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The possibility of hybridizing collective electronic motion with mid-infrared photons in so-called surface polaritons has redefined the limit for nano-optical circuitry. In graphene, surface polaritons have been extensively studied as they provide a link between electronic motion and light, leading to strong light-matter coupling with extreme light confinement. To achieve ultrafast polaritonic logic, surface plasmons have been successfully modulated in gapless graphene. The absence of a finite bandgap, however, inhibits good switching contrast.In this thesis, the femtosecond photo-activation of a hybrid interface polariton is observed in real space, for the first time. The polariton is created in custom-tailored black phosphorus/silicon dioxide heterostructures, where the semiconductor black phosphorus features key advantages for ultrafast switching. Using a worldwide unique ultrafast near-field microscope, the polariton is traced in real space and frequency during a complete switching cycle. Intriguingly, the energy and momentum of the polariton remain almost constant throughout this time, which is a very favorable property for future device integration. This is in stark contrast to the behavior of pure surface plasmon polaritons, where a distinct change of the dispersion due to carrier recombination is expected. The unusual dispersion of the investigated heterostructure originates from the coupling of surface plasmon polaritons in black phosphorus to surface phonon polaritons in the surrounding silicon dioxide. From this hybridization the novel phonon-plasmon polariton mode originates, which inherits the high tunability of its plasmonic part and the long propagation distances of the phononic contribution. Finally, the advantages of the hybrid mode are outlined also in terms of potential device integration. In this context, the potential of two other material systems for future opto-electronic devices is elucidated. The strain-tailored, prototypical phase change material vanadium dioxide might serve as a future information storage and the protected surface states of topological insulators could lead to polariton logic with strongly reduced damping.Cover: An optical near field (golden vortex) launches polaritons (waves) at the interface between silicon dioxide (top) and black phosphorus (bottom). The distortion of the silicon dioxide atoms visualizes the interacting phonons in the material.
Femtosecond mid-infrared nanoscopy
of photo-activated interface polaritons
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gXT�̂T̀ibTmn

ĝ̀ iYbf̀abqTXdTmnopbmÙd̂VUXgXT�̂T̀ieifXXTmWf̀amYfYpTYXÙmqTXmTfWYbiUV\o�_
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YfYpTo�Wpf̀f̀ gXT�̂T̀ienopTmTif̀aÙd̂VUXgXT�̂T̀iefgb̀YTXTmYbmUYs����
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 rpTXTYpTabTVTiYXbiĝ̀ iYbf̀ iXfmmTmkTXfUmTif̀aYbcTnopbmgXT�̂T̀ie

ifXXTmWf̀amYfYpTVf̀dbŶab̀UVfWYbiUV\j�_Wpf̀f̀ gXT�̂T̀ie����s���vwn
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!���� ���!�� ��'��� �%'��������%;�� �#�����+

:��������''����������&����� �'���'����$����������#� ��'��!��������

������'�!#����������������'�$��'��'�+-��'&�$�!����'#�����������'����'�

=������&���'���!������ ��'���)���!�'��$�'������'#�$��>&��!��� ��&'���
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TNMPUVWRKVWRIOKXYGZM[\KLIOPLOIQRSTONUTNMPUVWRKVWRIOKMNR[]LWQIQ\N̂[QK̂[
?_M\MVLQ\SIR̀ IQSQIQ[PQab̂cdeX?GfQP̂VIRPMNNMLL̂PQRSTNMPUVWRKVWRIOK̂[PNO\̂[]
LWQŴ]WKJ̀ Q̀LIJVR̂[LKgM[\bM[\LWQPIJKLMN\̂IQPL̂R[KhiM[\jX

hWQKQSIQQPMIÎQIKk̂NNTQPIQMLQ\[QMILWQgVR̂[LRSLWQZÎNNRÔ[lR[QmVNRLLQ\

[̂n̂]XoXpPqM[\SRÌ MVNMK̀MXr[QPM[LWQIQSRIQMKK̂][MVNMK̀MSIQsOQ[PJLR

LWQKJKLQ̀_M[\LŴKVNMK̀MSIQsOQ[PJPM[QMK̂NJQ[LQILWQ`̂\t̂[SIMIQ\KVQPLIMN

IM[]QLWM[UKLRLWQK̀MNN̂[tVNM[QQuQPL̂vQ̀ MKKQK̂[LWQ̀ MLQÎMNmQNQPLIR[̀ MKKQKw

xyz{|}~}���x�_xyz�|�~���x�M[\WRNQ M̀KKQKwx�z{|}~}���x�_x�z�|

}~����x�_kWQIQx� K̂LWQTMIQQNQPLIR[ M̀KKa�M\�deM[\LWQM�QKMIQPWRKQ[

MPPRI\̂[]LRn̂]XoXpMqX�PPRI\̂[]LRKQPL̂R[oXcXo_LŴKVNMK̀R[PM[WJTÎ\̂lQk̂LW

LWQ̀ \̂t̂[SIMIQ\IM\̂ML̂R[RSLWQVIRTQVONKQKM[\MKOISMPQVNMK̀R[VRNMÎLR[PM[

TQNMO[PWQ\TQNRkLWQL̂VRSLWQ[QMIt�QN\̀ P̂IRKPRVQXhWQKQVIRVQIL̂QK̀ MUQTNMPU

VWRKVWRIOKMVIR̀ K̂̂[]PM[\̂\MLQSRILWQONLIMSMKLKk̂LPŴ[]M[\PR[LIRNRSKOISMPQ

VRNMÎLR[KX

nOILWQÌRIQ_LWQ̀ MLQÎMNSQMLOIQK̀ RIQvQIĴ[LQIQKL̂[]VIRVQIL̂QK_kŴPWPR̀ Q̂[

WM[\JSRIVRNMÎLR[̂PKLO\̂QKM[\MVVN̂PML̂R[KXhWQ̀ RKLRTv̂ROKVR̂[LRŜ[LQIQKL

K̂LWQKLIR[][̂tVNM[QM[̂KRLIRVJRSLWQ̀ MLQÎMNa�̂Mcd_�M\�deX�PNRKQINRRUML

LWQTM[\KLIOPLOIQ\̂M]IM̀ [̂n̂]XoXpTIQvQMNKLWMLLWQLkR[̂tVNM[QM�QKRSLWQ

M̀LQÎMN\̂uQITJMǸRKLR[QRI\QIRS̀ M][̂LO\Q[̂LWQ̂IQuQPL̂vQ M̀KKQKXhWQ

IQKONL̂[] [̂QsOMN̂LJRSLWQ\̂QNQPLÎPSO[PL̂R[K[̂LWQLkR\̂IQPL̂R[KPM[NQM\LR
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>?@ABC DEFEGHIJK@ILMNOK?PCBCJQQRNSK?TCJM?NJIUTIQCB?IUME VWX
YZ[\]Ẑ_ à]bẐWX[XcdZbèf_gWehi[X__X_ àYjZhi Ŵ̀_̂Ẁbf_k̀[Xg̀ ldXjZmn
Xb_Z[\YfjiocZ[\_XjXhgX\p̀ [̀jZmXbgbZ[_egè[pXgZj\ehWZjh̀]X[e\X_kVqrs_oe_
\X̂ehgX\tuXvgg̀XZhW\ZgẐ è[ge_gWXh̀bbX_̂ [̀\e[]jegXbZgfbX_̀fbhXab̀pwWehW
gWXdZjfXwZ_gZiX[tx̀bYjZhî Ẁ_̂Ẁbf_gWXdZjfX_ZbXab̀pyzWZ{|c}Z[{~�tx̀b
gWXgbZ[_egè[pXgZj\ehWZjh̀]X[e\X_gWXbXaXbX[hX_ZbXysWX{|c�X{|cqZi{�c�̀_{��t
�[_Xg_��hWXpZgehYZ[\_gbfhgfbX_̀a]ẐjX__]bẐWX[XkjXagoZ[\Z\ebXhgYZ[\]Ẑ
_Xpeh̀[\fhg̀bkbe]Wgot

[Xw Ŵm_eh_cwegW [̀XXvhege[] b̂̀_̂XhgYXe[]gWX\ebXhgè[Zjp̀ \X_̂jegge[] à

_fbaZhX^̀jZbeg̀[_tq b̀X̀dXbcYXe[]ZdZ[\Xb�ZZj_jZmXbX\pZgXbeZĵfg_YjZhi

Ŵ̀_̂Ẁbf_e[gWXhZgX]̀bm àpZgXbeZj_wWehWhZ[YXXvàjeZgX\f_e[]gWXaZp̀ f_

_h̀ghWngẐXgXhW[e�fXe[egeZjjme[dX[gX\àb]bẐWX[Xyùd�~cs�{|Y�tVWe_hjZ__̀a

gẁn\epX[_è[ZjpZgXbeZj_e_hfbbX[gjmgWXàhf_̀ae[gX[_X_heX[gelhe[dX_ge]Zgè[cZ_

gWX_X_m_gXp_Zjj̀w [̀Xg̀h̀[_gbfhg_e[]jXZg̀pehjZmXb_̀agWXh̀p̂ f̀[\_gWZgZbX

_gZYjXZ[\e[XbgtVWXjZhì a\Z[]je[]Ỳ[\_e_Z]bXZgZ\dZ[gZ]XàbgWXaZYbehZgè[

àdZ[\Xb�ZZj_WXgXb̀_gbfhgfbX_ f̀g̀ a\e�XbX[gpZgXbeZj_ [̀gWXZg̀pehjXdXj

y�Xe{��t�[XhZ[gWXbXàbXf_XYjZhi Ŵ̀_̂Ẁbf_Z_Z ĵZ_p̀ [ehpZgXbeZje[_e\XZ

jZb]Xb_gbfhgfbXwWXbXgWX_fbb̀f[\e[]_wejj_gb̀[]jme[�fX[hXgWX̂ j̀Zbeg̀[p̀ \X_

Z[\jXZ\g̀ [Xw Ŵm_eh_cZ_e_gWXhZ_Xe[gWe_gWX_e_t�\\egè[ZjjmcegWZ_YXX[

_Ẁw[gWZggWXYZ[\]Ẑ àYjZhî Ẁ_̂Ẁbf_\X̂X[\_̀[gWX[fpYXb̀ajZmXb_e[gWX
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:DEFGHIJKLHJGMNOGPGQRHPSIHSPGIKTRURHUTVKLWTXRUMUIKTQUKYUQGZEU[\]̂_MNIF
J̀KR̀JKPSRZab]cNFGRKLJGUVJHRKTHJGKPQGPKLdeeTXKTNEU[\IKfGPGQRUMUIKT
ZEU]gNLGPhiDEIJGXNHUIKLHJGGỲGPUXGTHNMǸ P̀KNIJhjJGcNFGRNPGUTfGRHUk
VNHGQSRUTVNTGNPklGMQXUIPKRIK̀GgUHJ P̀K_G S̀MRGRUTHJGXUQkUTLPNPGQZmno]
gJUIJNPGRINHHGPGQKpNTNHKXUILKPIGXUIPKRIK̀OHÙhjJGRNX̀ MGURGYIUHGQgUHJ
TGNPkUTLPNPGQZqno]̀SX̀ S̀MRGRh

MUNHUKThrKPRSIJcNFGJGUVJHR̂HJG̀ JORUINM̀PK̀GPHUGRKL_MNIF J̀KR̀JKPSRINT_G

NRRSXGQHK_GUQGTHUINMHKUHR_SMFLKPXhjJGPGLKPĜHJGcNFGRJNfGN_NTQVǸ KL

PKSVJMOehsGt̂ RSIJHJNHHJGTGNPkUTLPNPGQ S̀X̀ S̀MRGIGTHGPGQNHNgNfGMGTVHJKL

dWueTXZ̀JKHKTGTGPVOvehwGt̂ _MSGgNfGLKPXUTrUVhshd_]INTQPUfGUTHGP_NTQ

GYIUHNHUKTR̂UTQSIUTVNLPGGINPPUGPQGTRUHOUTHJGRHPSIHSPGNTQRgUHIJUTVUHHKN

RHNHGHJNHRS̀ K̀PHRRSPLNIG̀ MNRXKT K̀MNPUHKTRhjJGXUQkUTLPNPGQ P̀K_G̀ SMRGRZPGQ

gNfGLKPX]INTHJGTGYIUHGN K̀MNPUHKThjJGXUQkUTLPNPGQQÙKMGKRIUMMNHUKTKLHJG

IKS̀MGQHÙkRNX̀ MGRORHGXQG̀GTQRTKHKTMOKTHJGXNHGPUNM̀PK̀GPHUGRSTQGPTGNHJ

HJGHÙ̂ _SHNMRKKTUTHGPLGPGTIG_GHgGGTQUPGIHGYIUHNHUKTNTQ K̀MNPUHKTRHJNHJNfG

_GGTMNSTIJGQ_OHJGHÙ̂ P̀K̀NVNHGQHKHJGGQVGKLHJGRHPSIHSPĜPGcGIHGQ̂NTQ

HJGT̀ PK̀NVNHGQ_NIFHKHJGHÙhjJGHKHNMQÙKMNPPGR̀KTRGURRINHHGPGQUTHKHJGLNP

lGMQZPGQKSHVKUTVgNfG]gJGPGHJGMKINMTGNPklGMQIKTHPU_SHUKTINT_GQGIKS̀MGQ

LPKX_NIFVPKSTQRINHHGPUTVSRUTVQGXKQSMNHUKTHGIJTUxSGRZRGGǸ G̀TQUYyhz]hjK

P̀GfGTHQGVPNQNHUKTKLHJGRNX̀ MGR̂NTNQQUHUKTNMIKfGPMNOGPKLWTXRUMUIKTQUKYk
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7DEFGHIJKLHIMNOINFPHLJQRNSGTR
TRGRMNOGMUIGUMRV WDXYZ HLJQR
NSGTRJMRJLJM[R\H]7OTN̂H]Q
GTRTNLNQR]RNUOTRHQTGNSGTR_J[R
J]\GTROTJMFR\QROV T̀RIHMIKRHO
JLJM[RMGNH]\HIJGR T̂RMRRaFRMHb
LR]GOKJGRMN]H]GTHOGTROHOJMRFRMb
SNMLR\VcIJKRdJMefgLV

H\RTJOdRR]OFUGGRMR\N]GNGTROJLFKRUOH]QJ]JMQN]FKJOLJ ĤGTJFMROOUMRNS

hijklmnoLdJMJ]\JMJ\HNSMRpUR]IPFN̂RMNSqrsV̀ TRGTHI[]ROONSt]LTJO

FMNuR]GNdRH\RJKSNMNUMLRJOUMRLR]GOvJON]N]RTJ]\HGHOGTHI[R]NUQTGNFMRb

uR]G\RQMJ\JGHN]SNMORuRMJKLN]GTOJ]\N]GTRNGTRMTJ]\HOGTH]R]NUQTvOUIT

GTJGNUM]RJMbwRK\FMNdRIJ]OGHKKMRONKuRSRJGUMROSMNLGTRdKJI[FTNOFTNMUOKJPRMV

YUMGTRMLNMRvOHKHIN]\HNaH\RHGORKSHOJ]H]GRMROGH]QLJGRMHJKJOHGIN]GJH]OJFTN]N]

dJ]\H]GTROFRIGMJKMJ]QRNSGTRRaFRMHLR]Gv̂ TRMROUMSJIRFTN]N]FNKJMHGN]OIJ]

SNMLV̀ TRH]GRMJIGHN]NSGTRORLN\RÔ HGTGTRGMJ]OHR]GOUMSJIRFKJOLN]LN\ROH]

GTRdKJI[FTNOFTNMUOKJPRMHOJ[RPOUdxRIGNSGTHÔ NM[J]\KRJ\OGNH]GMHQUH]Q]R̂

SRJGUMROH]GTR\HOFRMOHN]NSGTRINLdH]R\FNKJMHGN]V

XGPFHIJK_J[RHOFMROR]GR\H]YHQVyVfVX]HLJQRNSGTR_J[RU]\RMJ]NFGHIJKLHb

IMNOINFRHOOTN̂]H]YHQVyVfJV̀ TROGMUIGUMRHO]NGdKJI[JON]RLHQTGJOOULRSMNL

GTR]JLRNSdKJI[FTNOFTNMUOdUGMJGTRMMNORzFH][bINKNMR\ ĤGTONLRPRKKN̂zQMRR]

RaIRFGHN]OJGGTRKN̂RMKRSGOH\RV̀ TRORINKNMOJMRGTRMROUKGNSGTH]bwKLH]GRMSRMR]IR

NSKHQTGH]GTRuHOHdKROFRIGMULH]OH\RGTRLUKGHKJPRMOGMUIGUMRV{RFR]\H]QN]GTR

RaJIGGTHI[]ROONSGTR_J[Rv\H|RMR]GINKNMOJMRNdORMuR\V̀ TRFH][INKNMHOGTRMRdP

ITJMJIGRMHOGHISNMJTRHQTGN]GTRNM\RMNS}rr]LV~]uROGHQJGHN]NSGTROJLFKRH]NUM

]RJMbwRK\LHIMNOINFRJKKN̂OSNMJLNMRRaJIG\RGRMLH]JGHN]NSGTROGMUIGUMR�OTRHQTG

FMNwKRV̀ TRdUHKGbH]JGNLHISNMIRLHIMNOINFPIJFJdHKHGHRONSGTRLHIMNOINFR\HMRIGKP

OTN̂ GTRGNFNQMJFTPNSGTR_J[RJGORKRIGR\KNIJGHN]OV~]YHQVyVfdvJGNFNQMJFTHI

LJFHOOTN̂]NSGTRMRQHN]dNU]\R\dPGTRdKJI[dNaH]GTRNFGHIJKHLJQR�YHQVyVfJ�

ĤGTGTRTRHQTGINKNMbIN\R\JOJSU]IGHN]NSGHFFNOHGHN]V̀ TRIN]GH]UNUOLJQR]GJ

INKNMJIMNOOGTRLJxNMHGPNSGTR_J[RH]\HIJGROGTJGGTR_J[RTJOJuRMPTNLNQR]RNUO

TRHQTGNS}}r]LJIMNOOGTRH]uROGHQJGR\JMRJVE]KPJGGTRKRSGJ]\GNFR\QRvGTRMR
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9:;<=> ?@?@AB<CDE:FG<H>G HIJF;>
KL KI> MHJKK>=>G F>J=EN>OG :FK>FE
M:KPLFKI>M<QMK=JK>JFGKI>I>KE
>=LMK=<HK<=>@ RST UVWXXTYTZ [\Z]
\̂_YWYTZ T̂WY]̀TaZ\̂XT̂U\Xbcd\UeafXXTZ
WUW_ĝVX\f̂ f_eg[e]eYfhTZTaWbX\[T
f̂ XSTUghUXYWXTihagTef\̂XUŴZa\̂TjŴZ
_fYXSTUefXf̂XSTSTXTYfUXYgVXgYT[WYkTZ
\̂l\mnonpihaWVkef\̂XUŴZa\̂TjnRST
U\m̂Wa\Û fY[Wa\qTZXfXSTrWagTUWX̂ Tm]
WX\rTZTaWbX\[TUistt u vweUjnx̂UTXy
zŴZUXYgVXgYTf_hgakhaWVkeSfUeSfYgU
_Yf[l\mnpn{hn|YŴmTWYYf}UUSf}}STYT
XSTeg[eegaUTUVŴ VYTWXTTaTVXYf̂ SfaT
eW\YUihagTŴZYTZUeSTYTUj~}S\VSUghUT]
�gT̂Xab[frTXf}WYZUXSThŴZT�XYT[W
ZgTXfVWYY\TYVffa\̂mihaWVkWYYf}Ujn

Waaf}UgUXf�gŴX\_bXSTeSfXf]\̂ZgVTZVSŴmTn�XWYT_TYT̂VTefU\X\f̂ f̂ XST

UghUXYWXT~̂fVSŴmT\U[TWUgYTZihagTef\̂XUjn�f}TrTY~f̂ XSTSTXTYfUXYgVXgYT

ihaWVkef\̂XUjWUXYf̂m[fZ\̀VWX\f̂ hbW_WVXfYf_�onwWeeTWYU_faaf}\̂mXST

eg[eT�V\XWX\f̂nRSTf̂UTXf_XSTU\m̂WaSWUWY\UTX\[Tf_o{�_Ui_Yf[p��Xf

{��f_\XU[W�\[g[j_faaf}TZhbWUaf}TYZTVWbXSWXZTVYTWUTUXfĝ\XbW_XTYweUn

�ghUT�gT̂Xab~XST\̂XT̂U\XbZYfeUhTaf}XSThWUTa\̂TŴZXWkTUYfgmSabp�eUXf_gaab

YTVfrTYXfXST\̂\X\WarWagTîfXUSf}̂jn|̂ W[\VYfUVfe\VaTrTa~XSTeg[eegaUTU

\̂ZgVTTaTVXYf̂]SfaTeW\YU\̂XSThaWVkeSfUeSfYgUiUTThagTŴZYTZUeSTYTU\̂XST

\̂UTXf_l\mnonojn�gTXfXSTU[WaahŴZmWe\̂ hgakhaWVkeSfUeSfYgUi�noT�j

ŴZXSTVf[eWYWhabS\mSeg[eeSfXf̂ T̂TYmbi�n{T�j~XSTVWYY\TYUWYT\̂�TVXTZ\̂

UXWXTU_WYWhfrTXSThŴZmWeifYŴmTWYYf}U\̂XST\̂UTXf_l\mnonojXSWX_TWXgYT

YTaWX\rTabaWYmTT�TVX\rT[WUUTUnRSTUghUT�gT̂X\̂XYWhŴZYTaW�WX\f̂ Xf}WYZUXST

af}]T�TVX\rT][WUUUXWXTUWXXSThŴZmWeihaWVkWYYf}U\̂XST\̂UTXf_l\mnonojaTWZU

XfWZTVYTWUT\̂XSTT�TVX\rT[WUUTUf_XSTVWYY\TYUŴZST̂VTXSTVf̂ZgVX\r\Xbf_XST

TaTVXYf̂]SfaTeaWU[W\̂VYTWUTUfrTYX\[Tn�UWYTUgaX~XSTUVWXXTY\̂mU\m̂WaUSf}UW

ZTaWbTZ\̂VYTWUT_faaf}\̂mXSTWYY\rWaf_XSTeg[eegaUT~}S\VS\UXSTYTWUf̂ _fYXST

o{�]_U]af̂mY\UTX\[Tf_XSTeg[e]eYfhTU\m̂Wan�ghUT�gT̂Xab~XSTTaTVXYf̂]SfaTeW\YU

WXXST�ef\̂XiUTT\̂UTX\̂l\mnonoWU}TaaWUl\mnpn{hŴZVjYTVf[h\̂TŴZVWgUT

W[f̂fXf̂\VZTVYTWUTf_XST[TWUgYTZUVWXXTYTẐ TWY]̀TaZ\̂XT̂U\XbĝX\astt��eUn
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�pRaQVP\hVQVRlOXWxZVPUZVPY\UgXxRUXYRRaWXZU\OXQRSTaUTOTWPaSTPwTSRjQVR
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RpRaTaQVR\aRwWTQRSWXURbzTh\YRsbtWUVPiUQVRUZRWQYXOX[ZOTQ\SRXUX_\aWQTPa

P__YR�\RaWeQXxRaPaQVRUZPQWTYWORSTazThbsb�XaSzThbsb�b�aXSSTQTPaQP

QVRVRQRYPUQY\WQ\YRSXQXqlOXWxZPTaQUrQVRUVXYZYRUPaXaWRP_QVRnTmoU\lUQYXQR

qlO\RUVXSTahrXaSQVRhPOSUZRWQY\[qYRSSXUVRSW\YpRrXYRpTU\XOTvRSbzPYOPi

_YR�\RaWTRUjQVRX[ZOTQ\SR_POOPiUQVRUVXZRP_QVRnTmoYRUPaXaWRbdVRYRTUUQTOOX

YRUPaXaWRWOPURQPQVRPaRP_QVRnTmoU\lUQYXQRbuPiRpRYjTQUUVXZRTUaPOPahRY
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jàicklmi_lfǹ cbc_̀
loamechg̀pqlfgk̀mlcer̀
a_lj̀sqbtc_̀ f̀lkùmg
jilcc̀k̀g bv c_̀ _̀cd
k̀bjckhichk̀ ejambcc̀gw
_̂̀ glcllk̀fbkolmex̀g
cbc_̀ rlmh̀jlcahoad
akbỳ g̀mlzceò {|| bt
d}~ajlfglk̀ cl�̀flc
c_̀ abjecebfolk�̀gef
�enw�w�w �ggecebflmmz�
c_̀ ihkr̀jlk̀ bvj̀ctbk
imlkeczw

�~ajltc̀ka_bcbd̀�ieclcebflfzi_lfǹj�ec_k̀jàiccbc_̀ �̀hemeykehok̀jabfj̀

_lr̀ lnlefg̀ilz̀g��_ei_ejefàkt̀iclnk̀̀ ò fc�ec_c_̀ ceòjilm̀jbyj̀kr̀gef

c_̀ efc̀fjeczdk̀jbmr̀gahoadakbỳ ò ljhk̀ò fc��enw�w��w

�jlibfj̀�h̀fìbtc_̀ c�bbaabjec̀ v̀̀icjbt̀f_lfìò fclfgjhaak̀jjebfefc_̀

gev̀k̀fck̀nebfjbtc_̀ jàickhoc_̀k̀ejbf̀ efc̀kògelc̀tk̀�h̀fiz���lc�_ei_

c_̀ ahoadefghìgi_lfǹ ejx̀kb�eẁwc_̀ gereg̀gjàicklj_b�lrlmh̀ bt}�ŵ _ej

abefcj_etcjtkbo��w�̂ �xlc{||��hacb��w�̂ �xlcc_̀ ol�eohojenflmbtc_̀

ahoadakbỳ jilf�eẁw{||����tj�lfgjhyj̀�h̀fcmzk̀gj_etcjtbkefik̀ljefng̀mlz

ceò gb�fcb��w�̂ �xlc{||��ajw�hi_lỳ_lrebkejczaeilmtbklk̀jbflfìme�̀

c_̀ amljoltk̀�h̀fizj_etcefnefcbc_̀ akbỳ jàickholfgyli��ljecm̀lgjcblf

f̀_lfìò fcỳmb�c_̀ k̀jbflfì lfgljhaak̀jjebflybr̀ �j̀̀ ��ej}��bk��ej}��

tbkobk̀g̀clemj�w�b�̀r̀k�c_̀ aeffefnbtc_̀ ol�eoho f̀_lfìò fclcljefnm̀

tk̀�h̀fizbt���̂ �xejhf̀�àic̀glfglfbc_̀kefgeilcbkc_lcc_̀ a_bfbfefc_̀

�e��mlz̀kj_lr̀lflggecebflmeoalicbfc_̀abmlkecbfeiobg̀btc_̀jzjc̀oŵ l�efn

c_̀ hf̀�iec̀gjàicklbt�e��lfgc_̀ _̀c̀kbjckhichk̀ efcbliibhfc�c_̀ a_bcbd

licerlcebfj̀̀ ojcbjck̀fnc_̀fc_̀ k̀jabfj̀imbj̀cbc_̀ �e��a_bfbfk̀jbflfì�

�_ei_ejjhaak̀jj̀gefc_̀ hf̀�iec̀g_̀c̀kbjckhichk̀w
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UWIKRHJKLIMZ[\]NIORMÛPUSWSTPHIJKLIMOUWRJQNUWXPHIOUXWSTPHINUIJIRPMUR
TQWRPUSWO_Z \̀aSPIWPUKJUWPIMTKRIOKPbHURHOQMTKRI ŜJKMUPSWORKWTSMcUWPHI
QWIdRUPINOPMQRPQMIZ?\eHKWXIPSPHÎ SJKMUPSWRSĉ SOUPUSWQ̂SŴ HSPSfIdRUPKPUSWZ

TQWRPUSWOKRMSOOUWPIMTKRIOZghQKPUSWOIPiZjiOPKPIOPHKPTSMPHIIdUOPIWRISTK̂ Sf

JKMUPSWkPHIPbSNUIJIRPMURTQWRPUSWOWIINŜ ŜOUPIOUXWOKWNPHIWIXKPUYISWIcQOP

lIJKMXIMPHKWPHÎ SOUPUYISWIUWKlOSJQPIcKXWUPQNIZ]OKmMOPK̂ M̂SKRHkbIRKW

QOIPHUOUWTSMcKPUSWPSPMIKPIKRHUWPIMTKRIUWSQMHIPIMSOPMQRPQMIOÎKMKPIJLKWN

RHIRVbHIMIOQMTKRIlSQWNcSNIORKWIdUOPZnWoUXZpZjqKkPHIJKLIMOKMIOHSbW

ORHIcKPURKJJLKWNIKRHJKLIMHKOlIIWKOOUXWINKOUXWSTPHINUIJIRPMURTQWRPUSWTSM

PHIQWIdRUPINRKOIZGHINUIJIRPMURTQWRPUSWOSTKUMKWNOUJURSWKMIrKPUWSQMÔIRPMKJ

MKWXIKWNKJbKLÔ SOUPUYIZoSMPHIOUJURSWNUSdUNIJKLIMOkK M̂ScUWIWP̂ HSWSWMIOf

SWKWRIHKOlIIWcIKOQMINUWPHIÔIRPMKJlKWNbUNPHSTPHÎ MSlÎ QJOIOZsIPbIIW

PHIGtKWNut ĤSWSWTMIhQIWRUIOPHINUIJIRPMURTQWRPUSWUOPHIMITSMIWIXKPUYIZ

]cSNIJNUIJIRPMURTQWRPUSWlKOINSWJUPIMKPQMIMITIMIWRIOUOOHSbWUWK̂ ÎWNUdek

UWRJQNUWX̂ URPSXMK̂HOSTPHIRHKMKRPIMUOPURcSPUSWSTNUvIMIWP̂HSWSWcSNIOZwSNf

IJUWXPHIlJKRV ĤSÔHSMQOKOKxMQNIcKPIMUKJbUPHYIMLTIbTMIIRKMMUIMOJIKNOPS

K ŜOUPUYINUIJIRPMURTQWRPUSWUWSQM̂ MSlIlKWNbUNPHUWPHIQWIdRUPINRKOIZoMSc

PHUOIOPUcKPIKWNbUPHSQPNIPKUJINRSWOUNIMKPUSWbHIPHIMPHINUvIMIWRIlIPbIIWPHI

NUIJIRPMURTQWRPUSWOUOJKMXIIWSQXHkPHIUWPIMTKRIObHURĤ SPIWPUKJJLOQ̂ ŜMPOQMTKRI

bKYIORKWlINIPIMcUWINKWNKMIOHSbWUWoUXZpZjqlZnWPHUOORHIcKPURPHIbKYIf

JIWXPHOkcKXWUPQNIOKWNMIJKPUYI ĤKOIOlIPbIIWPHIcSNIOKMIWSPPSORKJIlQP

OIMYIPSYUOQKJUyIPHIRSWRÎPZ]ORKWlIOIIWkOQMTKRÎ HSWSW ŜJKMUPSWOKMÎ SOOUf

lJIKPIKRHzUt{UWPIMTKRIZaMSlUWXSWJLPHIWIKMmIJNOKPPHIOQMTKRIKWNHKYUWXPHI
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_���'�����&��"*��1�����&���+�� *���������2���]:�+�����&�:�&�& !���

��&�@�� *�$��(���+�����&� �̂��$� !�������@��!����+��������(����+����"

�$ ����� ���%����*���������@+�����%]����,-��$���"� !����$������+��������%

���]:�+� $��� �! �+�;�������&� �̂��$������ 1���.�",/,0̀�,3��:��$��+

!� &��� �%'�����������%��]���+�$������+��� ������������ � !���*�;����%��

�� � �$ ����*��� ��1�����$������"���̂���$�4��+�����! ������&�!��#���$%5,
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PhYSPZ\UTYWaPhh̀_à b_SQXSWnoO[VSZPWOSZh[QSWpcmOSZPVP[QdoSYSVPlSQPV
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VOSXYSPV[TQTUVOSO\�Y[ZaTZShSPZWVTPYS�T_QZTUVOSWXPVVSYSZ[QVSQW[V\c�V

Pb_SQXSTUzc��a}~Xa�VOS[QXYSPWSTUVOShToUYS�_SQX\XTà TQSQVWPWWTX[PVSZ

o[VOVOS��� �YPQXOPQZVOSO\�Y[ZaTZSOPgSXTà SQWPVSZUTYVOShTWWTUVOS
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O\�Y[ZaTZSo[VOT_VZPaPR[QRVOSOSVSYTWVY_XV_YSWc

�[QPhh\�VOS̀ _à b_SQXSPQZOSQXS[QZ[YSXVh\VOS̀ hPWaPUYS�_SQX\XPQ�SSẁSY[k

aSQVPhh\h[QlSZVTVOSPgSYPRSZ[Qk̀hPQS�kgSXVTYZ[WVY[�_V[TQTUVOSaTZS�\VPl[QR

h[QSWXPQWPXYTWWPW[QRhSbPlSSZRSUTYgPY[T_Ẁ _à b_SQXSWcmOSYSW_hV[WWOToQ

�ShToVOS[QVSQW[V\ ỲT�hSPVP�wSZẀTVTQVOSWPaSbPlS[Q�[Rcyc{��c�QVY[R_k

[QRh\�VOSUY[QRS̀ PVVSYQTQVOSWVY_XV_YSTQh\WSVW[QPVPb_SQXSTU�stu�a}~Xa�c
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�$��!�..#��"��"��0�������456 %"#�!���!��7)�!����,�������)"$#!��.#�'��

%"#�!�-,��!���#"��"�#!���0���8�����"#�.��%#�&*3��,#(�(�!��"&���"�%)����

���"���$#�". .#"0�1���9�0*:*;:%2-.�#&��0��#���"�,#(�.��0����"�#.��#!�#�&

��. #.�'���&�"��#0#����#����!���"��!�.��0���$����.#�'������.$��.�,�"

��#��������$���� %"�&'�&�*

<�#"���0$"�'���#���#"#�!��$���.��0,#(�.��0������"$�"��!��#���"�#���!�#��&

,������� %"�&'�&�#�#/)��!��$=>?@A'BC!'D-#���!"�#�����)'�/)��!�

&������#.��"���,#(�.��0���$����#���"�-#��E��!��&$"�'�"�(��)�'�#�)"�F

'����#�&����" *3���'�#"��0��G#�#"��).��$���%"�#&�"HIF(�!��"&���"�%)����

%�!�'���%(��)�,�����!"�#���0���/)��!�)�������#�)"#����"�0�'�*9"�'����

����������&�J�"���$"��0��#"���. ���#"#��&% #����"�0����$.�,�������� *K

,#������"�����#����.�!#����,��"�����"�(��)��������� '�#�)"�'���,#��#L��

1GM>?@N'2,#�!������)!���#���,#�"�0�������!����"�$���O"������"$�"��!�

$"��0�*3��"�$�"�-#!�#�0���$"��0�,�&��&������!�'�"�'������"��).���$���

�"�(��)�&��!)������$9�0*:*;P#*

K��)''#" -,��#(�������#�����E��"�'���#.O�&��0�!#�%��E�.#���&����F

"���!#.. % ���!"�#�����$#� %"�&������F�.#�'����.#"����*K�����E��"�'���

"�#.��#!�&#�#!#�#!!������HI(�!��"&���"�%)�����$���'�&�,��"�#����!�"#.

'�#�)"�'����#"��������(���������"0 �$�����.#"����*K������E���!����-

%�����!���Q)��,�..%�!�'%���&���%�#��#� ��"���!�"#.'#�-,��!�#..�,�)���

�E�"#!����&����"�����E��"�'���#.. #�&!�'�#"������������"���!#.!#.!).#�����*

RSTSUVWXYZ[X\]̂__̀ âaXbbZ\c]dXeZbWXYbZf\fg

]dXd̀hYZe[feX

3�!�'�#"��������"���!#.!#.!).#�����,�������E��"�'���-#'����&!#..�&� F

��"���!�"#.�'#0��0��)��&��'�#�)"����&����"�����$����%��"(�&'�&�*3��

��!���Q)�"�.���������!��.�!#����F.�L�����"$�"��!��#���"����#�!#�%�'�#�)"�&
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��)#�"�&�#�*+�#&'��(#�!�,���&��!#)#��$���#�-���&'����&&���!��&����&$���#��

&'���&��)������)�������&&���,&'�����&����"���&�!���!�'����&���')��.����$

�����#�!�!�&���'�#��&�������*/�0�&�'#)'#(&'��"������"��&��#�������

%��"���"��&�!��!'#(�&���#(�#��&#������&'��#����&#�!�������#���!����&�!

��1��*2*34*

5'�������&(�$&#��!���&��!&'���#��!�����&#�##0�&'$�������&���"�������

"��&�(�&'���"���&'�&�'#(����)����#����&#�����.����%���"*5'��"��'&%�

&'�����,�*�*,)#����"�����0�����'���(�&'�'��'�������!����&$!��&#����&�#�

�&�&����&���*+�&'�������)�������&&������%����#�-�!%$"#-���&'�&��#-��

��'����$!� ��!�!��,���'&'�&&'�&��"#-��)�#"&'���%�&��&�&#&'���"���

#�-���-����6��!���&�!��1��*2*34�%$�7�0�(�&'��#�#���#!�!)�������&&���

#��&�&#�#����'$8*1���&,�#���!��&'�����('���'$�������&���"������"��&����

���)#�"�!��.���&����$�����"#�#�'�#"�&��������#)����'&�$!�9����&)��.����$)#�

���'����6�#�#��!�����#�!���������1��*2*34�8*:-��$����$���!��!��&��)���&�#�

����&����"���&�!�(�&'���&����$!����!��&��&����&$*/�!�����%�!�����&�#�;*;,

)#����'�����)��.����$�!�9����&��&��)��������&&���#)&'����&&���!����� ��!

��&����&$��#%&����!,('��'�'#(���'����&����&��(�-�����&'<=>!��&#&'�!������

��#�#)&'��#����&#�*?�#&&���&'�������� ��!(�-���&&�������&(#�!�"����#���

��#&���)���&�#�#)@��#��&�#���!)��.����$���!�&#&'��#"���&�'$�������&���

"��61��*2*34%,(�&'&'����A�"������-���#�����#�!���&#���&������)��.�������

'��'���'&�!��('�&�8*5'������'�#�&���������������$��)#�"�&�#��%#�&&'�!���

�����#�#)&'�"#!����&�'#(�&'��#����&#�(�-�����&')#����')��.����$*5#

����&�&'���!�&�&#&'���&���!�������#�,�)��&#�#)&(#'��&#%����#��#��&�!

��&#&'�@��A��,��&'���&���(�-�����&'#)&'��#����&#���&(������#����&'�

"������!(�-�����&'!��&#&'�)#�"�&�#�#)&'��&��!���(�-���&&���6����.���

&�#�;*2;8*/1#�����&����)#�"��#��&'�@��A�������%��.���&�$�#�-��&&'��"���

��&#�����'#)��������(�-�-��&#�BC��!)��.����$61��*2*34�8,('��'��&'�!���

�����#�#)&'�"#!�*+�&'���&���&���,&'�1#�����&����)#�"�!�"�����&$������$

�#&�������&�!,%�&��&'��&'�!#"����&��������(�-�-��&#�BC)#����'"������!

)��.����$���A&���&�!��!�'#(�����#��&#-��&'�#��&�����������&�#��6���'#(�

)#�&'�&'����A�"���"#�#�'�#"�&����������1��*2*34*1#���&���&�����)�������,

���,�*�*DE#�34,F��3G,F��34H8*/��-���!��(%��0#)�����"#�#�'�#"�&��������

IJ



����������	�
��

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

��

���

� �� ��

���

� �  
�

�

!"#$%&'()*(+,%"-."/0&1234/&%5/&.6%70"87#"-#21%9"5/&%5"1-8&75$%&:
8&-65(7;<=>?@=>ABC>DEF>GEHBAIH>?J=BA=EJEFK@L>H@F>DFKABCMAN>D>=BK@L>O
H>=PBCFQFR>B?C>MD>MSPD>>=STHE>U@=MD>FJHL>BC>FB@=MA=PK@L>I@BB>D=FA=BC>
@GIHABEM>@B>@?CVD>WE>=?XF>I@D@B>HXBJ>=MEIKABC@CXI>DFI>?BD@HG@ISJD
J=>?@=EF>@IEHF>MFJED?>QTH@?RA=?JGA=P@=MD>Y>?B>MK@L>VJDGUKABC@TDJ@M
FI>?BDEG@=MG@IBC>FI>?BD@H?C@=P>QIHJBB>M@BBC>BJIJVBC>ZPED>VJD@FA=PH>
BAIIJFABAJ=U@F@VE=?BAJ=JVMAFB@=?>VDJGBC>>MP>JVBC>F@GIH>SPALA=PBC>F@G>
G@I[\;]XIA?@HCXI>DFI>?BD@HG@IVJD@FEDV@?>IH@FGJ=[]C>F?@BB>D>M=>@DOZ>HM
@GIHABEM>AF?JHJDO?JM>M@F@VE=?BAJ=JVIJFABAJ=^@=MVD>WE>=?X_[]C>A=B>DO
V>D>=?>I@BB>D=FVJDBCD>>>̀>GIH@DXK@L>H>=PBCF@D>CAPCHAPCB>MA=KCAB>[.;a
bJEDA>DBD@=FVJDGJVBC>G@I@HJ=PBC>̂ OMAD>?BAJ=D>FEHBFA=BC>MAFI>DFAJ=JVBC>
IJH@DABJ=BC@BVJDGFBC>FB@=MA=PK@L>I@BB>D=[]C>GJM>MAFI>DFAJ=AFBD@?>MTX
BC>G@̀AGEGJVBC>@GIHABEM>@F@VE=?BAJ=JVcdL>?BJD@=MVD>WE>=?X[]C>?JHJD>M
FIC>D>FA=MA?@B>IJA=BFJ=BC>MAFI>DFAJ=>̀BD@?B>MVDJGBC>A=B>DV>D>=?>I@BB>D=F
G>@FED>MKABCBC>BCD>>GJ=J?CDJG@BA?H@F>DF[

AFSCJK>L>DSBC@BBC>X@D>=JB?@I@TH>JVD>FJHLA=PMX=@GA?@HIDJ?>FF>FSFE?C@FBC>

ICJBJO>̀?AB>MTH@?RICJFICJDEFC>B>DJFBDE?BED>FBEMA>MC>D>[]C>D>VJD>S@MAN>D>=B

@IIDJ@?CGEFBT>EF>MVJDBC>FCJDBHAL>MIDJ?>FFK>@D>A=L>FBAP@BA=P[e@G>HXSBC>

GJ=J?CDJG@BA?H@F>DF@D>D>IH@?>MTXEHBD@FCJDBH@F>DIEHF>FKABC@TDJ@MFI>?BDEG

QTH@?RIEHF>CABBA=PBC>BAIA=bAP[f[gh@U[]CAF?C@=P>FBC>K@XBC>IJA=BFA=BC>

CXI>DFI>?BD@HG@I@D>JTB@A=>M[bJD?J=BA=EJEFFJED?>FS@G>@FED>G>=B@BJ=>BAI

IJFABAJ=ZHHFA=@FA=PH>IJA=BJ=BC>̂ O_IHJBQ>[P[bAP[f[ghTU[iJ=L>DF>HXSFA=?>@

jg



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

������������������ �!��"#���$�%�� &���'����&"$���($����)�������$��� "

�"� �"������"�� &� "�� ����"#�� ��$��"�� ����""#��&�""�$� * ��$+,��������+
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� ��"����������� &"�� ��"������"�� 4(�����"#�����#(��$���&"$�����!�"#��"

"#� ���"�&#� *�����$�/.$��"#� � '"#��$�&���$�"���"�� "#������$��� ��

"#���������$"#��� �&#$���"�&���$��&#/7#���8�$� &���'#�!�)�$'"#�""#��

��"#��&� ������&���� ��!�"#����������/9($�&�$�� *#(��$���&"$������

����� &"�� ������+�$�������("���'� �&� "#�������""#�"$� ��� "�����$+

��� ���#�"�+�:&�"���������/7#����$��&#!���$�)�����(����� "#���� ��$� *

!�$;� *$��#� �<=�1>?!#�$�"#�&#� *�"�"#�@$���!��*#"�(&�$$��$#��"� *

!���:��$��� "���(��"�$�� ����$"!�����("����/

.�$"#��:��$��� "�� "#����&;�#���#�$��#�"�$��"$�&"�$�'"#�$���+���&�� ��+

�#�"�-.�*/0/>3� �"#���"$����"���&"$��$���� ��-.�*/0/A3� ��&�"���"$� *&� +

, ��� "��"#�#(�$������$�"� ����� �$�%�� &(� ����� "��/7��:��$�+

�� "���(�&&���"#����������$��� ��"#�"$� ��� "����� �&����$��""�"#��$('

�#(��$���&"$�������$�&�$���$�*#"�""#�����+�$�������("�������:����

&#� *�"�"#��&�""�$��� "� ��"(/7#�$����"��"#������$��� "� �BCD+ �+

"#�&;#�"�$��"$�&"�$����#�! � .�*/0/1>���$�,:�������+�$�������("�����

EFFGHIJ��/

7#��&� !��"�;� �&$����!���+��, ����*�'!�"#"#�����"$�"�"�#�"�$��"$�&"�$�

��$�&"�� &�$$���� �� *"�� &$���� *4/7#�&#� *��$��"#�����"$�"�� "�"#�

#�"�$��"$�&"�$�-�"4GKLMN�3���"$� *�()������� "#�#(��$���&"$�����*�/7#�

O�PQ����"$�"��#�!�"#��"$� *�#� � $��� � &�"#�"#����� ��� �$�)�����(� 

"#��%�����$��������$��� "-.�*/0/R�3/7#����&"$��$���� ��#�$���"#�����

�&$��������� "�� "#�����"$�"�/=�����$�"� �&!�)���""�$ �&� ������$)��/

S &� "$��"'"#�$���� ����"#�#�"�$��"$�&"�$���#�*#�(�"$�&"�$����$��8�$� "

4+����"�� ��!� *"�"#�#(�$������$�"� /T � "�$��$� &���""�$ ������$"�"#�

$���+���&����*��-���.�*/0/>3��&���$�(���&�$ ����/U�!�)�$' �!"#���"�����

&� "�� ���&"$��� ��$��"�� /T��$�)�����(����$)��� .�*/0/R&���� ��!�"#

.�*/0/A'"#�&� "�$�$�%�� &(��"#���:�������&"$�������"���� "#�������

��&� ���"� "�(��!�$"#� "#�$��� � &��$�%�� &(��"#�����"$�"��#� � /7#��
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W_̂Upi\ZUaqZraraVXWYstZUe_Yau]aUVfjl̀a[̂\̂VWUêWĥeaêa\aVXŶV_]UVX̂WU[̂
mWea\aeZVVWYêUdXWX̀aVZ\V]\ZX̂WU[̂UX̀aiYar̂W][[aVX̂WU[jvkl̀aê[iaY[̂WUW_
iW\ZŶXWÛVmWea[W_ZX̀ Ûc\mwxUmyW_[̂\̂VWUêWĥeâUẐŶ[mWea\aeXW[̀Wq
X̀aazaVXW_X̀aX̀ Ûpc\m[i\̂XX̂Ud̂UX̀aX̀ ÛVZiîUd\ZfaYWUX̀à aXaYW[XY]VX]Ya[j

TUX̀amaZ[]YamaUX[W_X̀a[iaVXYZ\Ya[iWU[aZ[Z_]UVX̂WUW_ea\ZfX̂mâU{̂dj|j}

X̀a_Yau]aUVfq̂X̀ X̀à d̂̀a[Xi]mip̂Ue]VaeV̀ZUdâ[[\̂d̀X\f̀ d̂̀aYX̀ZUq̀ZX̂[

Wg[aYraêUX̀àfiaY[iaVXYZ\mZiw{̂dj|j~�Zyj�aYabX̀aê[X̂UVX̂WUgaXqaaUi]mip

Ûe]VaeV̀ZUdaZUeZg[W\]Xa[iaVXYZ\Zmi\̂X]ea Z̀[XWgamZea�l̀a[XYWUda[X

mWêcVZX̂WUÛX̂mabq̀ V̂̀ [̂[aaUÛX̀ai]mip̂Ue]Vae[iaVXYZ\V̀ZUdaw{̂dj|j}yb

VZU\̂�a\fZiiaZYZXZ_Yau]aUVfUWXVŴUV̂êUdiaY_aVX\fq̂X̀ X̀à fgŶemWeag]X

YZX̀aŶX[̀ d̂̀p_Yau]aUVfgWYeaYj�]V̀ ZUWg[aYrZX̂WU [̂ahiaVXae_WYX̀a f̀gŶe

mWeab[̂UVaX̀a[iaVXYZ\VWmiWUaUX[W_X̀à fgŶemWea[]YiZ[[X̀aVWUXŶg]X̂WU[

W_X̀a[i\̂XìWUWUmWeabq̀ V̂̀eWm̂UZXa[X̀aau]̂\̂gŶ]mYa[iWU[aw{̂dj|j�Vyjl̀a

Ya\ZX̂raV̀ZUdâ[X̀aYa_WYa[XYWUda[X_WYVWmiWUaUX[ZXX̀à d̂̀p_Yau]aUVfaUeW_

X̀àfgŶemWeabZ[X̀a[a[̀WqZVWmiZYZg\f\Wq[VZXXaŶUdYa[iWU[âUau]̂\̂gŶ]m

w[aa{̂dj|j�Vyj�]ZUX̂XZX̂ra\fbX̀aeYWîUX̀a[iaVXYZ\Zmi\̂X]eaV\W[aXWX̀a[̂\̂VWU

êWĥeaYa[WUZUVâUau]̂\̂gŶ]mZiiaZY[gaXqaaU||l��ZUe|�jxl��wmZĥm]m
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3��!�!���#"������������� ���"�� �� ��!����0���!!� �������� ��!�������

���#%"�%�#��������#��!�0����/-"�$��$���$� �����������!�!�"��#%������ 

 ��"� ��")3��%��%%��!�!��$� �� ��%���#�0������$�4�"���!��� ��$��.�$�

��/�"!�������"��!����%��!���� ��$���$���"�-/�� "��!����%������ %�"�!
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�.%�������� ��-�0���$�����$�! �!!����0(�#)*):;)3��!����"%��/��5�!���

��$�!��� ��-����$/��%"���$�!����������#%"�%�#�����)9$$��������/����

 ��%���#�����!�"0� �%��!�����$����$!�����!�"��# ��<�������0=>&�� ��"!

��$0"�1��� /�0����/-"�$��$����� ���$����"� �"$��#�0!��%!���!��"���

!%� ������-"��$-��$!��" �%�!!�-��'!��(�#)*)?�)

9�����"������-�� ��%�������"/��/����$�"!���$������#%"�%�#������0���

�/-"�$%���"������$��!����"�!�0�������"!��0���$��%��#����!�& ����$%�&
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�1������*);�)A������.�!� ���������%�� �����!�0���!�� "��!�$%���"������0�&

����� ��%�"�$�����%��!���%���"������"�$�! �!!�$����"�$�����)A����

$�! �!!�������%���"������0�����������!�-�$�!���#��!��$0"����� �""��"��0�����

�0���0"����� �"��!�����!�"� ��"����� ��!� "� ���%��������$�����#����

���"�0�!�!��� ���#�0%���"����!)
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9!�-���-����"/��%�"����%��������$�����#�������"�0�!�!��� ���#�0!�"0� �

%���"������$�!�!���$�4�"���������-���������$�4�"�������! ���!�������$��

���%"� �!!)3����!���%�"�������!�"����%���"������0�������$��� �""��"

��0�����)6���$/&!�������"&<��$���!�"�����!���� ��"� �����%"� �� ������

<��$����/���!�"����%���"������0�����-� ��!���� �""��"$��!��/���1����-"���
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���������������������� ���!����"�!��#�$%��#�$��#��"�����!�"&��#'��(����

 ����������"&#&%��������#�$%���#�)��$ #��#(��*�������)��$�+������#��)� #��

�������#!)���,-��"�����!�"������(����&��"!#�&#�����#�&�#&�*���#��"��.

�#(�$����������#"��%��%��",/%"��"����+&���!�����""�#(���&#�����#����

#���)���%����$(��� ����������"�+�"������"��%��%��,0��"�"���1���#���&��#

��*�.�#����"�%���� �"�"(������*,0��&#�����#��� ���!�#����#�������$�"*�'��

)����2%�����32. ���#�4# ���&#�����#�!#$���$$����!���"���&�#&�*���#�

���*����$$��������������"���"# ������$�'�$%��&#�����#�(�'�,

5# ���������"#���#��&����$��*(#�1#�����.6��$"�%$��"# &�#�#.�+����$&#.

�����#�"78�9:;(���������������� ���!���"#&���"��#��,<#(�'������"��(6��$

# ��"�������"�����$�&�#$%��$������"���*���#�������(#�1,5&�����%����������"

)���&��$����$����&�#�#.����'���#�# &��"!#�"�#%�$�'�����$�#&��"!#��!.

&��6����#�75%�9:;,=,5%��>,8,?�"#'��$@,@,A#*�����'�"�#(����#���������

��������'#�%��#�# �&#�����#�B"$�"&��"�#�C*#'����$�,*,)������������� ���!�

C���$"�#���$$���#�����!�"�������$�������"��!�"���������'���������"���*

�����&���(������&#�����#��� ���!�,-(���)���D���&���"����!���&#���"# ���"

6�$��*,

0��#"�������#�# ����*�"# ���&#�����#����)�$�"���)�$�"����!#���#"������#�

(����$�!&��*E��$��#"�������#���*%��� ��2%����F*�'��)���"����*�,?#��

# ���"�2%�������"���)���!�$�&��$�������$��*�#�$�G���������2%���#� #����

����*�$��"���H�"� %����#�# ��!�

I
JKLMENOPJLMF

KNOP
Q
HNOPRST 3U,V4

A#��"�#(��$�����"��*#"�������#���*%��� ��2%����FNOPWXYZ[\���%"�$ #��+�!&��

)�����������#!)�����#���$������#!&�����*$����# ���&��"!� ��2%����(���

�$��������]^ F�=,5%�_̀abc"�#(��������!&���%$�# �������*�$��"���

#"�������#� #���#�"����$�!&��*����E�"*�'��)�

dNOPRXeZYfg\hKT 3U,i4

>�&��$��*#����������#�)��(������$�����"��� ��2%����]��$���$�!&��*

E�����!&���%$����$�����"��#��"%�&��"��*���������"���#���"&#�$��*�#�!&��6.
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789:;<=>?@>ABCDEFGH DFIC8JKDL
M8GH>NOPQRSTUOVPTWSXXYUSPRPZUOV
WOY[\V]VRTSÛ_ àbPZYcXYTdPRPeV[
USdVdP]VXV]f̂ YOY[dPRSWPTWSXXYUP[
QSUOYUSdV]VcVR]VRUYR\gXY[[VTPh
RYRWVZ[VigVRŴ j̀abklmnopqrstuvw
xP[UOVTSdgXYUSPRTUOVZ[VigVRŴ]VWŶ
QYTWOPTVRUPfVWPRTUYRUYUykzcT
YR]{QYTeY[SV]UPTOPQUOVV|VWUTPZ
{TdYXXV[UOYR}VigYXUPYR]XY[\V[UOYR
yw

WYUSPRw~RxS\w�w��UOVRgdV[SWYXTPXgUSPRTPZUOV]S|V[VRUSYXVigYUSPRY[VTOPQR

ZP[]S|V[VRU[YUSPTfVUQVVRyYR]{wnOVdVUOP]UPTPXeVUOV]S|V[VRUSYXVigYUSPR

RgdV[SWYXX̂ST]VTW[SfV]SRYccVR]S��w

nOVPTWSXXYUSPRcV[SP]SRW[VYTVTZP[YXXWg[eVTPeV[USdV]gVUPUOV]VWŶ PZUOV

SRTUYRUYRVPgT[VTPRYRWVZ[VigVRŴw�VcVR]SR\PRUOV[YUSPPZ{UPyUOVYdcXSUg]V

YXTPWOYR\VTYWWP[]SR\UPVigYUSPR�w�wxP[{kySUTUŶTWPRTUYRU}QOV[VYTZP[

XY[\V[]YdcSR\UOVYdcXSUg]V]VWŶTV�cPRVRUSYXX̂wxP[TdYXXV[]YdcSR\[YUVUOYR

]VWŶ [YUV}UOVPTWSXXYUSPRdY\RSUg]VYWUgYXX̂SRW[VYTVT}XVY]SR\UPYRYdcXS�WYUSPR

PZUOVcPXY[SUPRw

nOV[VTgXUTY[VigSUVYTUPgR]SR\}YTUOV̂ TOPQUOYUUOVYdcXSUg]VPZYcPXY[SUPR

WYRfVSRW[VYTV]f̂ c[VWSTVX̂UgRSR\UOV[VXYUSeVTU[VR\UOTPZUOV]YdcSR\[YUVYR]

dP]VVePXgUSPR[YUV}c[PeS]SR\UOVc[PTcVWUSeVZP[eV[̂XPR\cPXY[SUPRc[PcY\YUSPR

]STUYRWVTwnOV[PXVUOSTcXŶTSRUOVWYTVPZUOVÔf[S]cPXY[SUPRdP]V}SwVwQOVUOV[

YdcXS�WYUSPRWPRU[SfgUVTUPUOVeV[̂XPR\PfTV[eV]c[PcY\YUSPRXVR\UO}STUOV[VZP[V

V�U[VdVX̂SRUV[VTUSR\wnPdP]VXUOVV|VWU}QVOYeVUP�R][VYTPRYfXVYTTgdcUSPRT

ZP[UOVUSdV]VcVR]VRUZ[VigVRŴTOSZUPZUOVÔf[S]cPXY[SUPRYR]�ZP[WPdcY[STPR�

YXTPUOVcXYTdPRcPXY[SUPRUP\VUOV[QSUO[VYXSTUSWeYXgVTPZUOV]YdcSR\{PZfPUO
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�������������������� !� "����#���$ %%���&'�#���(% �#��)�%�%� %��� !�

���")������* #�

+�� !���%�� %��%��'�� #�%�(��*�%����*%���,-#������%�-� ''#�&�� %��,

.//*�0����1) %��(2�34%��&'� �(%����(5'#�' 5 %��(���% ("���� �)#���(%��

6 $���7�#%��" ##��##�"��-�( %��(# %��%����%�� %�����#���8")�%����')�'9

'#�-��&'�#���(%�(7�5�2�2�����%����" ,�*" ##��#�-)%�%�("�)���%��(�(��(� #

#��'�(��*)("%��(�*%��(� #9:�����5( �� ����")����'#�!��)��,;<��.=�>%�.?@����

%��� *%�#���"�%��')�'�(�)"��"� (5�� ���" ,��- "$%�� �*�%�� &��)�

! �)��� %3�='� (�%��.AB! �)���#� "��� %2�='������(%�(��%,#� "���%��

- ����(� *%�#C'�0���(%��'� �� *#�1)�(",�� !��%��D��%�%# ���(- (�4-)%

#�� �(����)(%��3?'� *%�#�&"�% %��(�

E��#���#�"%� ,%� ""���%��" ##��#��*�%�����%����$ %%���!��)%��(�*%��

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

 (�-)�$�)#* "��;<��.=�+ 5.=-@�F(%��'#���(%" ��%����%) %��(����#�"��9

'��&�%��)5����("�%��� �'��#��'�(����(�%5�!�(-, ���'��G#)��������

H�!�#%�������%��*#�1)�(", %���"�%��#���I�#�"� (5�%�%���" %%�#�� �'��%)��

�'�"%#)�0JKL������"%��(2�=4" (-�)��� � � #$�#�*%����5�9*#�1)�(",��5�

�*%��)''�#�)#* "�'� ���('�� #�%�(-# ("�����#�*�#��%# "�(5%��'��(%JKL

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

���'�#���(��( ( ��5,%���#�"%�� �)#���(%��*%��'� �� #���( ("�*#�1)�(",�(

%�����'��#" ���*�(��)� #��(��������&%# "%��JKL! �)��*�#%��)�%# * �%�'�"9

%# ��!��)%��(�*%����%�#��%#)"%)#�0*)���'�"%# �(7�5�2�M4 #�����(�(7�5�2�33

 �#���'��#�������##�#- #� #�5�!�(-,%��*#�1)�(",#����)%��(�*%���� 9

�)#���(%�N(�" ("�� #�,���%���(�%� �#���0-�)����*%4*#��?%�?�3C'� (�%��

�)-��1)�(%#�����*%*�#�("#� ��(5��� ,%��������%���9��'�(��(%#�����*%����"�

"�##��'�(��%� ��"#� ��(5�*%��'� �� *#�1)�(",�)�%�" ##��##�"��-�( %��(�

" (-�:%-, (�&'�(�(%� ���" ,0#��")#!��(7�5�2�334����")#!���5�!�(-,

JKLOPQQRSOTUVWVUXR�YIZB
[
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_̂̀abc̀_defgOTTUhWVUiR�YI 02�.?4
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EHIJKLMNOPQRSJQTUVKVWKXKWYUS
Z[C VUVQ\JU]̂ _MJ àUSJ\UP
K̀bc] SQVL̂ FHdJaQPWJW àUNe
NJPJWVJUPeRJSWKVNJV̀KNfÙ UTYVae
NKQVQTOQ̀KNKQV\JSQghbijklNQO
K]ULJmUVWU\QXJhnopqrkl\QNNQ]
K]ULJmNMJNPUV̀KNKQVNJ]OJPUNYPĴ
sQKVǸstlsuesv]UPwNMJaJVNJP̀
QT]JNUSSKaWQ]UKV̀ UVWsbQVJWQe
]UKVgMKaMWKWVQǸgKNaM̂ xaQVe
NKVYQỲgUXJyYUVNY]aÙaUWJSÙJP
UNUgUXJSJVLNMQTẑjc]K̀ỲJWÙ
NMJOPQ\J\JU]̂

{KVaJNMJOMÙJNPUV̀KNKQVK̀QTRP̀NQPWJPlKNTJUNYPJ̀UVYaSJUNKQVUVWLPQgNMOPQe

aJ̀̀ QT]JNUSSKaWQ]UKV̀ YOQV g̀KNaMKVL̂ _QQ\̀JPXJNMJLPQgNMQTNMJ]JNUSSKa

OYWWSJ̀lVJUPeRJSW]KaPQ̀aQOfMÙOPQXJVNQ\JKWJUSSf̀YKNJW|}U~��l�KYtul�KYtv�

ÙKNTJUNYPJ̀NMJVJaJ̀̀UPf ÒUNKUSPJ̀QSYNKQVNQOPQ\JNMJSQaUSaMUVLJKVNMJaQVe

WYaNKXKNfQTNMJ]UNJPKUSQVNMJVUVQ̀aUSĴ�̀KVLVJUPeRJSW]KaPQ̀aQOflKNMÙ\JJV

Q\̀JPXJWNMUǸNPUKVSJUẀ NQÙNPKOJOUNNJPVQT]JNUSSKaUVWVQVe]JNUSSKaWQ]UKV̀

KVNMJ]UNJPKUS|�QVt�l�KYtj�̂�QPJ̀OJaKRaUSSflNMJ̀NPKOJOUNNJPVUOOJUP̀KV̀KVLSJ

aPf̀NUS̀YVWJPNJV̀KSJ̀NPUKV̂ IQgJXJPlKNMÙVQNfJN\JJVaSJUPgMJNMJPNMK̀K̀U

OPJWJNJP]KVJWOUNNJPVNMUNK̀\YKSNKVNQNMJKVXJ̀NKLUNJW ǸPYaNYPJQPUWfVU]Ka

J�JaNNMUNUOOJUP̀YOQVMJUNKVL̂ {QTUPlNMJSUNNJPJ�JaNMÙ\JJV J̀JVÙMKLMSf

SKwJSf\JaUỲJUWfVU]KaUSaMUVLJTPQ]QVJOMÙJKVNQNMJQNMJPUSSQg̀ NMJ̀NPYaNYPJ

NQ]KVK]K~JNMJ̀NPUKVKVNMJ]UNJPKUSWYJNQNMJWK�JPJVNaPf̀NUSSUNNKaJaQV̀NUVǸ

QTNMJKV̀YSUNKVLUVW]JNUSSKaOMÙJ̀̂ �VNMJTQSSQgKVLlgJOPQ\JNMJYSNPUTÙNPJe

ÒQV̀JQTU ǸPUKVJWXUVUWKY]WKQ�KWJVUVQ\JU]QVU ÙOOMKPJ Ỳ\̀NPUNJQVNMJ

SJVLNM àUSJQTKǸOMÙJMJNJPQLJVJKNfNQ M̀QgNMUNNMJPJK̀KVTUaNU\YKSNeKV Ỳ\e

ǸPYaNYPJKVNMJVUVQ\JU]USPJUWfUNPQQ]eNJ]OJPUNYPĴ _MJPJ̀YSǸQ\NUKVJWUN

PQQ]NJ]OJPUNYPJUPJ̀Y\̀JyYJVNSfaQPPJSUNJWgKNMNMJOJPKQWKaWQ]UKV̀NPYaNYPJQT

USNJPVUNKVLKV̀YSUNKVLUVW]JNUSSKàJaNKQV̀NMUNJ]JPLJ̀U\QXJNMJOMÙJNPUV̀KNKQV

NJ]OJPUNYPĴ
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WdX̀ _̀YdV_]VXWd̂XVdWhVcWd]̀ebdb̀cij k̀lbmnonjanpqVeW_][VrWe]q̀d̀Y
VsgbdV\rbdqdqVkXVt̂Vcgf\̀ â[V\]̂_][WeVXrbdqWgVcdVXrWuV[Vcmdq k̀vwxc_
Wc\W]̂_]ŷVcgV̀ kznj_{|g_}n~T�[bcVegWcWgX̀eedqVgVcdVX̀kdqVrbXVbe
]VXk̀X_V\rqb[VdqVeW_][Vbe]q̀d̀YVsgbdV\npqVqVbmqd]X̀Z[V̀kdqVegWcbe][̀ddV\
�a[Wgh[bcV�Wc\beW]]X̀sb_WdV[fyWd̀uVXdqVrq̀[Vebcm[VgXfedW[[bcV]WXd̀kdqV
rbXVnpqVeb_̂ [dWcV̀ ê[fXVg̀X\V\egWddVXV\cVWXYZV[\XW\bWdb̀c̀ kdqV]X̀aV]̂[eVe
�gVcdVXkXVt̂Vcgf��jn�p��rbdqWaWc\rb\dq k̀jxp��l��� Wc\W\̂XWdb̀c
k̀�xkel����eq̀reWedX̀cm_̀ \̂[Wdb̀cW[̀cmdqVrbXV�XV\[bcV�npqV\V[Wf
aVdrVVc]̂_]Wc\]X̀aVrWeeVdd̀jxxke�rqbgqbedqV]VWhbcW]̂_]Y]X̀aVegWcn
pqVgVcdXW[]̀ebdb̀cè kdqVaXbmqd\̀_WbcebclbmnonjaWXV_WXhV\rbdqij�i��
ioWc\i�nizbedqVgVcdXW[]̀bcdaVdrVVcdqVZXeddr̀ _VdW[[bgXVmb̀ce�rqbgq\b\
c̀derbdgqn

]̂_]Y]X̀aVdXWgVWc\dqV�U��db]beegWccV\WgX̀eedqVebcm[VgXfedW[[bcVXVmb̀c

k̀dqVrbXVnpqVXVg̀X\V\egWddVXV\bcdVcebdfWerV[[WedqVeb_̂ [dWcV̀ ê[fXVg̀X\V\

d̀]̀mXW]qfWXVeq̀rcbclbmnonzanpqVqVbmqdegWcg[VWX[feq̀redqVV\mVèkdqV

ebcm[VgXfedW[[bcVXVmb̀c�p̀ dqVXbmqdeb\VbdbedqVVc\ k̀dqVrbXVWc\ c̀dqV[Vkd

eb\VdqVmXWbcà ĉ\WXfWd������_�rqbgqbeeVVcWeWeqWX]dXVcgqbcdqVd̀]̀mY

XW]qfn�VdrVVcdqVeVàX\VXe�dqVqVbmqd]X̀Z[VbeuVXfq̀_̀ mVcV̀ êWc\eq̀rec̀

d̀]̀mXW]qbgbXXVm̂[WXbdbVedqWdg̀ [̂\bcŷVcgVdqV]̂_]Y]X̀aVegWcnpqVegWddVXV\

bcdVcebdfc̀X_W[b�V\d̀dqVcVWXYZV[\ebmcW[WdcVmWdbuVdb_V\V[Wf�q̀rVuVX�eq̀re

WedXbhbcm_̀ \̂[Wdb̀cWgX̀eedqV̀ cVY\b_Vceb̀cW[egWcXWcmVn� èdc̀dWa[f�cVWX

dqVVc\ k̀dqVrbXVdqVbcdVcebdfeq̀reWc ègb[[Wd̀Xf_̀ \̂[Wdb̀c�rqbgqbeqbmq

c̀dqV[̀gWdb̀cerqVXVdqVrbXVd̂XcV\_VdW[[bgWdV[VuWdV\dV_]VXWd̂XVe�_WXhV\
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rIQDK̂ LCTC?L?CCAI??DC?EA=??CEH=KBEF=I>=TC?EAIFFC?DK̂ DKFCKEDFPgTGDAGDEOCI@
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3�'C@F $.G$B%��$�"�(� $�� ���1����� ����1���"��$�1� �<$'����3$�1!"!

��<��!�1���&$��1�����<���"��$'"�!�'$���!�������$"����"&���$''$��"��<�����!)

H�� ����!"1���� ��$���"$'%� ���"!����$!�����$�"�<����13$�1!��������!�

� �3$�1��1��"!"�� ����<���"��$'!�$��)* "!��1��"!&�������13+� ���&�'�(+

��� �3$�1!$�1���!�E����'+� ���1����� �3$�1! $!����<��!�$�� ��$��?
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* ���"!$�"�!�'$�"�(3�'C�$���"$',"� $3$�1($&"�� �"���$��1@F $//B$�1$

&�������1!���$��!�$��� $�!�&&���!5"�$�?&'$!���!!"�"'$���� �!��3!��<�1"�

(�$& ���@5"/A%K$"/L%M&�/NB)7��� ������%� �!&"�?��3"����&'"�('�$1!��$!&"�?

��������'��C"�(%, "� ��$�!� $�� �!&"���� �!���$��&$��"�'�!"!���&'�1��

� �"���������$�1% ����%&��&$($�"��1"����"��)D!$���!�E�����%$!����(!�&?
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)*++,-+./0+123/12*/345.6*78+9++1-+.:5.0+;<3/1=2*+1+7.>?+@;0/A.53A5-+

722*+A*7/.5:B.5:CD.CE<-+.2F<9+.722*+G1/8+.3/2H5:E+=+139<.=C)*+3+2<-

/351+>5:>7>6/1;/12*72/2:+72<.+32*+3*5.2+32-<0-71;-.59+-<@3+3/12*+0/;>

/1:.7.+;1+7.>?+@;A500<1/2H71;/3A<..+12@H2*+51@H51+2*72A71-+.:5.0+@+A2.5>

5-2/A370-@/1=5:1+7.>?+@;478+:5.03/12*+0/;>/1:.7.+;3-+A2.7@.71=+IJ/3KLM

J/3KNOC

P2/3973+;5173A722+./1=>2H-+3A711/1=1+7.>?+@;5-2/A7@0/A.53A5-+A509/1+;

4/2*71/12./A72+@73+.3+2<-25=+1+.72+2*+-<0-71;-.59+.7;/72/51CQ3/0>

-@/?+;36+2A*5:2*+3+2<-/33*541/1R/=CQCKC)*+.7;/72/51/3:5A<3+;51257

3*7.-0+27@/S+;2/-T3/@/A512/-34/2*-@72/1<0U/./;/<0A572/1=M2/-.7;/<3VKW10XM

4*/A*/3<3+;25370-@+2*+25-5=.7-*H@/6+/1A518+12/517@7250/A:5.A+0/A.53A5-HC

)*/37--.57A*7@35@+7;3257:5A<3/1=5:2*+1+7.>?+@;39+@542*+2/-25785@<0+

307@@+.2*717A*/+879@+4/2*A518+12/517@;/Y.7A2/51>@/0/2+;5-2/A3C)*+370-@+/3

05<12+;512572*.++>7,/3327=+71;/3.732+.>3A711+;9+@542*+2/-C)*+7250/A

:5.A+0/A.53A5-+/35-+.72+;/127--/1=05;+M4*/A*/37A.<A/7@-.+.+Z</3/2+25

;/3+1271=@+2*+1+7.>?+@;A512./9<2/513:.502*+:7.>?+@;-7.23/12*+3A722+.+;.7>

;/72/51T3++9+@54M3+A2/51QC[XC)*+-<0-71;-.59+9+7037.+:5A<3+;51252*+
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PQRSTUVWQXYVRSZ[V\UYU]V ŜU\_ŴY\U\S̀ aZTabTẀ_ŴY\U\S̀ a\XcS ŜU\_dS[̀ TW_
Q\X]QXae]SVZaUVVRSf̂ WgS\]WVeXYhSiŜ]cZ\ijk̂ STU]VS\X]QW[[UVX\YSS̀]YXZ\
UTa[WdS\]lmno]p_qrsXYtRWQR]XTSRUgSU\S̀ZQS̀ \SaSVWVWX̂ \UVSluvsuwrjm[[
[U]S\XZVaZV]U\SQXZa[S̀ ŴVX̂ X̂[ŴSU\dcS\]lxp_xqrVX]aSQV\U[[eÛ V̀STaX\U[[e
]RUaSVRSaZ[]S]jyRSXZVaZVXYmnozÛ`mnoqU\SQXTcŴS̀ tWVRUcSUT
QXTcŴS\l{|rÛ`YXQZ]S̀ ŴVXUiU[[WZT]S[ŜẀSl}UPSrQ\e]VU[VXa\X̀ZQSTẀ_
ŴY\U\S̀\ÙWUVWX̂jmd[VS\W]Z]S̀VXS[WTŴUVSVRSYẐ ÙTŜVU[[U]S\aU\V]jm]W[WQX̂
lPWrtUYS\W]Z]S̀ U]UcSUT_̀WgẀS\YX\VRSxXZ\WS\V\Û]YX\TŴY\U\S̀ ]aSQV\X]QXae
]SVZalxy~hrÛ`UTS\QZ\eQÙTWZTVS[[Z\ẀS̀ SVSQVX\ln|yrYX\VRSŴVŜ]WVe_
\S]X[gS̀ TSU]Z\STŜV]jxZ\VRS\TX\SsUcSUT]a[WVVS\l{PrQÛ ]Ŝ`VRS\ÙWUVWX̂
ŴVXÛ S[SQV\X_XaVWQ]UTa[Ŵil�kPr]SVZajmnopa\XgẀS]VRSaZTaaZ[]S]tRWQR
U\SYXQZ]S̀ X̂VXVRSmxnVWa�Z]V[W�SVRSTẀ_ŴY\U\S̀\ÙWUVWX̂jyR\SS̀S[Ue]VUiS]
QX̂V\X[VRSVWTŴiYX\aZTa_a\XcS̀ S[Ueloorsxy~hVWTSXgS\[UaÛ` Ẁ�S\ŜQS
Y\S�ZŜQeiŜS\UVWX̂ XgS\[Ual�x}rj

VWaceYZ[[ê X̂_̀W]aS\]WgSXaVWQ]VXa\SgŜVUVSTaX\U[]V\SVQRŴiXYVRSZ[V\U]RX\V

aZ[]S]jyRS\ÙWUVWX̂ YX\aZTasa\XcSÛ`U[]XVRSiUVScSUTstRWQRW]̂ SQS]]U\e

YX\S[SQV\X_XaVWQ]UTa[ŴiU\SYZ[[eQXRS\ŜVjyRW]W]UQRWSgS̀ ceRUgŴiU]Ŵi[S

TU]VS\X]QW[[UVX\l\SaSVWVWX̂ \UVS�q�n��rtRWQRYSS̀]YXZ\UTa[WdS\]jyXXcVUŴ

VRSŴ̀ W]aŜ]Uc[S]VUcW[WVeXYVRS[U]S\]XZ\QS]sÛ S\cWZT_̀XaS̀ dcS\[U]S\W]Z]S̀
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\WXhijhhibYX[]]clXYqw\cYZbX[]bdlcYcfbX\W[\\WXkX]e\We]̂X]̂ eXY_e\Ze_\[c_
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UT̂dOXQTP]UPbQVTUgPW�hiVRWRUdOQT]_STRORcQWTcbd]cQTP]T]QVRbWR�dR]c̀ WX]_R

bWP̂ �QPx�i{mTUaOPQQRST]tT_h�huh�PQVlQVRWRXOaXWQYnOdRcdWjR\X]SQVR
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]XẀaXWQTUjTUTnORhiPRXcVPbQVRURWR_TP]UXcVXWXcQRWTUQTĉ PQTP]PbQVRUTOTcP]
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QPQVRPnURWjRSWRUP]X]cRlgVTcVTUÛXOORWT] X̂_]TQdSRQVX]T]QVRPQVRWWR_TP]Uh

v]QVRXWRXXWPd]S�uh�i{mlQVRWRXWRXcQdXOÒQVWRRaVP]P]WRUP]X]cRUcOPURQPe
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ĉ_e_ìgcmbie_�_acgt_fb̀ _̀̀ojĉ__qagc_eabddg_d̀�]̂_lbcc_d_�_acaoplebl̀o
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npfnnpl̀_̀`̂os̀ ĉ_s_ll|iosijdgiu_nbcc_diojĉ_̂ m{dgefoe_��iĉg̀ab̀_r
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T̀Zk X̀VoZWQX]ZSZ[ZSVẀQYQWXVY]TX]W
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