂~fc̀orqbd�̀fâ â à~f̀]̂as]̀\j����bg^~̂ xg̀a\|e]n\dâao�pq�bah

^ĉ]x̀ gs~̀]bêĉf̀]as]̀v�bah~̂ xg̀abetb̂d�̀c_do�q\jsfa\�l�� f̂fcb̀_

f̀]f̀g_besĉ]cna\ah̀ d̂~fc̀ds]ĵèl�h̀ ��wfscd̀d̂ ]̀j\esd̀_ah]\sxhah̀

d̂~fc̀t̀j\]̀ah̀ a]̂gd~baà_�̂�̀j\]~d̂ ]̀ ]̀|e\ccb~̂ à_ ĝ_j\esd̀_\ga\ah̀

_̀àea\]e]ndâcsdbgx\�|̂ibdf̂]̂t\cbe~b]]\]dl�h̀ ~̀ d̂s]̀~̀ gad̂]̀]̀j̀]̀gè_a\

~̂̀ d̂s]̀~̀ ga�bah\sâ d̂~fc̀bgah̀ e]n\dâaa\\tâbgah̀ a]̂gd~bddb\gdf̀ea]̂l

�h̀ �]dat]̂geh\jah̀ �b�r̂ ĉd̀]fscd̀dbdsd̀_a\_]b�̀��wx̀g̀]̂ab\gtn\fabêc

]̀eab�êab\gbgcbahbs~gb\t̂àbg âbcà_|fscd̀|j]\gadeh̀~̀ �rà�mv�̂b���l�hbd

d\s]è êgf]\_sè ��wfscd̀d�bahsfa\����e~ f̀ �̂�̀c_da]̀gxah ĝ_bd

bga]\_sè_bga\ah̀ d̀asftn̂ rb|t̀ ~̂dfcbaà]o}kql�h̀d̀hbxh|�̀c_��wfsc̀d̂ ]̀

sd̀_bgeĥfà]ml�d̀e\g__̀ĉncbg̀ o�r�qeĥgx̀dah̀ ab~̀ _̀ĉn�� t̀a�̀ g̀t\ah

��wfscd̀dl�hbd̀if̀]b~̀gâce\g�xs]̂ab\gj\]a�\|_b~̀gdb\ĝc��wdf̀ea]\de\fn

f]\�b_̀dah̀ êf̂tbcbana\db~scâg̀\sdcǹ iebà ĝ_ ì̂~bg̀ ah̀ g\gcbg̀ ]̂]̀df\gd̀

\j~scabfc̀]̀d\ĝgèdvêfbâcbwbgx\gah̀ sca]̂t]\̂_t̂g_j]̀us̀gendf̀ea]s~\j

ah̀ ��wfscd̀dl�~̀eĥgbêceh\ff̀]bg`̂eh��wx̀g̀]̂ab\gt]̂geh g̀̂tc̀dah̀

db~scâg̀\sd]̀e\]_bgx\jt\ahvah̀ cbg̀ ]̂̂g_g\gcbg̀ ]̂]̀df\gd̀\jah̀ d̂~fc̀dl
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��#(!&��)*+,-%.�!"�/� ������ ���0! 1����2#�(����1�2����!� �1341�)�567-

� 2�"� ���#���� � ��/8�19:4;�<:=��#�(��������2�(���2'8���"�� !"�(

"��##��)>6-� 21�"���2.!�����(� �?@� ��������#(�.!����#��2!�������1

A��)�567-%1������/� �����B"!���!� :=�!�/�� ��������'!(!�8��#��1���

 ���0! 1����2#��#%=6C#��'��B#��!�� ��� 2��"��2'����'��(���� 22!D��� �!�(

��� ��!��!� 2���%.!����'"8"(��!������(��!� :

EFGFHIJKLMNLONPQLOROJPLSETPKPJMNLOURQPQVO

WXROMXY ZPKKQ

[�1��%� (8������������8�������\�'�� �'(����"�!�\�2��#0���� /"��#(! /]

��#��"� 2�"�! /̂ �'!�0��"!((����"!�"�!��! ���_6C�� /�.!��`abcdefg��93h%

?� 2��#�(��!�� �8�����.!�� àbcedfi�893%6�(@4h%� 2#(���� !" � �#���!"(�

"�8���(�)̀abcjd-f7��@4h! ����#�!"�(��/!��:=��"�!�\�k[>%�����!(!C��!� 

�1"�((�"�!\��B"!���!� �#��\����'��!/�(8�2\� ��/����%�����\�"���l�'!

1��̂�� "8mn�"�(��.!��
o
p%.����p��#���� ����� ��'���1��"!((�����:=�!�

1�"��� 2���"�((�"�!\���(!20������B"!���!� �!2��("� 2!2����:q���'(8%'���! ���0

��''� 2��� �!�!� �f, �4r%_s4r%=�294h� 2���"8"(���� ���� � "�)>l-�1�

�.�02!�� �!� �(�(�"��� /��)@kt_-f["�9@%7�!9A%i�893%6�(@4%7��@9%7��@;�h

���.�((0����'(!���2�8���������1�"!(!��������"�(! /�1���2!#�(����� �.!�����

 ��'���1�(�"��� �:u ��!�.��v%.�.!((���?� 2��#�(��!�� �:=��81�������

/������2!#�(����� �#���B"!���!� %� 2���!����� � "�1��̂�� "8"� '��� �2

�"�����.!2��� /������/�����##(!"��!� �1� �B��� �(��/ ��!"&�(2:u 1�"�%

��.!(('�2��� ������2! "��#���A%��!��((�.������"�!�\�����!/����"��#(! /

���� /����1��� 2�B"��2#��\!�����"��2�'8�(�����1�"����1�.�:

=�����! �"�((�"�!\�"8"(���� ���� � "�! \�(\! /���'��� �!�( ��'���1"���/�

"���!���%����!"�(���2��!/ �1���#(��1�������! /����.�02!�� �!� �(�(�"��� 

/��)@kt_-!����� �!�(:u ��!�"� ��B�%���!"� 2�"�������������"�����#��\!2�

#��"!����!(��! /"�#�'!(!�!��1�����#! /���� ��/82!�#���!� �1����(�"��� �:,�!/�

"���/�"���!����'!(!�8!�"��"!�(1�����1�����!� �1�"8"(���� ���� � "�:6�.�\��%

! ���2�"! /� �B"���!\� ��'���1"���!���"� (��2����2�"�2��'!(!�8%.�!"�
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/01�2�� ���� �3456-�+#����$�*����%���������*�#��#���������� ���#��*��

�$�� �% ����!!��*�-) �# "������*�7������7�#��$���������**����#�����!���

������%��#����#��$��+#�������&

1� ������3456��6�8�01���!�**�*��8�9:;6�9:<8�!�������&= � ��>

�������#��������%��)�!�����#����>!��������+�����*���*/?@@2>�������*6�8�

��!�������&A����� �����������*)�� ��6�8�������"�� �#(�����"B@����*�

��!��.����8�9:;6�9:<8C6�8�����������#����# ��$��*�"�#�>"���-�����#����D��

���"�#�&,���*����������#�������%��� �01 �����"��*� ���"��������$�� �

��+����������!��*����%*������-"���# ��%�#���������������*�#�*!���������#��

'�E>*����%��� �8�6�8�!������������*� �01�&= ���#�������� ��*�7���

����� �01&=�"��� ���$��#���� ������������"��+����*����%�����01-

)�����������#(�"��������-��% �����#(�*01�&= �01 ���#(��#����*!�

������#��$�������"6�8�)�� �� �#(�����"FGHI&J�%��*��%� �#������%��

����������-� ���������3456��7�#��$���������#������#����#��$�������-��

���%�����#�����##������%!��)���01�#��!���%��#��*KL�%?@M&= �*���%���*

"�!��#������"� ���01� ����*��%������������+�����$�������N������-��#��*��%

�+�����������"*�7���������#��*�#����-���# ��$�� ���+�������!���"#�������

) ���(�����%���##����!��#��������!�������*��*�#��%� �� �#(�����"!������

��*01 ������KO��?P-L��3?M&= �������N�*01 ����#��������*��� ��� ����

���%��)�!�� �%�����"Q��"&4�����.��O��%���*&R����������*�� ��)���-

� �6�8�01�"�������� �#(�����"STHI-��# �������*�*!�!��������"STHI-

#��������%� �'�E>*����%-���%����%�*����%*�������"UVSWXYSGZ[#�\[-���

01&= ����!���"01���� � ���������#���������)������������#���� ����!��

�"#�������"��#������%&,�� ��� �����������)�� ���01 ����]̂ 01�)���!�

���*&

= �01�#��_��� �"���#����������.�����)�>*���������������-.�����N��%� �

���#����%����� �%��)� *���#����&=�"��� ��.�����N�� ���������� �01

�����)���*�#��#�#������������!���������%���+�����������#��%����#_��*-

������*�#������� �01�����&= ���%����#_��*̀ %�$����� ���>�����*���������-
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Wo\W]UTppgTqqpXWdqW]qWUdXnmpT]
_TVUW\XnrWpdhc Ŝ̀sXUV\SW
Tf̂ ]̀q\X̀U l̀ \SW ngnp̀\]̀U
]Ŵ̀ UTUnWQ

VXeXUV]X̂W\̀\SWl̀]_T\X̀U l̀tTUdTmpWeWp̂sX\STUWumXdX̂\TU\WUW]VĝqTnXUV̀ l
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sSW]Wz{ X̂\SWW�Wn\XeW_T̂^ l̀\SWWpWn\]̀Û XU\SW��Q�̀]\SWW_qp̀gWd

�p�T�̂��T�̂��� ĉz{�j�j�z�csX\Sz�fWXUV\SWl]WWWpWn\]̀U_T̂ Q̂YSW

\]TÛX\X̀UfW\sWWUUWXVSf̀m]XUV̂\T\ŴnTUfWXU\W]q]W\WdT̂\SWnpT̂ X̂nTpngnp̀\]̀U

]Ŵ̀ UTUnWsX\Sl]WumWUngw�Q�Upg\]TÛX\X̀Û fW\sWWUTd�TnWU\tTUdTmpWeWp̂T]W

dXq̀pWTpp̀sWdQ�mW\̀ \SWdWVWUW]Tng l̀WTnStTUdTmpWeWp�cT̂ sWppT̂ q̂XU
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GH6:IJKLMNOKPQOLRMSTMMTURMVKWQOLLMLXNRWQTURUXQYKWZW[UQOURXOK\NKRWZ]̂_
ỲKPUQQKPWNOaKMMYUbQYK[UbKOcdefLRPNVVKOVU[LOTQURSUPKcgefUhQLTRKP
XOUSiUVjK[PkMSUPK[XUOLWUNV[TRlMQOKRlQYUXmnôp qr̂stuvv_weexLPPTQTURL[
VU[LOTQURSUPK_̀ YKaKOQTWL[PUQQKP[TRKSLOyMQYKLRQTWOUMMTRlVUTRQI]̂stuz{|}~_
ỲKLOOUbMTRPTWLQKQYKXOK\NKRWTKMUXQYKNRWUNV[KPd�LRPweWLaTQZSUPKMI
OKMVKWQTaK[Z_�I�L[WN[LQKPQOLRMSTMMTURMVKWQOLTRW[NPTRlQYKPLMYKP[TRKMUXVLRK[
:_@ÌOLRMSTMMTURMVKWQONSK�QOLWQKPXOUSQYKPLQLTR:ILQ]̂st|}~LRPFIRKLO
QYKLRQT�WOUMMTRlVUTRQ_�PLVQKPXOUS�JUO���_

KRLh[KMNMQUWUSVNQKQYKQOLRMSTMMTURUXQYKN[QOLMQOURl[ZWUNV[KPMQONWQNOKbTQYUNQ

OK[ZTRlURLRZXOKKjQVLOLSKQKOMcMKKLVVKRPT��XUOSUOKPKQLT[Mf_�ZLPUVQTRl

LRK[KWQOURPUVTRlPKRMTQZUX�s�u���t������VKO\NLRQNSbK[[c�Tl_�_��fI

UNOWL[WN[LQTURMZTK[PLRK�WK[[KRQLlOKKSKRQbTQYQYKK�VKOTSKRQL[MVKWQOL_�NO

MTSN[LQTURMVOUaTPKTRMTlYQMTRQUQYKWURQOThNQTURMUXQYKTRPTaTPNL[hLOKOKMURLQUO

SUPKMQUKLWYUXQYKWUNV[KPSUPKM_�ZWUSVLOTRlQYKWUOOKMVURPTRlRKLO�jK[P

PTMQOThNQTURMITQTMVUMMTh[KQUPT�KOKRQTLQKQYKTOK�KWQM_�UQLh[ZIQYKRKLO�jK[P

PTMQOThNQTURUXQYK[UbKOVU[LOTQURSUPKcMKK�Tl_�_�:fK�YThTQMLOKMKSh[LRWKQU

QYKd�SUPKIVOTSLOT[ZPNKQUTQMWURWKRQOLQTURUXQYKjK[PbTQYTRQYKWKRQOL[lLV

OKlTUR_�URaKOMK[ZIQYKPTVU[LOSUPKK�VK[MSUMQUXQYKjK[PXOUSQYKlLVOKlTURI

bYTWYTMKaTPKRQTRQYKRKLO�jK[PPTMQOThNQTURUXQYKweeSUPKcMYUbRTR�_��fI

OK�KWQTRlTQMMTST[LOTQZQUQYKweWLaTQZSUPK_dLMQ[ZIUbTRlQUTQMMTlRTjWLRQjK[P

KRYLRWKSKRQbTQYTRQYKlLVIQYKNVVKOVU[LOTQURSUPKTM[TRyKPQUQYKd�SUPK
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,-./0123245678/7691:8;/<71:=;:1<0;>71?3@ABCDEFAGFHIJGIKLMIJGANOP
QOJGEROIPFMSLMQOQDTUVWTXUYZDM[CAFCDCOFKFIMDGMQGO\MQJQFO\OIOFDA]OIKFMHLIO\Z
[COGÔKUYA\DCO_JGEROIPJSLIADHPOJD̀abcdefghiZ6Z̀ bcdfjghi_MGDCOklZ
mZ̀ bndocghi_MGDCOpllJQP8Z̀ bndqoghi_MGDCOrlstPJLDOP_GMSuvMGwxys

z{s{8|s}OPOGA]ODCOFMHLIAQB\DGOQBDC_GMSDCO_GO~HOQFKPOLOQPOQFOM_DCOklJQP

rlMQDCOSJBQODAFROIPJQPM̂DJAQ���a� X�abcdqq̂ KPAJBMQJIANAQBDCOIABCDESJDDOG

�JSAIDMQAJQs

�;�7-�160=16?/01=1�9?

}ADCDCA\JQJIK\A\M_DCOIAQOJGLGMLOGDAO\Z[OJGOQM[O~HALLOPDMAQ]O\DABJDODCO

QMQIAQOJGGO\LMQ\OM_MHG\DGHFDHGÔ KD[MEPASOQ\AMQJI��N\LOFDGM\FMLKs�QADAJIIKZ

[OPOJFDA]JDODCOSJBQODAFROIPz̀abcghi|DMO�JSAQODCOQMQIAQOJGFCJGJFDOGA\DAF\

M_DCOFJ]ADKAQDOGJFDAQB[ADCDCOOIOFDGMQLIJ\SJs�QDCA\\FOQJGAMZDCOrlJQP

pllSMPO\O�CÂAD_GO~HOQFAO\M_xs�JQPnd�ghiZGO\LOFDA]OIKs}OGOFMGPDCO

QMQIAQOJGGO\LMQ\OZU��ZJ\J_HQFDAMQM_DCOGOIJDA]OPOIJK�JQPDCOOIOFDGMEMLDAF

\JSLIAQBDASO�sU��PA\LIJK\JFMSLIO�DASOEPMSJAQ\DGHFDHGO_OJDHGAQBSHIDALIO

M\FAIIJDAMQLJDDOGQ\z�ABs{s�6|s�OGOZDCO_GMQD\M_FMQ\DJQDLCJ\O_MGLHI\OtJGO

M̂\OG]OPJ\]OGDAFJIIAQO\Z[CAIODCM\O_MGLHI\O�JLLOJGJ\PAJBMQJIIAQO\JIMQB

���bFMQ\DsU��O�CÂAD\AD\SJ�ASHSJSLIADHPOJGMHQP�bc��Z[COGÔ MDC

LHI\O\AQDOG_OGOFMQ\DGHFDA]OIKZGO\HIDAQBAQM\FAIIJDAMQ\[ADC_GO~HOQFAO\FMGGO\LMQPAQB

DMDCOrlJQPpllSMPO\s�CA\FMQ\DGHFDA]OAQDOG_OGOQFOBA]O\GA\ODMLGMSAQOQD

M\FAIIJDMGK̂ OCJ]AMHGJIMQBDCO�J�A\ZLOGAMPAFJIIKSMPHIJDAQBDCOOQ]OIMLOM_U��

[ADCSAQASJJDJLLGM�ASJDOIK�bo��JQP�d���s�MQ]OG\OIKZ_MG�b�cd����Z
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OTlWXnRUPPWToYUWTlLpmNRN
cd q crsj tSOYlNSbRUu
vMURwxyj

lmNYQVPNPQTSNRoUSNPlRQnlWzNWTlNRbNRNTnNLVNOSWTolUORNSQnlWUTWTlmN{|}YNO~

OuYVWlQSNOTSnUTPN�QNTlV�SWuWTWPmWTolmNuOoTWlQSNUbZ[\j

�N�lLpNPNllmNN�lNRTOVuOoTNlWn�NVS�WOP�lU���gLpmWnmnURRNPYUTSPlU

lmNOTlWXnRUPPWToYUWTlUblmNn�nVUlRUTRNPUTOTnNOTSlmN��uUSNLcdqcrsj

|NRNlmNUzNROVVTUTVWTNORRNPYUTPNWPPWuWVORlUlmNuNOPQRNuNTlOl�e���{L

�NlOmWomNRVNzNVUbnUmNRNTnN�NnUuNPOYYORNTlLWTSWnOlNS��lmNPVUpNRSNnO�

UbZ[\OTSlmNYNRPWPlNTnNUbO�TWlNOuYVWlQSNbURSNVO�lWuNPQYlU`e���

��Woj�j�k�j�QRlmNRuURNLWTlmWPnUT�oQROlWUTLlmN�NOlWToYOllNRTORWPNPbRUulmN

WTlNROnlWUTPUblmRNNLROlmNRlmOTlpURNPUTOTnNPOTSPQooNPlPlmNYRNPNTnNUbORWnm

PlRQnlQRNUbTUTVWTNORWlWNPj�TURSNRlUbQRlmNRWTzNPlWoOlNlmNTUTVWTNORWlWNPbUR�Ulm

uNOPQRNuNTlPLpNTNNSlUYNRbURuOlpUXSWuNTPWUTOV�UQRWNRlROTPbURu�PNNTN�l

PNnlWUT�j

�URUQRuNOPQRNuNTlPLlmNzOnQQu�O�WbRN�QNTn�UbUQRPlRQnlQRNL���d� LnOT

�NSNlNRuWTNS�OPNSUTlmNbRN�QNTnWNPUblmNYUVORWlUT�ROTnmNPuNOPQRNSWT

N�QWVW�RWQuj|UpNzNRLlmN�O�WbRN�QNTn�UblmNnUmNRNTlSRWzNL�d��� LSNYNTSPUTlmN

OuYVWlQSNUblmNN�lNRTOV�NVSOTSlmNnUQYVWToUblmNbOR�NVSlUlmNVWomlXuOllNR

m��RWSW}NSuUSNPj�NSNlNRuWTN�d��� ��YNRbURuWTo�TWlNXNVNuNTlbRN�QNTn�XSUuOWT

nOVnQVOlWUTP�PNNOYYNTSW���lUnOVnQVOlNlmN�NVSSWPlRW�QlWUTUblmNnUQYVNSP�PlNu

WTlmNYVOTNUblmN��Pj��N�lROnlWTolmNnUuYVN�XzOVQNSbRN�QNTn�XSUuOWTSOlO

bRUulmNPWuQVOlWUTOTSuQVlWYV�WToWlpWlmlmNPYNnlRQuUbUQR{|}lROTPWNTlL
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\]̂ ��qhZŵpp̂pY£��¤�£¥¦£§�£§cdb£��̈ �£§¦£¥�£¥Yĥpgn\_dcq]cp̂
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OQdQRQKTUeNVOQ_NULQOWeLMQVNhQ@AQTUMUNKUSQf

/0y0z,85<54.{,:9;,7 76|.4

gMQ_SQLM@KT@AaQTV̀KQOTRO_@VVNWSQR@RSNRQTKKQV@RTRUQVUTSSVA@KTr̀TRLNLTLNbQ

LMQ@KQLNUTSOQVUKN_LN@RA@KVLK@RdSeR@RSNRQTKQcUNLTLN@R@ÀSLKTVLK@RdSeU@̀_SQO
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_MQR@aQRTTROLMQÀSSYTROT̀ ATRXNLMNLVNRONbNÒTSSQbQSVf
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� ����&%�#�'���#8�#S�T$W~����[*Q�#�(#$�'%�������!�%��&!��$��,�8

�b�r}s{�q�i"'�i%�#�� ��!�'�&����" ��!�8fr|9<��� ����&8�"��#�����

����"#�$$��&%�����$p�b�sr}*w����$"�� &(#�����<����#��$�����8#�N(��",�����

P�"����,�8���Q�#'���P���$̀ �bqr�x�9:;<���������!��"�����&��#��!����#

�#��$�����$�#�"���#�!��qr�}k9:;��!qr�xf9:;<#�$%�"��P��,*T$������$��<

���$�$'���!�P������$�8���","���#��8#�N(��",�8��$$����Y�<���,�""�(��8�#�

$'���%�#��8�����$�#P�!��������#����$<%������&�����%#�$��"��8����#��������#

�_�"�$*

��������&��!#�$�����#$$��(�!#�$%��!�����#�,(%��'("�$�#��&�# ��!$WO��Y�[<

����$����$����<����$�#��&U ��!<���U%�#�(#����P��)"��������8O��!�(���"�#��$

��



�����������	
��������	�

��������������������������������������� �!�� ����"#�$�������"����%�$��"�

������������&'��()*+�� �!�� ����"�������� ��� ��� �,$������,$���-���������.

��������%�$��"������������#�����������#������/�-������������-�������������

�0��������1�.��"����������������/��+2���� �����#������.1�������������#�

3456��-��������7������/�� ��1�� �,�����-����8/��$��� ��/�+9 ���������.���

�����������������$�:������ ���"��������,�������� �!�� ����"������$���

��������������$�����7��������#��"������;�����/�;� �������������������+9�

�,,��,�����������$��;��� ����0������� �"����#1�������$���"���$��;��� �

�����������$���/����;�7���������;� ����������������"#<=>?@AB#�������"������

� ��/�� �C����$��-����/������/��������,���"�"������� ����.�D$������$"

���$�����E

<=>?@ABF
G H

I
JKLMN@<@ABBOKLMN@<PBJQRQS TU+(VW

RQF

X
Y

Z

[O\] ;�� [^\]

[O\]_H ;�� [`\a]b
TU+(cW

9 ���/����;�7��������#<=>?@AB#���������� ��$"����;�7�����C����$�����������

1������ �������������C����$��-���,���������-���� ��D$������$"�������$����#

<P#����D$������$"C����$��-������7��� �d��"���-��#\]FHefgh+d��� �

�����;�,��;�����,������������$���������#� �C����$;���� �-����� ��"����

�������������<ijk���D$����JlJ
m�;�$��������� ����+n�� <=>?1������1

������$�����0����-�#����"����������/�;� �C����$��-������/������ �������/

;�����opE

qrsqrt@H_op<=>?B
uvS TU+3wW

������������/�;�����,���"�"����xQr���������/;�����oyE

xQrsxQrt@H_oy<=>?B
uvb TU+3(W

z{|}~�{�}�����������|

���$�"�����������;$�����,�$��� ���$,���/�;���7������9����������

� ���-���"��������������� ����"������ ���-���#1� �-������������� �

�(



����������	
	��	�������
�������
	�������������
����	�

� � � �
������ �!"#$%&

'�

'(

��

)
�*
+
�,
��
-�
�!
.

/

� � � �
������ �!"#$%&

�

'�

��

01
20

3

� � � �
������ �!"#$%&

�4�

�4(

(4�

5
67
8

9� '
5::

;<=>?@ABCDE<F>GHI@J<KI@?KHGJLKHF<MNBHOPQRSTUVWQXQYZU[\]UX̂USTZ_ZT
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rQ̂ZTVQU[[S̀UVZTjrUV[\V\ZZlRZ̀WrZXVUT[QX̂WVWQXae�\Z�ZT̂aV̀ZXbV\QYV\Z
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_]̀�[][̂_̀â[̂ j̀]Zk[Zk][[_̀VU]nZ̀a][̂̀ aUaW[̂[mkn�nZUWV̀̂[lUZWk�[Z�[[a

Zk[[m_[]nl[aZUVUa\Zk[̀][ZnWUV][̂XVẐr�nlnVU]V�Sj̀]Zk[WXZUV̀ap�� ���
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V̀nRSUTWYPR̀SiT̂TVSTvSYTU���
� ¡¢
�
TW]PZZRQVY] ÙTUỲTU��£
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U[TUT̀VaWV¥ZTWUX_TZUVPWPXU[YUPUTSQPQRSTUVPWV̀YkZVUY]vYiPW]U[YU[_Ỳ[PS]XP_
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BAID̂D]FBEFVEIGFVMVDIL?BA?VDEIMG?V@_̀XZA?GDAMV@IGA?KBGBAIMDDIGG?�]ICMBBIE

KEIfJIVD̂ EMV@IKEFC¡wZ[\BF¡tRu���MVNDFVGIfJIVB]̂NFIGVFBM]]FLKFE

EIGFVMVBDFJH]?V@BFBAI>¢CFNIFKBAINFJ�]I@MHEIGFVMBFE�GIId?@XhX£�X

dFEBAIDMGIFK]?@AB CMBBIEDFJH]?V@L?BAGBEJDBJEIN�� HMBDAIG=MGICH]F̂INKFE

DFVBEF]]?V@BAICFNM]F�IE]MH�GIId?@X�X�MVNd?@X�X�7�=BAIG?BJMB?FV?GKJEBAIE

��



����������	��	
��������������	�
���	
����������������	�

����

�

��� ��� ���

���� !"

���

���

���

���

�
��
 
!"

# ��$ ���
%&

��� ��� ���
���� !"

' ��() ��**
&

��� ���

+,-+.���"

��*

��/

��)

�
��
 
!"

0��(� ��**
&

123456789:;<4=56>=?@A6BCDEFGHDIJKJLMEFNOPQRSCDEFTUVHWJGXFCDEF
YZP[P\]̂_S ]̀aHGbcKJdTcGEef=WdXGLLDLMJKJXEgNLbDXgNHXNcJcDXEhgJNOEFJ
cGEXFJHfiWjkcJgDbJLEGKIDlJgJLEDGKmnoEgGLHbDHHDNLf@WdDbhKGEJIEgGLHbDHHDNLW
CDEFbGgpJIXqXKNEgNLgJHNLGLXJaIGHFJIKDLJeWrhKpaHNKDIKDLJHeGLIJIMJaINEEJI
KDLJHebGMLJENcKGHbNLbNIJHONgEFJsgHEECNcKGHbNLbNIJHftWdCJJcNOEFJ
HDbhKGEDNLhLDEXJKKHDoJuvwuxGEGOgJyhJLXqNOz{Z\|}Q~��f

XNbcKDXGEJIrqGIIDEDNLGKXNLsLJbJLEDLrNEFIDgJXEDNLHNOEFJUV cKGLJfmFJ
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bNIJKKJIONgG�GgDJEqNO��j�HqHEJbH��KG��W�JE��W�hg���f�NgEFJKJLMEFHXGKJH

GLI��j�cgNcJgEDJHJbcKNqJIFJgJWEFJbGMLJEDXsJKIIJcJLIJLXJNOEFJrhKpGLI
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XUTS]gkTY\VST_ZUXlmUZnoYpg

qCJLMIrLBsCHNCMtIMuCKCMr?MBCu?OBLuIHJOIuC
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]VP̂OUW_VXVW\]T̀URaYV[\RVQ\̀\STOYTRR\SYV[\QbcdefghbcdiTW[cdjbTQ
TXPW]RUVWVXRk\]a]OVRSVWXS\lP\W]abmnoBbPW]VP̂O\[YV[\Qopb]VP̂O\[YV[\Q
]VŶ SUQUW_VXVW\OVq\Ŝ VOTSURVWrsditTW[RkS\\P̂ \̂Ŝ VOTSURVWQrudivibudivj
TW[udivwtox[T̂R\[XSVYycVSz{T|o

xQTWUWQRSP]RÙ\\}TŶ O\bq\qUOOOVV~TRRk\]VP̂OUW_VXTQUW_O\]T̀URaYV[\

���RVRkS\\YT_W\RV̂OTQYVWQbqk\S\TQRk\�SQRYT_W\RV̂OTQYVWbcdebUQRk\

�TS\]a]OVRSVWS\QVWTW]\o�k\US�TS\XS\lP\W]U\QTQTXPW]RUVWVXRk\]a]OVRSVW

S\QVWTW]\mnbqURkVPR]VP̂OUW_bUQ[UQ̂OTa\[UW�U_PS\�o�Bo�qUR]kUW_Rk\]VP̂OUW_

VWr�U_o�o�ptbXVPSYT_W\RV̂OTQYVW V̂OTSURVWS\QVWTW]\QXVSYqURkYVWVRVWU]TOOa

UW]S\TQUW_XS\lP\W]U\Qo�k\sdiYV[\\Y\S_\QTQaŶ RVRU]TOOaXSVY�\OVqRk\

]a]OVRSVWS\QVWTW]\rghtW\TSmn��TW[_ST[PTOOaT̂ ŜVT]k\QRk\]T̀URaXS\lP\W]a
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YV[\QTW[Rk\[UTYT_W\RU]QkUXRUW[P]\[�aRk\̂ kVRVW�\O[oxQmnUW]S\TQ\QbTOOud

YV[\Q�\W[P̂qTS[TW[\̀\WRPTOOa]VẀ\S_\TQaŶ RVRU]TOOaRVqTS[QRk\]a]OVRSVW

S\QVWTW]\oh\YTS~T�Oab]VWRSTSaRVRk\]TQ\VXQUW_O\YV[\]VP̂OUW_bTWP̂ \̂S

V̂OTSURVWYV[\]TW\}UQRXVSXS\lP\W]U\QOVq\SRkTWURQTQQV]UTR\[]T̀URaXS\lP\W]ab

Q̂\]U�]TOOabm��v�v��m�o�kUQWVRVWOa\OUYUWTR\QRk\̂ S\̀UVPQOaV�Q\S̀\[�TW[_T̂

RkTR\}UQRQUWRk\]VWR\}RVXQUW_O\YV[\]VP̂OUW_bqkU]kUQ]S\TR\[�aRk\[UTYT_W\RU]

R\SYTW[Q\̂TSTR\QRk\RqV̂ VOTSURVWYV[\Qb�PRTOQVQ\S̀\QTQTPWUlP\UW[U]TRVSVX

YPORÛO\YTRR\SYV[\QUWR\ST]RUW_qURkTQUW_O\]T̀URaYV[\o
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%,$#0$*//'.*):&%$$#9*$/,*4($%)E%&79'7(2E*(9**&(2*4:4)#($#&$*/#&%&4*%&7

(2*2'02*/(6*&*$0:XL-#7*D̂ '-')%$):84#5,)'&0(#(2*/*4#&74%.'(:-#7*9'(2
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A2*'&4$*%/*7'&(*$%4('#&%)/#4%5/*/%15$(2*$5,9%$7/2'1('&(2*1$*Q5*&4'*/#1(2*

XL_YZ-#7*/892')*/'-5)(%&*#5/):)#9*$'&0(2*1$*Q5*&4'*/#1(2*KLk-#7*/D

l#.'&0#&(#(2*=?@ 4%/*G"'0DHD;ImJ89*#E/*$.*%,$#&#5&4*7-%0&*(#,)%/6

-#&,#)%$'(#&1%&9'(29*))6/*,%$%(*7XLMYZ-#7*/(2%(*+(*&75,(#̀ [cbUVW%(

OPSTUVWDA2*XL_YZ-#7*/$*%421$*Q5*&4'*/5,(#d[TUVWD

F&4$*%/'&0(2*&5-E*$#1?@/(#;>?@/G"'0DHD;InJ87'/('&4(E$%&42*/#1XLMYZ
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EXYZ[\]̂ _\[̀a\̀[̂ b̂c\̀[defghij_
klmcanopd\]ce q̂̀drcm̂e\_defm̂stZû
aZ̀vmdef_\[̂ef\]Zbwxyz{|}~��ceu
deam̀udefcmmtcfê\Zvmc_tZe_� �[̂�
uc_]̂umdê�aZ̀vmdefZbZem�c_defm̂acrs
d\�ceutc\\̂[tZû pd\] q̂̀drcm̂e\aZ̀s
vmdef_\[̂ef\]��Z\\̂ulm̀̂ mdê��{|
�{��|�~�}�����XYZ[\]̂ _defm̂tZû_
pd\]caZ̀vmdef_\[̂ef\]Zbwxyz{|�~��
�ucv\̂ub[Zt��Z[��c��

aZ̀vmdef_\[̂ef\]bZ[cedeudrdùcmtZû [̂ca]̂_\]̂ ���[̂fdt̂ X̂r̂eZ�s[̂_Zece\

aZ̀vmdefûa[̂c_̂_\]̂rd[\̀cmv]Z\ZevZv̀mc\dZeZem�_mdf]\m�Xb̀[\]̂[udtded_]def\]̂

_dfed�aceâZbcedeudrdùcmce\dsa[Z__defvZde\��]d_̂eclm̂_\]̂\Z\cmrcà t̀v]Z\Ze

vZv̀mc\dZe\Zl̂ dea[̂c_̂ucmtZ_\c[ld\[c[dm�l�cuudef̂ m̂a\[ZedaZ_admmc\Z[_\[̂ef\]

pd\]dec_v̂a\[cmpdeuZp\]c\ace_vce_̂r̂[cmZa\cr̂_deb[̂q̀ êa���̂\�_aZe_dû[

c_v̂ad�aac_̂\Zdmm̀_\[c\̂\]d_l̂]crdZ̀[��̀vvZ_̂p̂ ]cr̂ c_defm̂acrd\�tZû

pd\]c[̂_Zeceâb[̂q̀ êa�Zb�{��|�~�}���aZ̀vm̂u\Zc_defm̂tc\\̂[tZûXpd\]

caZ̀vmdef_\[̂ef\]Zbwxyz{|}~��kcvv[Z�dtc\def\]̂ _d\̀c\dZeZb\]̂ _\[̀a\̀[̂

pd\]ghij_Xud_à__̂u_]Z[\m�okYdf�����EuZ\\̂uf[̂�à[r̂o��_̂�v̂a\̂uX\]̂

rcà t̀v]Z\ZevZv̀mc\dZec_cb̀ea\dZeZb\]̂ a�amZ\[Zeb[̂q̀ êa��{b̂c\̀[̂_c

tc�dt̀ tc\\]̂ ce\dsa[Z__defvZde\�{|�{��|�~�}�����Zp̂r̂[X_̀[v[d_defm�X

r̂̂epd\]c_dfed�ace\û\̀edefZb�{b[Zt\]̂ ce\dsa[Z__defvZde\X\]̂ rcà t̀

v]Z\ZevZv̀mc\dZe[̂tcde_clZr̂�� Zbd\_tc�dt̀ trcm̀̂ p]̂e\]̂ tZû_c[̂

[̂_Zece\��]d_l̂]crdZ̀[d_cm_ZbZ̀eubZ[\]̂ t̀ m\dstZû aZe�f̀[c\dZeXc_Zl_̂[r̂u

bZ[\]̂ ghsij _\[̀a\̀[̂pd\]\]̂ _ct̂ q̂̀drcm̂e\aZ̀vmdef_\[̂ef\]wxyz{|}~��

kYdf�����Elmcanà[r̂o��Zp̂r̂[X\]̂ _d\̀c\dZea]cef̂__dfed�ace\m�bZ[tZû[c\̂

aZ̀vmdef_\[̂ef\]_�YZ[c_defm̂vcd[Zbmdf]\ceutc\\̂[tZû_pd\]wxyz{|�~�Xc

t̀ a]_\[Zef̂[ûv̂eûeâZb¡¢£Ze\]̂ û\̀edefd_Zl_̂[r̂ukYdf������o��̂[̂X

[̂ùadef\]̂ a�amZ\[Zeb[̂q̀ êa�\Z�{|�~����Z[dea[̂c_defd\\Z����cm[̂cu�
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TUVWXYZ[Y\UW]T̂]]̂ZWZ_ỲXab[cd ]UTefXU]U_gWhŶZWZ_ijkQ̀XXlYXWmXm
RZenXfmTZmXfôXfm]hZgef̂WV]Y\XWVỲ]Z_pqrstuvUWmpwrvtux_Z\ỲXn\]Y
UWm]XhZWm\X]ZWUYZ\TZmXP\X]eXhŶyXfokzUfhgfUYXmeZfU\̂YZW_\X{gXWĥX]|]Zf̂mUWm
mU]̀Xmhg\yX]}~̂Ỳ m̂]ŶWhY\X]ZWUWhX]TU\�Xmk�PzUfhgfUYXmY\UW]T̂]]̂ZWUWm
eZfU\̂YZW_\X{gXWĥX]kKPQ\UW]T̂]]̂ZWZ_ỲXb�[cd ]Y\ghYg\XkzZgef̂WV]Y\XWVỲ]�
pqrstu�Ppwrvtuuk�PzUfhgfUYXmY\UW]T̂]]̂ZWUWmm̂XWŶhUfeZfU\̂YZW_\X{gXWĥX]k
�mUeYXm_\ZT��Z\a�U�k

fZ~X\̂W_\X{gXWhoUWmỲXhZTefXYX��_UWŴh\XU]X]̂W_\X{gXWhoPWZ~\XUh̀ ŴV

_\X{gXWĥX]U�ZyX�QRSk�g\ỲXZ\XŶhUfTZmXfhZWn\T]XyXW`̂V̀X\ỲUW�X_Z\X

yUhggT èZYZWeZegfUŶZW]UWmhZgef̂WV]Y\XWVỲ]kd Ŷ̀ abcd]P~XUh̀ X̂yX

��q�rvt��P��w�rvt��UWmpqrstuvPpwrvtuxk�Z\ỲXb�cd ]Y\ghYg\XP~X

\XUh̀ ��q�r�tvvP��w�rvt��UWmpqrstu�Ppwrvtuuk�ZYU�foP_Z\ỲXn\]YŶTXP

ỲXyUhggTèZYZWeZegfUŶZWZ_U]̂WVfXhZgefXmZeŶhUfTZmX\XUh̀X]gŴYoP~̀ f̂X

ỲXhZT�̂WXmV\ZgWm]YUYXeZegfUŶZWZ_�ZỲ TZmX]P���r��q����w�r�t��P

]g\eU]]X]̂YkQ̀XX�XhŶyXPhZT�̂WXmhZgef̂WV]Y\XWVỲZ_������r�t��XlhXXm]ỲX

yUfgX]Z_Xl̂]ŶWV]Y\ghYg\X]|pr�t��� Uo¡¢�UWmpr�tu���gXa£�}�oUfTZ]YU
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:?6+887<:.?17CDEFGHIJKLMNOFPJGLQRMSKLQMTUVWOSMTKXSRMNIHGMYZO[KIRIWFLNMGOL
OWMTKREFISKSOOMOWMTKMOMIJNTISQKNISSGKS[KLRGMYCIL[JGLKISXMOWMTK[IMII[\FRMK[
MOMTKXSRMWOFS[IMIPOGLMR]BCDEFGHIJKLM[IMIWOSMTKRKNOL[NIHGMYZO[K]̂ [IPMK[
WSOZ_̀OSabIc]

WINMOSOWa]dKSKMTKHINFFZQSOFL[RMIMKKeTGfGMRRMSOLQREFKKgGLQOWMTKPTOMOLGN

ZO[KIL[ITGQTJYLOLhNJIRRGNIJiONjhRMIMKPSOfIfGJGMY[GRMSGfFMGOLkRKKNTIPMKS

al]̀ OSKOHKSCMTKKeMSKZKNOFPJGLQIJROSKRFJMRGLHGSMFIJKeNGMIMGOLROWMTKZIMMKS

RYRMKZCmGMTINOZfGLK[POPFJIMGOLOWMTKZIQLKMOPJIRZOLRfYn]op]qTKRKHINFFZ

QSOFL[RMIMKPSOPKSMGKROPKLFPKeNGMGLQPORRGfGJGMGKRWOSmG[KhSILQGLQNOLMSOJOW

MSILRPOSMCNTKZGNIJSKINMGOLRCIL[PTIRKMSILRGMGOLRfYHINFFZrFNMFIMGOLR]

N̂NOS[GLQMOOFSXL[GLQRGLNTIPMKSsIL[OWSKW]_dIQnocCMTKNOFPJGLQRMSKLQMTWOS

NOJJKNMGHKKeNGMIMGOLRCRFNTIRtIL[IFPOJISGMOLRCGRKePKNMK[MORNIJKmGMTMTKREFISK

SOOMOWMTKMOMIJNISSGKS[KLRGMYuvw xuyvw GLMTKEFILMFZmKJJRMINj]qTGRRNIJGLQ

JImTOJ[RMSFKWOSMTKNOFPJGLQOWMTKtzIL[{|SKROLIMOSZO[KRWOSMTKRMSFNMFSKR

mGMTnCbCpCIL[na}~RkiGQ]�]nbl]dOmKHKSCWOSMTKRMSFNMFSKRmGMTasIL[s�

}~RCmKfKQGLMORKKI[KHGIMGOLWSOZMTGRG[KIJRNIJGLQJIm]qTGR[GRNSKPILNYNIL

fKIMMSGfFMK[MOMTKJGZGMK[PKLKMSIMGOL[KPMTOWMTKLKISXKJ[GLMOMTK}~ RMINjR]

R̂MTKLFZfKSOW}~RGLNSKIRKRCMTKLKISXKJ[ZIYLOMK�KNMGHKJYGLMKSINMmGMTIJJ

MTK}~RCJKI[GLQMOISK[FNK[GZPINMOLMTKOHKSIJJNOFPJGLQRMSKLQMT]{KRPGMKMTGR

[KHGIMGOLCMTKNOFPJGLQRMSKLQMTRMGJJGLNSKIRKRmGMTMTKI[[GMGOLIJ}~RCIJfKGMLOM

IMMTKRIZKSIMK]
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Z̀]X̂V�̂XkZkl̂ XWYhV̂�ikluvwxXW[gkl̂ YZXk̂�k]̂Ŷ aZ̀hVi[jXk]̂[jklXy�[
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0123456789:;<2=5>?@A<BC?=
B@5D>4<7 EFGHIGFJKLMNKHJOFPQ
JRK KSNKHJFJTPU VFGIKM PQJRK
NPGFOTWFJTPUPQJRKXFYUKJPNGFMXPU
XPLKMZ[\[]Ẑ_RKMNKHJOFFOK
VKOJTHFGG̀PaMKJb̀ FVFGIKPQĉde
QPOHGFOTJ̀̂ fLFNJKLQOPXghPOdiFĵ

JRKOKXFOkFbG̀MJOPUYGTYRJlXFJJKOHPINGTUYemnopoqerRTHROKMIGJMTUFJPJFGMNKHJOFG

bFULrTLJRMNFUUTUYPVKOsPNJTHFGPHJFVKMQOPXFMGPrFMĉct_uWJPFMRTYRFM

s_uŴ

vOTVKUb̀ IGJOFMJOPUYFULLKKNlMJOPUYHPINGTUYeJRKNPGFOTWFJTPUPQJRKwOMJXFYUKl

JPNGFMXPUNPGFOTJPUXPLKrTJRFQOKxIKUH̀ PQyz{oq|p}]~����LTMNGF̀MFMTXTGFO

TUJOTHFJKJTXKlLPXFTUMJOIHJIOK��TŶ t̂�sD�̂�JMMNKHJOIXOKVKFGMQPIOMTYUTwHFUJ

GPHFGXFSTXFMNFUUTUYQOPXĉ��JPd̂t�_uWeFHHPXNFUTKLb̀ GKMMNOPUPIUHKL

RTYRKOlQOKxIKUH̀ XFSTXF��TŶ t̂�sDeTUMKJ�̂_RKMKL̀UFXTHMFOKTUMJFOkHPUJOFMJ

JPJRKL̀UFXTHMPQFMTUYGKNFTOPQGTYRJlXFJJKOHPINGKLXPLKMerTJRm�����}�~]�̂

uKOKJRKHFVTJ̀wKGLQKFJIOKMPUG̀JRKGPrKOFULINNKONPGFOTJPUOKMPUFUHKMerTJRPIJ

FLLTJTPUFGQKFJIOKMTUTJMMNKHJOIX��TŶ t̂�s��̂

�rTUYJPJRKMJOPUYHPINGTUYPQXIGJTNGKXFYUKJPNGFMXPUXPLKMJPFMRFOKLHFVTJ̀

XPLKeJRKXFYUKJPNGFMXPUMTU�IKUHKKFHRPJRKOeXKLTFJKLb̀ JRKHFVTJ̀̂ _RTM

TUJKOFHJTPUOKMIGJMTUMJOPUYXTSTUYPQJRKNOKVTPIMG̀POJRPYPUFGXFJJKOXPLKM̂

fMFOKMIGJeJRKLPXTUFUJQOKxIKUHTKMTUJRKTONPGFOTWFJTPUMOK�KHJJRKMNKHJOFG

HRFOFHJKOTMJTHMPQFGGXFYUKJPNGFMXPUNPGFOTJPUMMTXIGJFUKPIMG̀��TŶt̂���̂fGJRPIYR

JRKMNKHJOFGrKTYRJPQKFHRXFYUKJPNGFMXPUXPLKTMNOTXFOTG̀HKUJOKLFOPIULTJM

TUJOTUMTHOKMPUFUHKQOKxIKUH̀eJRK̀ FGGMRFOKJRKMFXKGPHFGXFSTXF̂ _RTMTMF

HRFOFHJKOTMJTHMTYUFJIOKPQXIGJTlXPLKUPUlOKMPUFUJLKKNlMJOPUYGTYRJlXFJJKOHPINGTUY

FULJRKMJOPUYbFHklFHJTPUPQJRKHFVTJ̀VFHIIXwKGLPUJRKXFJJKOM̀MJKX̂
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>?@ABCDEFGHIJCB@KLKJMN?OPQRCSTBCNCUKPTBQJ@NAUT?NQLCOQAVU?J@E
MWXYZ[\] _̂̀aZb[c̀defg̀]ĥ iZ_̂[̀aZ_jkkdekdjkèĝYlĉkgidj[fZmeYi àZ
cgY\kZnĥ iZ[Z_Z[ZYdZliecaZidj[fZmecgYopqrpsWXYZ[\gZĉ _̀aZb[c̀he\YZ̀̂ tkecn
ĥ Yĥ iZlĉkgidj[fZmeYid]dk̂̀[̂Y[ZĉYeYdZliecaZidj[fZm_̂[̀aZ̀û decZcp
OWv̂[[Zct̂YigY\d̂jtkgY\ZYZ[\gZcwZ̀uZZY àZdefg̀]ĥ iZeYi àZ[ZctZd̀gfZ
hè Z̀[ĥ iZpxiet̀Zi_[̂hyz [̂{|e}p

~aZigc̀gYd̀ĝYwZ̀uZZY àZcgY\kZnĥ iZeYihjk̀gnĥ iZd̂jtkgY\[Z\ghZcwZd̂hZc

ZfZYĥ [Zt[̂ŶjYdZiuaZYZ�ehgYgY\ àZi]Yehgdc _̂ZYZ[\][Zigc̀[gwj̀ĝY

l�g\popq�mp�Y àZdecZ _̂ecgY\kZteg[̂ _ĥ iZcẀaZdefg̀]ZYZ[\]������ẀaZ

ZYZ[\] _̂̀aZhè Z̀[c]c̀Zh������eYi àZZYZ[\]c̀̂ [ZigY àZd̂jtkgY\g̀cZk_

������WekkZ�t̂YZỲgekk]iZde]jt̂YZ�dg̀èĝYl�g\popq�Wî`̀Zidj[fZcmp�j[gY\

àZiZde]ẀaZcjwc]c̀ZhcZ�daeY\ZZYZ[\]tZ[ĝigdekk]è àZ[èẐ _���W[Zcjk̀gY\

gYeY ĉdgkkè [̂]ĥ ijkèĝY _̂̀aZiZde]gY\ZYZ[\gZcp�̂uZfZ[WgY ĵ[c]c̀Zhug̀ae

ke[\ZYjhwZ[̂_te[̀gdgtègY\he\YZ̀̂ tkecĥ Yhè Z̀[ĥ iZcẀaZi]Yehgdĉ_ekk

ZYZ[\gZcZ�agwg̀ehjdaĥ [Zg[[Z\jke[wZaefĝj[l�g\popq�Wĉkgidj[fZcmpxcgY\kZ

Z�t̂YZỲgekiZde]gcŶ k̂Y\Z[̂wcZ[fewkZWgYc̀Zei àZdefg̀]ZYZ[\]ẀaZZYZ[\]̂ _

àZb[c̀he\YZ̀̂ tkecĥ YeYig̀c[ZctZd̀gfZd̂jtkgY\ZYZ[\]Z�agwg̀ecae[tiZde]

e_̀Z[̀aZgYg̀gek[gcZjt̂YZ�dg̀èĝYeYiecZd̂YiWk̂dekhe�ghjhè�����tcp

xk̀âj\a àgci]YehgdcZZhc̀ d̂̂Ỳ[eigd̀ZYZ[\]d̂YcZ[fèĝYẀaZZYZ[\]gccghtk]

c̀̂ [ZigY àZd̂jtkgY\̂ _̀aẐ àZ[{�he\YZ̀̂ tkecĥ YcWŶ ìgctke]ZigY àZb\j[ZW

ag\akg\àgY\̀aZd̂htkZ�Yèj[Ẑ _̀aZhjk̀gnĥ iZd̂jtkZic̀èZp
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[\YX]̂_^̀aX̀[̂b̂ ]̀cd]â efga]Z[fe[\YXeYhicYXefĵ_`̂XeZk̂Y_[cbic̀^̀]lmnolpmq
cd]â rWbc_̂VêYX]fŝ]c]â dXeZk̂Y_XbiYf]\_̂VmqVX]X_̂i]acdtuvwxxyzV
dceX̀ \̀_cî_{|f][af̀giX][a}_X{â_Yf̀̂ {~X̀_QVdceX_cî_{|f][af̀giX][a�
UV�̂XeZk̂Y_̂ àX̀[̂b̂ ]̀f̀]â �� iYX̀ X̂Yc̀g�ux|f]ac\]iac]ĉ�[f]X]fc̀ X̀_
OV|f]aiac]ĉ�[f]X]fc̀�B�RV�Xb̂ X{KX̀_QV�\]dce]â��bc_̂�?V�eX̀{bf{{fc̀
{î[]eXdceX_cî_X̀_X̀ \̀_cî_{|f][af̀giX][aVê{î[]fŝYh��_Xi]̂_decb
��XY����

_fê[]Yh�̂Yc|]â ê{c̀X]ce]cbX�fbf{̂]â cŝeYXi��a\{V[aX̀gf̀g]â _f̂Ŷ[]ef[

iecîe]f̂{cd]af{êgfc̀ |fYY{]ec̀gYhf̀�\̂ [̀̂]â [c\iYf̀g�� b̂X�̂\{̂cd]af{dX[]

X̀_f̀]ec_\[̂ X̀ \̀_cî_�̀�����X�����{iX][a}_fb̂ {̀fc̀{����b����b~�̂]|̂^̀

]â [XiX[f]fŝ ê{c̀X]ceêgfc̀ X̀_]â ��{}�fg����V|af]̂iX][a~�

�â �X̀_gXicd��� ̂¡cd]â {̂bf[c̀_\[]cebX]̂efXYXYYc|{dce]â {̂Ŷ[]fŝ �̂[fZ

]X]fc̀ cd[aXeĝ [Xeef̂e{c̀Yhf̀]â {|f][af̀giX][a\{f̀gd̂b]c{̂[c̀_{|f][af̀g

i\Y{̂{|f]aXiac]c̀ ^̀ êghcd��� ̂¡X̀_Xi\Y{̂_\eX]fc̀ cd��d{��\YY{X]\eX]fc̀

cd]â iX][a|f]a]â b̂iYcĥ_i\Y{̂{[ceê{ic̀_{]cXiac]ĉ�[f]̂_iYX{bX|f]a

X̀ Ŷ̂[]ec̀ZacŶiXfe_̂ {̀f]hcd¢£¤¥¦§̈ u©ª«�¬x
®[b °̄Về _̂ef̀g]â iX][a±\X{fZ

b̂]XYYf[f̀]â ��jêgfb̂�� [̂c̀_\[]k̀f]̂ẐŶb̂ ]̀dê±\̂ [̀hZ_cbXf̀{fb\YX]fc̀{

}{̂̂ Xiî _̀f�W~]cc�{̂eŝ]â f̀�\̂ [̀̂cd]â iac]ĉ�[f]̂_iYX{bXc̀ ]â ê{c̀X]ce

bc_̂{}�fg����~�²̂dcêiac]cX[]fsX]fc̀V]â _c\�ŶgXiê{c̀X]ce{d̂X]\êX{]ec̀g
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DEAGBA?ERH>>=EREPHJ>;?EpAEPH>;UE>B>=ESnoDFPCEXY;<NZNr]N
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FY[MOHKLPabcRHFMEUSVU[ETYIYTEOY\IH[E]PVUYKLEMNOFERdeTYMIETSUV[fWYOghid

TNUHKLTHjEUEKIMDYFEFYSIEUCWXEkJHIYIHVKYKTUEZEYOFYJV[MOEkIE[MVUYOFIUNJINUE

YOVKLIDETHYLVKYO]lm]̂dnKIEUMUEIHKLFNJDT\KY[HJF_IDYIEkDHQHIZYUHYIHVKFVKY

FNQJ\JOEFJYOE_EkIEKTFQE\VKTIDEFJVMEVSEoNHOHQUHN[VUoNYFH̀EoNHOHQUHN[FEIIHKLF

GDEUEUEFMVKFESNKJIHVKFJDYKLEFOVGO\JV[MYUETIVIDETNUYIHVKVSVKEVFJHOOYIHVK

J\JOEVSOHLDIdCDNF_GEYTVMIIDESVU[YOHF[TEZEOVMETQ\pHKTIYKTcJD[NIIEK[YEU

fpHKqqiIVEkIUYJIIDEHKFIYKIYKEVNFOHKEYUUEFMVKFESNKJIHVKYKTIUYKFSVU[IDETYIY

HKIVYKEGIH[ESUY[EGDEUErl]s]̂ UEMUEFEKIFYJVKFIYKITEOY\QEIGEEKIDE

FGHIJDHKLYKTEOEJIUV̀VMIHJTEIEJIHVKMNOFEFPtHLdudvRdcNQFEoNEKIO\_IDEYJoNHUET

IH[ÈTV[YHKTYIYYUEFNQwEJIETIVYtVNUHEUIUYKFSVU[YOVKLIDEIH[EYkHF]_GDHOE

[YHKIYHKHKLYJVKFIYKIZYONESVUrPtHLdudxyRdCDHFIUYKFSVU[YOOVGFNFIVEkIUYJI

IDEHKFIYKIYKEVNFFGHIJDHKLUEFMVKFEVSIDEF\FIE[YKTYKYO\FEHIFT\KY[HJFVKY

FNQJ\JOEFJYOEd

bKJE[VUE_IDETYIYNKTEUFJVUEFIDEFMEJIUYOFMEJHzJHI\HKDEUEKIIVIDEFGHIJDHKL

JVKJEMId{VIYQO\_IDEMUH[YU\H[MYJIHFVQFEUZETVKIDEKYUUVGQYKT|}JYZHI\

[VTEYIhd~CWX_GDHOEIDE��[VTEEkMEUHEKJEFVKO\Y[YULHKYOUETFDHSIYKTY

FOHLDIQUVYTEKHKLHKSUEoNEKJ\deTEIYHOETYKYO\FHFVSIDETHjEUEKIHYOIUYKF[HFFHVK

��l��r�m��rlm����VSIDE|}[VTEPtHLdudx:_QOYJ�JNUZERUEZEYOFYKHKHIHYO

TUVMHKIUYKF[HFFHVK_GDHJDHFYIIUHQNIETIVIDEHKJUEYFETVZEUYOOCWXYQFVUMIHVK

JYNFETQ\IDEMUEFEKJEVSJYUUHEUFHKIDEFGHIJDHKLMYIJDdCDHFMUVJEFFHFUEZEUFET

YSIEUIDEzUFI�hhFVSSFSUV[GDEUEVKIDEIUYKF[HFFHVK[VKVIVKHJYOO\HKJUEYFEFGHID

IH[EdnKJVKIUYFI_IDEIUYKF[HFFHVKYIYUESEUEKJESUEoNEKJ\VSgd�CWXUE[YHKF

OYULEO\NKJDYKLETIDUVNLDVNIIDEFGHIJDHKLMUVJEFFPtHLdudx:_UETJNUZERd
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[\]̂_̀aPT\̂]bWQcU[WdÛaReUcUWfd\c_c\ÛgXeWde_T]Wd_TT\WTdÛdŴcT_c\Û TW[P̀c\̂]
bTUQbWQcU[WdÛaReUcUWfd\c_c\Û \[hijklmnopqrsgMNtUTTW[RÛa\̂]cT_̂[Q\[[\Û
[RWdcT_N\̂ceWuSbT_QWgCNv̀_dwdPTxWya\zWTŴc\_̀cT_̂[Q\[[\Û {|UbceW}tQUaW
WfcT_dcWa~\ce\̂ceWbTW�PŴd�~\̂aU~UPc̀\̂Wa\̂R_̂ẀMV�a_[eWaV̀_dw\̀̂W[g
�WadPTxWya\zWTŴc\_̀cT_̂[Q\[[\Û WfcT_dcWa~\ce\̂ceWbTW�PŴd�~\̂aU~UPc̀\̂Wa
\̂R_̂ẀMV�a_[eWa~e\cẀ\̂W[NbUTTWbWTŴdWg�a_RcWabTUQ�Y_̀���g

<=�=@9MCGC�;JA7BCD�K�FGEHI7CJ

�\ce_[PddW[[bP̀aWQÛ[cT_c\Û UbUPT[~\cde\̂]dÛdWRcN~WRPc\ccUceWcW[c

~\cec~UdUPR̀Wa[cTPdcPTW[gXeW�T[c[cTPdcPTW��[~NbW_cPTW[ceTWW��[~\ce_

aUR\̂]aŴ[\c�Ub��li�jklmn�dQr�RWT��NdUPR̀WacUceW[~\cde_V̀WaUPV̀W]_R

TW[Û_cUTg�Wde_T_dcWT\ZWceW[_QR̀W\̂W�P\̀\VT\PQVWbUTW[~\cde\̂]V�QW_[PT\̂]

ceWXYZcT_̂[Q\[[\Û _[_bP̂dc\Û UbceWd�d̀UcTÛ bTW�PŴd�����\]g�g�H�g

XeW[RWdcT_[eU~ceWWfRWdcWa_̂c\dTU[[\̂]N~\ce_Ù~WTRÙ_T\cÛ �}O�VT_̂de

WQWT]\̂]bTUQceWd�d̀UcTÛ TW[Û_̂dW_c̀U~bTW�PŴd\W[_̂a_̂ PRRWTRÙ_T\cÛ

��O�TW[Û_̂dW[c_Tc\̂]_c�g��XYZbUT���m���gYWTW~WP[W_[\̂]̀WSQUaW

Y_Q\̀cÛ\_̂ cUTWaPdWceWdUQR̀Wf\c�cUceWQU[cTẀWx_̂cQUaW[N_[_aa\c\Û_̀

QUaW[Û �̀RTUaPdWQ\̂UTdUTTWdc\Û[cUceW[RWdcT_gXeW_̂_̀�[\[TWxW_̀[_dUPR̀\̂]

[cTŴ]ceUb ¡¢£¤�mij�NW�P\x_̀ŴccU_x_dPPQ]TUP̂a[c_cWRURP̀_c\Û Ub�g�

x\TcP_̀ReUcÛ[g�aa\c\Û_̀̀�NceWV_TWNP̂dUPR̀Wad�d̀UcTÛ TW[Û_̂dW\[x\[\V̀WbUT
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FBCLEXBKIJ]̂ _̀abcdefgh>ijkDJN
BLCLlUHBDBHIEIJBKLFTHBUKHEXQDBUKg
mWDQBLWJCIGn@DRopqg

/0+12345010+5=+70*1

rLlB>TLCLUICWBKLFDGLFQLUBCDDJBLCQKIBIWIQHEXIJBKLFTHBUKHEXQDBUK>LlUHBHEX

BKLFDGQRLoQFsLJICLBKLGDlHGVGIJBKL?@AQVRFLDBDBHGLWLRDtIJuvbiQF

wxHXgygyhzg@LCLTLIsFLC{LFL{LCDRRDCXLUKDEXLF>DFsIBKQIRDCHBIECLFIEDEULFDCL

UIGQRLBLRtDsFLEB>L{HWLEUHEXBKLJVRRUIRRDQFLIJBKLVRBCDFBCIEXUIVQRHEXgmFDRCLDWt

IsFLC{LWJICBKLsDCLCLFIEDBIC>BKLWHQIRDCUD{HBtGIWLFRHXKBRtCLWFKHJBFDFTLRR

VQIEDUBH{DBHIEIJBKLFTHBUKHEXQDBUK>CLFVRBHEXHEBKLIsFLC{LWCLWVULWBCDEFGHFFHIE

DsI{L|gy?@Ag}BKLCFQLUBCDRJLDBVCLF>FVUKDFBKLsDCLUtURIBCIECLFIEDEUL>CLGDHE

VED~LUBLW>FKITUDFHEXBKLGHEHGDRRtHE{DFH{LEDBVCLIJBKLFTHBUKHEXUIEULQBg

mFDELlBFBLQ>TLBLFBBKLFBCVUBVCLZy>JLDBVCHEXyOPFDEWUKDCDUBLCHALWHE

L�VHRHsCHVGHEUKDQBLCogyg?KHFFBCVUBVCLJLDBVCLFBKLZNXDQCLFIEDBICFBCVUBVCLF

wxHXgyg�1z>BKLQIFHBH{LCLFIEDBICUIVEBLCQDCBBIBKLELXDBH{LFBCVUBVCLTLFBDCBLW

THBKHEUKDQBLC�gZH�LTHFL>BKHFCLFIEDBICJLDBVCLFDJVEWDGLEBDRZ�GIWLTHBK

DJCL�VLEUtIJ��� bcdei���DEWDKHXKLCWHQIRDCGIWLTHBKDJCL�VLEUtIJ

�v�b�d�e���g?KL{DUVVGYLRWLEKDEULGLEBIJBKLZ�GIWLHFRIUDBLWHEBTI

UDQDUHBH{LXDQF>VEWLCTKHUKBTI�E�DmFQDBUKLFJICFTHBUKHEXDCLQRDULWwGDC�LW

stWDFKLWRHELFzg}VCYEHBLNLRLGLEBJCL�VLEUtNWIGDHEFHGVRDBHIEFFKITDXDHED

UIRRDQFLIJBKLZ�GIWLVQIEWIQHEXBKLQDBUKLFwxHXgyg�hzg

?KLFBLDWtNFBDBLBCDEFGHFFHIEsLJICLFTHBUKHEXFKITFDEZ[DEW\[CLFIEDEUL

wxHXgog|pDEWyg�7z>THBKDUIVQRHEXFBCLEXBKIJ]̂ _̀ab�d�>L�VH{DRLEBBID{DUVVG

|p|
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TaRv_fZRQ[ZT̀_UTaRb{XW[|{sVTaXS_̂fQVWe\TURWeTa_̀}~���h�j�pCOl��
X̀TRUR�SVTXTV_W_̀TaR\sVTSaVWefXTSapr[XfTR[Ù_d�vXQ���p

eU_̂W[\TXTRf_f̂QXTV_W_̀�p��tVUT̂XQfa_T_W\pbV�RsV\RO�f\X̀TRUfa_T_[_fVWe

TaR\sVTSaVWefXTSaR\O]_Taf_QXUVT_WUR\_WXWSR\aXtR`̂QQ�tXWV\aR[OsaVQRTaR

]XURS�SQ_TU_WUR\_WXWSRURdXVW\̂WX�RSTR[��Vepxp�C�puaR\R[XTXXURTaRZU\T

[Rd_W\TUXTV_W_̀\sVTSaVWe[RRfY\TU_WeS_̂fQVWeVWeRWRUXQOXW[VWfXUTVŜQXU]�

_fTVSXQdRXW\XW[_WXW Q̂TUX̀X\TTVdR\SXQRp

@9qHDHN;CDJB�7HF

�R�TOsRsVQQR�fQ_URa_sTaRTUXW\VTV_WÙ_d[RRfY\TU_WeS_̂fQVWeT_̂ WS_̂fQR[

d_[R\TX�R\fQXSR_WX\̂]S�SQRTVdR\SXQRpuaRUR̀_UROsRfa_T_R�SVTRTaR\XdfQR

��\sXT�� hi��OsaRURTaRRQRSTUVSZRQ[_̀TaRuvwf̂Q\RaX\VT\dX�Vd̂ d

��Vepxp�B�puaRf̂dfYVW[̂SR[SaXWeR��h������� ¡¢£¤¥�UR[ŜUtR�RdRUeR\VWTaR

ZU\TaXQ̀YS�SQR_̀TaR_\SVQQXTVWeZRQ[OVWSURX\R\VWXdfQVT̂[RXW[]RS_dR\S_dfXUX]QR

T_�[̂UVWeTaRTUXVQVWe_\SVQQXTV_W\��¦ijkf\�OX\TaRf_QXUVT_WUR\_WXWSR\XUR

\̂ffUR\\R[p

r\�\TRdXTVS\SXW_̀��X\X̀ ŴSTV_W_̀����Vepxp�q�URtRXQ\S_dfQR�\sVTSaVWe

[�WXdVS\XQ_We�h��� X\TaRR�SaXWeR_̀RWRUe�]RTsRRWQVeaTXW[dXTTRUV\
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ts�



�����������	
�������������	���������

���������������� !"#�$�%�&�'� !!())*��+',-.����+-%%�)/-��)�--�0123-(

�'�-)+�00���-�/�%�-�-(�'�0-*�%/-0�%��-��-��&)'-*+�)���������'�)�%-��01

�-�,����4���+����%�-(�'�/%-+�))�

��%�'�%��)+�))�-�)-(�'����%�1�1����+)����'��%%-%�)������-�+��4�(-�����

5$�02!&$�02 6�

7898:;<="><?@=>A"BCDE"=FAGB?E=BFEFFEH

I�-%��%�-��J���)��'����)��1-(K�%���0/'-�-�)�'��+��4����������%����

�-�,����4���+)*��+',-.-(�'�+-�/0���&��+'�/��%L&*���K�0-/�����*��J���001

+-�/�+�%�)-���-%��)����4����%M1#*��'-K�%-��K�%���0/'-�-�&/�%%�)-���-%�

N��&�-%�0��)��'�)�K�%���0/'-�-�)&*������-+-�4����'�%�)-���-%)�%�+��%�

*��'�'�)*��+'�����)������-�)�%�������'�)+'�/��%�

O-+-��������J���)����'�K�%���0/'-�-�-��/��-(�'�)�%�+��%�&*��--��

)��/(�%�'�%��-/����P����'�)*��+'�����+'���)��Q)�'�0��'�,�����%+-�/0���

��R�)/0�+����'�%���-�-(�'�)�%-���)�S�0���'��+�����&�/-�)*��+'���-.

�'�+-�/0���&�'�K�%���0/'-�-����))�-��)�J/�+����--%�������(%-��'�%��)

*�00�O'�)&�'�/'-�-�-/��)*��+'���/��+'�)���'�)%���-�*�00��/��%�'����))�-�

-(�'�%�0��)��/'-�-�)���-�'�(�%S�0�&�)�'�/��+'*�00%�M�+�-%�4)-%4�'���

O-%��-K��'�)-4)��+0�&*�%���)������'�/0�+�����-(�'�)*��+'���/��+'�)

(-%�'���J���001+-�/�+�4����%M1%�)-���-%�$�%�&�'�)*��+'���/��+'�)�-

0-���%��%�+�01T��)�40�U�'�+�/�+���K���/&4���%�%�/0�+��41)�%�/�)/�%�00�0

�-�'��-0�)�%�/�)��V,��%�+��-��������  EWX&��)'��0���)#�Y/-�/'-�-�-/���

�'�)�%�/�)T)'-%�U�'�%�)-���-%)��Z,��%�+��-����&�++-%�����-S����,�0�����

(%�[���+1,�-����)���0���-�)&�0)-%�)�0����+-00�/)�-(�'�\]�-���O'�)�%-��

���%,S�0���'��+�����-(�'�(���������0\]%�)-���-%�-�����'�+�/�+���K�

��/�������  E���"&40�+R+�%K�#�)%���+��41̂ 2341�+��K������'�)*��+'���

)�%�/�)�������  X���"&%��+�%K�#�O'�+-00�/)�-(�'�\]�-���)�0)-�K�����

���'�(�%,S�0�%�)/-�)�-(�'�%�)-���-%�%%�1�������  _#�$�%�&�'�/%-�-��+��

�%��)��))�-���J�������'�%�)-���+�(%�[���+1-(�'�\]�-���)�4)������'�

�%��)��))�-������(��%)*��+'����]-��%�%1�-/%�K�-�)%�)-���-%)&'�%��0)-�'�

'��'�%̀ a�-���))����S+���01%���+������/0�����41bc3����J/�%���+�)�

%�)-���+�(%�[���+140��)'�(�41Lc3�O'�)4�'�K�-�%�)�+���0014���S+��0&�)

 !̂



����������	�
����
�������������
��������
���

����������

��� � ��

���� 

�

!�

"�

#$
%
&
#'
$
(

)

��� � ��

���� 

���

�

��

*
��
�
 

+

� ! ,

-�./0 

�1�

�1!

�1"

�12

�13

4

5

67

89

��� � ��

���� 

���

�

��

:� ��
#$%&#'$(

� ��
#$%&#'$(

;<=>?@ABCCDE>FF@?GH?@IJKLFJ?M@NOP?JMN@IQ@RJ?@LKOLRF@?PSJFJ@TU
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[c̀]ef�\]̂|Y|fg̀fl[Ỳ]̀\b�̂ecdtfe]\YZjac]c̀|~
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