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From ultrafast electronic dynamics 
in 2D materials towards spin-resolved 

atom-scale videography
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Atomically thin magnetic semiconductors open exciting perspectives for 
both fundamental research and future applications at the interface 
between optoelectronics and spintronics. The van der Waals-layered 
magnet CrSBr is a particularly promising system, owing to the complex 
coupling of its magnetic order and quasi-1D excitons, whose ultrafast 
dynamics are of paramount importance for potential quantum devices. 

In this work, we combine sub-cycle terahertz polarisation nanoscopy with 
a tunable source of optical excitation pulses to selectively prepare and 
probe excitons and unbound electron-hole pairs in CrSBr, irrespective of 
interband selection rules. We unveil femtosecond recombination of 
photoexcited quasi-1D excitons in atomically thin CrSBr, which is 30 times 
shorter than in the bulk, where two distinct decay dynamics suggest 
scattering of excitons with paramagnons. Moreover, we directly extract the 
nonequilibrium dielectric function of monolayer CrSBr showcasing the 
hallmark of transitions between highly excited excitons. Our experiments 
demonstrate how combining ultrafast near-field microscopy with tunable 
pump pulses can reveal spectral fingerprints and femtosecond dynamics 
of exotic quasiparticles in microscopic quantum materials.  

Pushing towards exploring the femtosecond dynamics of magnetic 
systems on the atomic scale, we introduce a scalable and versatile 
terahertz emission scheme perfectly suited for lightwave-driven scanning 
tunnelling microscopy. The novel emitters based on spatially indirect 
interband transitions in epitaxial quantum wells generate intense, sub-
half-cycle field transients, whose single positive peak exceeds the 
strongest negative excursion by more than three times. In combination 
with a recently built scanning tunnelling microscope capable of applying 
strong external magnetic fields, such remarkably asymmetric waveforms 
are expected to drive unipolar, spin-selective tunnelling currents in time 
windows much shorter than 100 fs, for the first time enabling simultaneous 
state-selective, atom-scale and ultrafast microscopy of individual spins.

Cover: A metallic tip confines terahertz waveforms (blue, left) to its apex, 
such that by recording the scattered field transient (blue, right) quasi-1D 
electron-hole pairs (glowing blue and red spheres) in a CrSBr crystal can 
be probed in a nanoscopic volume with femtosecond precision.
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]ŵn]h]ftsepgq]i]mô f̀_gi]fcm̂ ]̀�������Zg\]j_̀gii]mo]abfe[���cf̂acfaiĝ]
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�[YYd[e[_]̂[�]e[faZge�[fef�[b[_[f][���j[_[hZ[is

�[_[V����i[f̂a[Zac[f[X_\efb_X_[iefa[fZeavV���ac[f̂fYef[X_]̂[�]e[faXfiZef]���

ac[]X_iefXYZef[bhf]aêfstc[a[_dl�Zef]������ef�uhXaêf��s��eZ]̂dd̂ fYv

kf̂jfXZac[ c̀XZ[dXa]cefgbX]â_uhXfaebvefgac[]̂f�[_Zêf[�]e[f]vb̂_X

ge�[f]_vZaXYY[fgacXfi X̀e_̂bf[X_\efb_X_[iXfia[_Xc[_a�b_[uh[f]e[ZV�Xfi����V

_[Z̀[]ae�[Yvs

tc[cegc\̀ ĵ[_f[X_\efb_X_[iYXZ[_�][fa_[jX�[Y[fgacVy��� rV̀hYZ[ih_XaêfV

y¡�¢£�hZ[iefaceZĵ_k̀ _̂�ei[Zcegcefa[fZeae[Zb̂_[�]e[faa[_Xc[_a�g[f[_Xaêfs

�edhYaXf[̂hZYvVeaZcegc_[̀[aeaêf_Xa[̂b¡¤{|bX_[¥][[iZac[av̀e]XYaè Ẑ]eYYXaêf

b_[uh[f]e[ZefZ\�¦§̈ Vjce]cX_[̂fac[̂_i[_̂by��©{|Vac[_[b̂_[bX]eYeaXaefgac[

_[uhe_[ii[d̂ ihYXaêfXacX_d̂ fe]Ẑbac[aX̀ èfgb_[uh[f]vsªZf̂fYef[X_d[iehdV

j[]ĉ Ẑ[XgXYYehd c̀̂Z̀cei[]_vZaXY�ace]kf[ZZVqrr�]haefac[���«�\̀YXf[VZef][

eaXYŶjZb̂_w_̂XiwXfì cXZ[dXa]cefgXâh_YXZ[_b_[uh[f]v̂ bqxyz{|�Wegh_[�s��s

¬d̀ _̂aXfaYvVXZgXYYehd c̀̂Z̀cei[]̂dwef[ZXYX_g[f̂fYef[X_]̂[�]e[faV���VjeacX

cegciXdXg[ac_[ZĉYi­®̄VeaeZei[XYYvZhea[ib̂_̂h_cegc\̀ ĵ[_X̀ Ỳe]Xaêfs

tc[a[_Xc[_a� _̀̂w[ h̀YZ[ZX_[g[f[_Xa[iwvb̂]hZefgac[f[X_\efb_X_[iYXZ[_

h̀YZ[Zb[Xah_efgX h̀YZ[[f[_gv b̂°±²efâac[gXYYehd c̀̂Z̀cei[]_vZaXYsŴ_X

w[XdieXd[a[_efac[]_vZaXŶbX̀ _̀̂¥edXa[Yv���±r�bhYYjeiacXacXYbdX¥edhdV

W³�̈ V̂bac[efa[fZeav�Vac[YXZ[_́[Yii_e�[Zac[f̂fYef[X_de¥efg̀ _̂][ZZjeacXf
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IHJBCAKIJBJ>GQBMRJBCUHGDMFMLHFBIBNGCMOMAGDNJDZFHIDJDFDGJBILHACMMLMLGQBAQHJB

JGHRDIDG[MLGQBGBCHQBCGSAKIJBJV
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AKIJBJNHKJBPR[GQBPDJABCJDMFDFGQBZHIIDKEAQMJAQDPBNC[JGHIV�MGB>GQHGGQB

RHFPTDPGQGMTHCPJQDZQLCB_KBFNDBJDJIDEDGBPR[GQBAQHJBEHGNQDFZNMFPDGDMF

X|DZKCB�V�RYV�FNMFGCHJG>GQBIMTOLCB_KBFN[NKGOMiDJNHKJBPR[GTMLHNGMCJ�|DCJG>
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pWVVSiYWg]ZgfiYSTUV[R[eYRZUh]SmbR[TjiWRZ]RZgSsqt̀SiYSTUV[RỲ[iSmVS]][ìS]
RZgSsZi]SYZTUS][ÛVSuhSgTZSiPc̀SVSÙS[eYRZUh]SSoTSS]ivwxŴÙSe[oZe[R
[eYRZUh]Sq

SyTZSgT\ŴRWc V̂SuhSgTZSiqzhVÙSVeWVSPÙSiUVWgf]Z{V[TUZWgŴR[VfSc[dSRSgfÙi

VSihRUiZgWgR\̂V[TUZWgiŴÙSfSgSV[US]V[]Z[UZWgbSZgfTWRRSTUS]b\ÙSZe[fZgf

WYUZTiq

|L}~G?J=L}��}A�J?O�~�~GAHA@IKA@HM}I}LJ~LN�JAH?NC �gTWgTRhiZWgPZg

ÙZiT̀[YUSVcS]ZiThiiS]ÙSSoYSVZeSgU[R̂Whg][UZWgi[g]ÙSWVSUZT[R̂V[eScWVjŴ

gS[VX_SR]eZTVWiTWY\PZgTRh]Zgf[g[g[R\UZT[ReW]SRŴÙSRZf̀UXe[UUSVZgUSV[TUZWg

[UÙSg[gWiTWYZTUZY[YSoqzhVÙSVeWVSPUSV[̀SVUaYWR[VZi[UZWgg[gWiTWY\c[i

ZgUVW]hTS][i[UST̀gZuhSUW]ZVSTUR\YVWbSÙShRUV[̂[iU]\g[eZTiŴSRSTUVWg�

ẀRSY[ZViZgiSeZTWg]hTUWVi[eYRSicZÙeZTVWgXiT[RSR[USV[R]ZeSgiZWgiP]WcgUW

ÙS[UWeZT[RR\ÙZgRZeZUq�̂hVÙSVYVSiSgUS][gScPdSVi[UZRShRUV[̂[iUgS[VX_SR]

g[gWiTWY\iSUhYPc̀ZT̀YVWdZ]SiZgUSgiSPbVW[]b[g][g]Ỳ[iSXiU[bRSUSV[̀SVUaYVWbS

YhRiSiÙ[U[VSTWhYRS]UWÙS[YSoŴ[UZYZg[TWeeSVTZ[RgS[VX_SR]eZTVWiTWYSqt̀S

USV[̀SVUaSRSTUVZTX_SR]c[dŜWVeiPc̀ZT̀[VSiT[UUSVS]̂VWeÙSUZYPT[gbSiSgiZUZdSR\

]SUSTUS]Zg[_SR]XVSiWRdS]]SUSTUZWgiT̀SeSP[RRWcZgfWgSUWUV[TSSRSTUVWg�̀WRSY[ZV

]\g[eZTicZÙihbXT\TRSP̂SeUWiSTWg]USeYWV[RYVSTZiZWgq�WVSWdSVPÙSTWebZg[UZWg

ŴR[VfSb[g]cZ]Ù[g] Z̀f̀ _SR]iUVSgfÙiŴÙSUSV[̀SVUaYVWbSYhRiSi[RRWcihi

UWSoYRWVSÙSihbXT\TRSYWR[VZi[UZWgVSiYWgiSŴi\iUSeiZgSoUVSeSgWgSuhZRZbVZhe

Zg[bVW[]V̂SuhSgT\cZg]WccZÙ Z̀f̀ iZfg[RXUWXgWZiSV[UZWiq
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NEFGHISUGPMHJLMNQIFaSFMGOGPUEPMFMHNQIPU]bcMUSEHPde]MUJMWLNMPIUJKLNFW
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FMFIVLFNJMWHLUFTLMHFVIJHFWNEFGHIJPQHRFESUEJMWNLVMJKESKNFǸ FQPIFJMWJQHFI
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hZ[\]qre]hZ[\]]̂]_̀sbcde]Ẑfgh[ai]j\Zh]_nb̂dâZZgbctuvâjanfd]jf\̀_]s
jf\e]j[â]of\\Zld_fnd]jc_bgde]fgh[ai]jhZ[\]]̂]_̀a]\qwXxbZ_a]_y[agad]jhZ[\]
jZ_fdab̂ bcde]fgh[ai]j\]]jhZ[\]\fcd]_lbde\df̀]\k_]jmf̂jhZ[\]jZ_fdab̂\
g]f\Z_]joadec_]zZ]̂nsy_]\b[p]jbhdanf[̀fdầ kx{|}Xl[fn~mf\fcẐndab̂ bcde]
n]̂d_]ofp][]̂ d̀ebcde]\]]jhZ[\]qre]]__b_lf_\_]h_]\]̂dde]dshanf[pf_afdab̂ bc
de]_]nb̂\d_Znd]jhZ[\]jZ_fdab̂\q

âd]̂\]\]]jhZ[\]\f_]fgh[ai]jf̀fâX_]\Z[dầ â f̂ ]̂ef̂n]g]̂dbcde]h]f~

âd]̂\adsl]do]]̂ ��k������u�mf̂j����k���t��u�mq

�[debZ̀eâ]fnenb̂ìZ_fdab̂ b̂[sfhf_dbcde]Z[d_fl_bfjlf̂joead]y[àed\]]j

\h]nd_Zgnf̂ l]fgh[ai]jXde]âadaf[hZ[\]]̂]_̀sbcde]\Zh]_nb̂dâZZgbctuv

a\\à̂ ainf̂d[sân_]f\]jâde]�|Y�kxàZ_]�q�fmq�cd]_de]i_\d\df̀]XhZ[\]

]̂]_̀a]\l]do]]̂ ��uvk���t��u�mf̂j���uvk������u�mf_]fddfâ]jq�bd]X

defdde]j]\n_al]jhZ[\]]̂]_̀a]\f_]bldfâ]jfcd]_\Zld_fndab̂ bcde]hZ[\]]̂]_̀s

bcde]Ẑfgh[ai]j\Zh]_nb̂dâZZgq�Zf[y\df̀]fgh[ainfdab̂ _]\Z[d\â\à̂ f[hZ[\]

]̂]_̀a]\_f̂ à̀̂ c_bg��uvk������u�mdb���uvk���t��u�mq�a~]de]h]f~

\h]nd_f[âd]̂\adsXde]fnea]p]jhZ[\]]̂]_̀s_a\]\f\de]n]̂d_]ofp][]̂ d̀ej]n_]f\]\

f\fnb̂\]zZ]̂n]bcde]_]jZn]j _̀bZhp][bnadsga\gfdne]\bc\à̂ f[f̂jaj[]_oade

_]\h]nddbde]hZghq�bdfl[sXâde]\]nb̂jfgh[ainfdab̂ \df̀]Xcb_f[[\]]jn]̂d_]

ofp][]̂ d̀e\Xf̂ ]̂]_̀snb̂p]_\ab̂ o][[l]sb̂j���bcde]hZghhZ[\]]̂]_̀sbc

���uva\fnea]p]jqre]_]cb_]Xde]�|Y�bh]_fd]\âde]_]̀ag]bchZghj]h[]dab̂X

oeane\à̂ ainf̂d[s_]jZn]\de]â�Z]̂n]bchbo]_�ZndZfdab̂\bcde]oead]y[àed

nb̂dâZZgb̂ de]fgh[ai]jhZ[\]]̂]_̀sk\]]�hh]̂ja��XxàZ_]�q�mq
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5/*/./*)6(227)*68&(1&1-).%.%&6&*.8&-(9&2&*'.%:;0.&8.%&<81.1.('&=.%&>?@A

+(*,-),.%=BC=8)1&108/5DEFGHCIJKLMFGN./KMFGHCIJOLMFGN(*,=<*(227=

P4531./DQMFG(.CIJRMMFG:;532)<6(.)/*)*.%&1&6/*,1.('&12)'%.278&,46&1

.%&6/88&13/*,)*'+(*,-),.%1./DSFGHCIJKLMFGN(*,SRFGHCIJOLMFGN=

8&13&6.)9&27:$%&5/1.+8/(,+(*,13&6.845HBCJRRFGN)1(6%)&9&,(..%&2/*'&1.

6&*.8&-(9&2&*'.%=CIJRMMFG=-%)6%)162/1&1../.%&1/T6(22&,,&'&*&8(676/*,).)/*=

UVJUW=-%&8&.%&3%(1&5)15(.6%/01)'*(2(*,),2&89(*)1%&1:;1/48XYZ;)1

/3&8(.&,)*'8/43T9&2/6).7T5(.6%&,'&/5&.87=)*<81./8,&8=.%&'()*+(*,-),.%)1

*/.2)5).&,+7.&53/8(2-(2[T/\/0.%&2(1&83421&1)*.%&5)])*'6871.(2:@/-&9&8=

0/85(])5456/53(6.*&11/0.%&/3.)6(21&.43=.8(*15)11)/*/3.)61-&8&4.)2)1&,

)*.%&-%).&T2)'%.+8(*6%H1&&>)'48&̂:_N=-%)6%,)13&81&.%&42.8(+8/(,+(*,1&&,

3421&1=8&142.)*')*(3421&,48(.)/*/0(338/])5(.&27QMM̀a:b/*1&c4&*.27=/*27(

13&6.8(23/8.)/*/0.%&,)13&81&,1&&,3421&1.&53/8(227/9&82(31-).%.%&3453

3421&1H3421&,48(.)/*dDMM̀aN:

X&9&8.%&2&11=.%&(532)<&,13&6.8(1433/8.>/48)&8T2)5).&,3421&,48(.)/*1=-%)6%

(8&14+1.(*.)(2271%/8.&8.%(*.%&34533421&1H>)'48&̂ :e+=8&,13%&8&1N:$%&

8&13&6.)9&+(*,-),.%T2)5).&,3421&,48(.)/*1-&8&/+.()*&,+7>/48)&8.8(*10/85

/0.%&1)'*(2(532).4,&13&6.8((0.&8.%&,4(2T1.('&XYZ;H>)'48& :̂f+N(*,(

14+1&c4&*.<./0.%&.&53/8(2)*.&*1).7&*9&2/3&-).%(g(411)(*:>/8(226&*.8&

-(9&2&*'.%1=&9&*(0.&8.%&1&6/*,(532)<6(.)/*1.('&=.%&1)'*(23421&16(*+&

6/538&11&,./8&5(8[(+271%/8.,48(.)/*1H>?@A/0.%&)*.&*1).7&*9&2/3&N+&2/-

hM̀a:;..%&%)'%&1.6&*.8&-(9&2&*'.%=CIJRMMFG=&9&*3421&1-).%(,48(.)/*/0

SM̀a(8&(..()*(+2&:b%(8(6.&8)1(.)/*/0.%&(532)<&,1)'*(23421&1-).%08&c4&*67T

8&1/29&,/3.)6(2'(.)*'H>iYgN8&9&(21.%&(6.4(23421&,48(.)/*1(0.&8.%&XYZ;

-).%/4.&].&8*(26/538&11)/*H>)'48&̂:e+=+2(6[13%&8&1Nj>/86&*.8&-(9&2&*'.%1=

CIkOMMFG=.%&3421&,48(.)/*1(8&+(*,-),.%T2)5).&,=8(*')*'+&.-&&*LM̀a

(*,KM̀a:;+/9&CIJOMMFG=.%&(6.4(2=4*6/538&11&,(*,+(*,-),.%T2)5).&,

3421&,48(.)/*1&]%)+).(*/33/1).&.8&*,=-).%.%&0/85&8)*68&(1)*'43./hK̀a

HCIJRMMFGN=-%)2&.%&>/48)&8T2)5).&,3421&,48(.)/*,&68&(1&1:$%)1,)168&3(*67)1

(8&142./08&1),4(2gll=-%)6%6(*+&8&(,)276/53&*1(.&,)*.%&38)156/538&11/8

,&168)+&,)*.%&38&9)/411&6.)/*:
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%1**(9!6'

:;<=>?@ABCDE?FG>HIFJK?>H<?JLGM?IHN?>NJ=>F?AOPQRSQTQUVQWXYTQSTZ[S\Q
RSZ]̂WQTY_̂WQV[ÛÙ SYÙQZaVPQRPZVZUQUQS̀bY\SZTTVPQ̂UaSYSQWYUW]̂T̂cXQ
TRQ\VSYXWZdŶUe\ZXZ[SQWcYUWTfg_P̂\P\YUcQQhVQUWQWÛVZVPQ[XVSY]̂ZXQVcb
TQ\ZUWPYSdZÛ\̀ QUQSYV̂ZUZaVPQijklT̂̀UYXR[XTQTmOPQR[XTQQUQS̀b̂TRXZVVQW
XZ̀YŜVPd̂\YXXbỲŶUTVVPQSQTRQ\V̂]Q\QUVSQRPZVZUQUQS̀beTRPQSQTfmnZSVPQa[UWYo
dQUVYXXYTQSR[XTQTgVPQR[XTQQUQS̀bZaVPQ̀QUQSYV̂ZUX̂̀PVaZSVPQT[RQS\ZUV̂U[[d
Q̀UQSYV̂ZUT̂TRQ\̂pQWmnZSVPQTQ\ZUWPYSdZÛ\̀ QUQSYV̂ZUZaVPQijklT̂̀UYX
R[XTQTgYaQYT̂cXQRZ_QS\ZU]QST̂ZUZaqrs T̂YTT[dQWm

tJuFI=N;Juvw;x?IyG=uHzI?I;<MGE=IN?NLJ>E={E|E>Jz??}E?>;{?uGNA ~U

\ZU\X[T̂ZUg~PY]QRSQTQUVQWVPQ\ZU\QRVYUWQhRQŜdQUVYXTQV[RZaYPZdQoc[̂XV

W[YXoTVỲQUZU\ZXX̂UQYSZRV̂\YXRYSYdQVŜ\YdRX̂pQSeijklfm~VTQh\QRV̂ZUYXXbP̂̀ P

SQRQV̂V̂ZUSYVQZa����aYSQh\QQWTVbR̂\YXZT\̂XXYV̂ZUaSQ�[QU\̂QTZaln�V̂RTmlT

Y\ZUTQ�[QU\QgVPQijkl T̂TQYdXQTTXb\ZdRYV̂cXQ_̂VPT̂̀UYXWQdZW[XYV̂ZUYV

PYSdZÛ\TZaVPQV̂RVYRR̂Ù aSQ�[QU\bYUWVP[TĝWQYXXbT[̂VQWaZS[TQ̂UTo�ij�

QhRQŜdQUVTm�ZSQZ]QSgYTVPQW[YXoTVỲQijklWQT̂̀UYXXZ_TaZSR[dRWQRXQV̂ZUg

Qh\̂VYV̂ZUR[XTQT_̂VPXZ_RZ_QS�[\V[YV̂ZUTYSQ̀QUQSYVQWgRSZd̂T̂Ù P̂̀ PT̂̀UYXo

VZoUẐTQSYV̂ZT̂UR[dRoRSZcQQhRQŜdQUVTmj_̂Ù VZVPQcSZYWcYUWYdRX̂p\YV̂ZUÛ

VPQUZU\ZXX̂UQYSg�dỲ \̂oYÙXQ�̀ QZdQVSbgVPQT̂̀UYXR[XTQW[SYV̂ZUTYSQ_QXXcQXZ_

�����gaY\̂X̂VYV̂Ù Qh\QXXQUVVQdRZSYXSQTZX[V̂ZUm

OPQijklRSZ]̂WQT_̂WQXbYUW\ZUV̂U[Z[TXbV[UYcXQT̂̀UYXR[XTQT\QUVSQWYV

RPZVZUQUQS̀Q̂TSYÙ Û̀ aSZd�����VZ�����e�����VZ�����fmj_̂Ù VZVPQXYS̀Q

YdRX̂pQWR[XTQQUQS̀Q̂TcQV_QQU����YUW�����ĝUVQUT̂V̂QTT[�\̂QUVVZ̀ QUQSYVQ

VPQTQ\ZUWPYSdZÛ\YSQSQYŴXbY\P̂Q]QWY\SZTTVPQQUV̂SQV[ÛÙ SYÙQmOP̂TZRV̂ZU

a[SVPQSQhVQUWTVPQTRQ\VS[dZaRPZVZUQUQS̀Q̂TRSZ]̂WQWcbVPQijklaSZd�����

VZ�����en̂ [̀SQ�m�fmlWŴV̂ZUYXXbgVPQTQ\ZUWPYSdZÛ\ZaVPQXYTQSa[UWYdQUVYXg

�q



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

���������������� �!��"�#"�� �$������%�&'" �()%� �*'���"+��,�&�� �����-./0

� �&%1��2'"%&����" %'���%2����3��2������!� �#"����'"���!�%"��2�4�% ��%��

&'" � 2%�&'4&3&�%#� �'��� %2�&"��,%��%2*'���'44������" (

5��,���$��,�&����' ��6�,��� ���#��-./0�  %'���2%�'"���2� �&,%�%�$����3

��%��1�1�"" �"����!�"+��!� ��6����,�2�4�% ��%���+��4�� ������"�������� &%� �

%2)%'"%4#3#%'���"����%�7,%"�&��� ����%����''4 ���� ���,�!�����8��" 

4�6���)�9:�(

;<



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


��������

���� �!"#$"!#%&$'%(! �)�%�**)%!#�)+,#-.#�/%(!/%#$�0,$�+$*11��2��0

$' �)/�3$�!32�*!�/�$�)+!+!4%#$�5($+!")�#/67(�4(�/4)�/!21&%(!%�0(%/")%�)+
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��'$#*)%�$�"#$4!//��06!>!�)%#$$*%!*"!#)%�#!<?$7!>!#62!/"�%!%(!�#"�>$%)+

#$+!��%(!��>!/%�0)%�$�$'/!*�4$�2�4%��0>)�2!#@))+/*)0�!%/6%(!�+%#)')/%

2&�)*�4/$'%(!/!!+!4%#$�3($+!")�#/()>!#!*)��!2��!="+$#!2<A$#!$>!#6%(!

"$%!�%�)+��B�!�4!$'/($#%3+�>!2*)0�!%�4B�4%�)%�$�/6/$34)++!2")#)*)0�$�/C:DEF

$�%(!2&�)*�4/()/�$%1!!�4$�/�2!#!2&!%6)+%($�0(%(!&()>!1!!�#!"$#%!2%$

"#$>�2!)/4)%%!#��04()��!+��>)�2!#@))+/*)0�!%/)%%!*"!#)%�#!/')#)1$>!

%(!,�#�!%!*"!#)%�#!FG<

H�%(�/4()"%!#6H7�++2!/4#�1!($77!4$*1��!2/�134&4+!%!#)(!#%I"$+)#�/)%�$�

/"!4%#$/4$"&7�%(�!)#38!+2"#$1��0)�2)7�2!+&%��)1+!/$�#4!'$#"($%$!=4�%)%�$�

%$!="+$#!%(!�+%#)')/%2&�)*�4/)�22�!+!4%#�4#!/"$�/!$'")#)*)0�!%�4!=4�%$�/��

1�+9)�2*$�$+)&!#,#-.#<J(!2�/4�//�$���%(!#!*)��2!#$'%(�/4()"%!#'$++$7/)
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./012345678/92:;9:<3/=>03;:?>@3A?:B/>C3DE2FG2;>=<B35>HIJKLMNO
PLMQRSQNJTRUNKVJLMNOWQXYQZNPJO[L\MO]̂L\S_]ÒaǸ[ZRQL[\K[̂ NOR\SKT[
MQVZKNOORSQNJTLMbcNdLZN\̂ PR\RONV[QZefghijHk\cZLK]NKRPLMURQM[PLMQRZMRJV
LPNS[RUKT[WQXYQPR\RONV[QUQRP>HlTLMTLZN̂mNM[\KKRN_LONV[QeYghi

456n3>2op3BD23;<:@;3:?j1Bq>@D=:@:B>r32

E2FG2

F>=<B3?>j2/9>C/:@>@D9s>2>9C32/;>C/:@5 I]QZNPJO[ZMR\ZLZKRUWQXYQaǸ[ZH

lTLMTNQ[P[MTN\LMNOOV[dUROLNK[̂ R\XLItONV[QZeKTLM̀\[ZZHuvwxyhUN_QLMNK[̂

R\NJzzĉRJ[̂ ZLOLMR\Z]_ZKQNK[e_RQR\ R̂JN\KMR\M[\KQNKLR\Hu{|}~�MP���

���|{|}
t�MP��hi�\RJKLMNOPLMQRZMRJ[L\K[SQNK[̂ L\KT[\[NQc�[ÔPLMQRZMRJ[

NOORlZ]ZKRRJKLMNOOV[dNPL\[KT[[dUROLNK[̂ WQXYQZNPJO[ZR\P[ZRZMRJLMZMNO[Z

e�LS]Q[�i�Nhi�T[̂ [JLMK[̂ NQ[N[\KNLOZ_RKT_]ÒeV[OORl�_O][hN\̂ PR\RONV[QefgH

UNL\K_O][haǸ[ZHlTLMTHRlL\SKRKT[ZKQ]MK]QNON\LZRKQRJVRUWQXYQH[dK[\̂ NOR\S

KT[MQVZKNOORSQNJTLM�cNdLZi�]QKT[QHl[MN\PLMQRZMRJLMNOOVLPNS[KT[WQXYQaǸ[Z

������lLKTKT[_]LOKcL\NKRPLMURQM[PLMQRZMRJ[]ZL\SKT[ZNP[P[KNOOLMKLJHKRlTLMT

KT[RJKLMNOJ]PJN\̂ K[QNT[QK�JQR_[J]OZ[ZNQ[MR]JO[̂ KRURQZcX�If[dJ[QLP[\KZ

e���KkQ���Y�H�RM̀VfR]\KNL\�N\RK[MT\RORSVHggWhikPJRQKN\KOVHNKRPLMURQM[

PLMQRZMRJVe��fhNOORlZ]ZKRL̂[\KLUVNKRPLMNOOVKTL\PR\RONV[QaǸ[ZHNZZTRl\

L\�LS]Q[�i�_ [̂JLMKL\SN\L\cZLK]Q[MRQ̂[̂ ��fLPNS[RUNWQXYQPR\RONV[QeO[UKH

fghN̂mNM[\KKRN_LONV[QeYgHQLSTKhi

n3>2op3BD/@�3;C/0>C/:@:?E2FG25 �T[PLMQR\cZL�[̂ ONK[QNÔLP[\ZLR\ZRUKT[

PR\RONV[QMQVZKNOZNQ[P]MTZPNOO[QKTN\KT[̂ L�QNMKLR\OLPLKRUK[QNT[QK�J]OZ[ZH
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CDEFGHIJKLMNOGPQPROSTNPGDRPODTUUPUTRVTSWTQXGYZGJP[\] _̂̀abcd_ef_
_edghijhklmh]hjc̀hghdhb̀ĵ]nôdh_cajga]pjqrjia]̀hjb̂]]hb̀hkjhkc]ksdeh
bd̂ekglt\ùhjcvcjacsdhkhdcw àfh[xy[c h̀jcohj̀z_ĵsh_edghisdeh[dhùlag
b̂e_dhk`̂ òhhvc]hgbh]̀]hcj{hdk ûcfh̀cddab̀a_trw_ocgh|jhĝdvhkkh̀hb̀â]
û̀ohgbc̀ h̀jhk h̀jcohj̀z}cvhûjfisdeh[jamòla]ûjfc̀â]cŝè òh]c]̂gb̂_ab
kahdhb̀jabjhg_̂]gĥ ùohgcf_dhaĝ s̀ca]hkt~[�dhb̀ĵ|̂_̀abcddwkh̀hb̀hkg̀hckw|
g̀c̀hgbc̀ h̀jhk h̀jcohj̀z}cvhûjf�ised�[k̂`̀hkmjhwda]hlc]k_ef_|a]kebhk
boc]mh�� ]̂sed�pjqrjìhcdda]hlcg}hddcgcf̂ ]̂dcwhĵupjqrji_a]�da]hl
ûjc_ef__ô`̂]h]hjmw û������cg}hddcg_ef_khdcw àfhgxy������c]k
xy������[jhg_hb̀avhdwt�oh_hc�vcdeĥuhcbo_ef_|a]kebhk}cvhûjf[����[}add
shc�hŵ sghjvcsdha] òhh�_hjafh]̀g_jhgh]̀hka] òh]h�̀ghb̀â]t

af_hka]mucj|{hdk h̀jcohj̀zg_hb̀ĵgb̂_wt�̂ v̂hjb̂fh̀oagfagfc̀bo[}hûbeg̀oh

h̀jcohj̀z_ĵsh_edghgiqhb̀â]�t�l̀^̀ohc_h�̂ ùohc̀ f̂abûjbhfabĵgb̂_h̀a_

i�amejh�t�c[qhb̀â]�t�lt�ohhvc]hgbh]̀]hcj{hdka]̀hjcb̀g}ào òhpjqrjgcf_dh

a]cv̂defhkh{]hksẁohjckaeĝubejvc̀ejĥ ùoh̀a_c_h�tp̂]gh�eh]̀dw[̀oh
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d��̂� ��a�� ��<�̂��e�fg�a���� <��! à ��!]�̂�̀ �̂���h�������������î���
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�̂�� ̀ �̀�5 à ��������Du�vw ���̂���� ̂�����������������!� ����c��qe�fg�

��y}8x��������z|:<���� _��5̂���5� ����]RS)T2%�
#S�$���3��5���93|���̀���!

�̂�� ���� ��� c!��̀����!̀�����a��c��qe�fg�8�G0/-�?%���vw: ���5!����̂�

� ���

�),-2%

�JKLMNOP
Q RS)T2�

#UVWNXSYT
�JKLMNOP
Q �#UVWNXSYTZ

%

�JKLMNOP
Q �#S�$����#UVWNXSYT
�JKLMNOP
Q �#UVWNXSYTZ

A 893�:

_̂��̂7� ���k�!�̂���b��������̂�k����̀ ��c��5��̀�̂���̂�̀ �à j�������!�5� �3
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iung�hbleuhaineehchsehcnuhce�ecngafhgê���|��~��� ¡�¢£¤¥¦�̂nanljgiefbg
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YXXWt\i\̂WoYiob̂abcWXYZ[\Y][X[̂_Ẁ âb[g[̂[YXX_caŴWbde[̂bfbXbêZWghaWXbcY[Z\r
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[\eWg\̂Yĝ ẀZcaŴWgbgbZo[b\�����������������r�̂ ����������Ûab
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n̂\̂ \Wc̀s_ĉn n̂Y�x�\̀Z�x�ZTbY[̂Tc̀ah
ugqYynT_T̂a\U][naU\WWYb[]bt\̂]bŶn\̀
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hlkhc̀obhlb̀cjdlkbcdlihbĥli
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A1676>7A7<7@167867@1>7@6�G1N7?B@:=9<1<526@1F@B18F1<872746@B3B;694=1:;29<A
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234 5/67

89:;<=>?@ABCD=EFG9CHIJGD==KL=<9E=MGFNH=G;LJI<:=M=<FG9IMFMOP=NOQ
<=HINR=OIJG=<FD=<GSTFR=JI<EHJ<IE U;FMG;E T=NN=E9GG=<H?VWXYZ[\]YXYŴ
_V̀ab]WcdefWge\̂ hijfWf]YecX\kddWYl[icmlYWjXfWYXYWgechYWffŴ[\Xcijd[hXff
gWjjX\̂ XgdlednXfhich]eYdnWoiX\dicpWjjWc[ddWY_qrsbX\̂ tXdWhijfWf
[\dnWWjWgdYeZehd[gfXchj[\tdnXdW\XljWfdYXg[\tdnWWuXgddWYXnWYdvWjWgdY[gZmWĵ
pXwW]eYcxyz{|}~�����

fgnWcWdnXdXjjepfifdeYWdY[WwWdnWWjWgdY[gmWĵpXwW]eYc��n[ffWgd[e\hYew[̂Wf

XfdWhZlkZfdWh ŴfgY[hd[e\e]dnW]i\gd[e\Xji\[dfe]dnWfWdihX\̂ dnWi\̂WYjk[\t

\e\j[\WXYehd[gXjdWgn\[oiWf�

BL=CG<FN�<IFO=M9M:FMOCIEL<=HH9IMIJ9MG=MH=NFH=<L;NH=H? �W\WYXd[\t

dWYXnWYdvhijfWfp[dnjXYtWhWX�mWĵfe\dnWeŶWYe]���gc��XdcWtXnWYdvZjWwWj

YWhWd[d[e\YXdWfgXjjf]eYX\WXYZ[\]YXYŴ hichfeiYgWgXhXljWe]tW\WYXd[\tn[tn

XwWYXtWhepWYf��eYdn[fhiYhefWxkddWYl[icZlXfŴ ijdYX]XfdjXfWYfkfdWcfXYWdnW

[̂WXjgne[gWXfdnWkgX\hYew[̂W]WcdefWge\̂ hijfWfp[dnjXYtWhijfWW\WYt[WfXdn[tn

YWhWd[d[e\YXdWf���������epWwWYxep[\tdednWm\[dWtX[\lX\̂p[̂dn[\kddWYl[ic

mlYWjXfWYfxdnWhijfŴ iYXd[e\e]dnWfWjXfWYf[fifiXjjkpWjjXlewW���]fxj[c[d[\tdnW

Xgn[WwXljWdWYXnWYdvlX\̂p[̂dn��n[fge\fdYX[\dnXfdY[ttWYŴ f[t\[mgX\dhYetYWff

[\ ŴwWjehcW\de]n[tnjkW�g[W\dWudWY\XjhijfWgechYWff[e\fgnWcWf�������dnXd

dkh[gXjjkYWjke\\e\j[\WXYfhWgdYXjlYeX̂W\[\tw[XfWj]ZhnXfWcêijXd[e\��nWjXddWY

[fXge\fWoiW\gWe]dnWehd[gXj�WYYW�WgdxX����\e\j[\WXY[dkxpn[gnXdfi�g[W\djk

n[tn[\dW\f[d[Wft[wWfY[fWdeX\[\dW\f[dkẐWhW\̂W\dYW]YXgd[wW[\̂Wux

�}�}~�� �¡¢�£�}~�¤ _¥�¦b

pnWYW�¡X\̂ �£ Ŵ\edWdnWj[\WXYX\̂ \e\j[\WXYYW]YXgd[wW[\̂WuxYWfhWgd[wWjkX\̂

�}~�[fdnW[\dW\f[dkW\wWjehWe]dnWjXfWYhijfW_fWW�[tiYW¥���XxYŴ fej[̂j[\Wb�§f

XYWfijdxXj[\WXYjkhejXY[fŴ WjWgdYecXt\Wd[gpXwWefg[jjXd[\tXd]YWoiW\gk̈ ¡X\̂

©�
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123456!7 89:;<

=� � 0% ��� #�� >�?$$@#�  %�&�����8#  A��$� 9:BCDE� %#���%��� <:F#�� 

��#������ �$#&� G$ �?HE.IJKLE�#��> �DH

.IJKL-./M
N*+,
N5
7 89:O<

� =&� G$ �?H?�@��� ��#�� � � ��� %��%�� #� ?��$@�##H@@ ���?���HD���%P

 � %���$�%�� ? ��� &� G$ �?H8#  A��$� 9:BC?E� %#���%��� <:F����� �

��� �#��� #E��  Q ?��&# �&P#�  � ����(R)��#��D ��S ������??�$��TU��? �� 

@�#���� �# E? ����������&�� ��# ��$�#  "� �� �? #����� �� &��?��> ��% "E��

�#% ��H %=���� #� ?����� � �%��� %� �&�� �$�# :F#�� #$��E�� � @�����

��� �#��H%�#���D$������%E��$#E�� ������ �����# #��&�*+,�� %�#���� %8A��P

$� 9:BC�EDED��?S%�#� %��� #<:V��# G$ ���HE�##  ���A��$� 9:BC?8D��?S%�#� %

��� <E# �&P#�  � ����� �%#�����#H@@ ���?D���% �����&�� ��# �#� ?��$@E=� � 

�� #�  � � %D�?S�&�� ��# ��$�# � � ��� #�#����� �D�$ #��&�?�@��� %���� 

� %#��&���%$? %DH�� #@���� %&�����&�� � @�������� �#��H �> ��� :

U �&P���# @�%$�������&��� �# ��# ��$�# #�#��=�H#�??�@���� %DH# �&P&�?$#���E

=��?��#����� � Q ?��&�� ��� �#��HP% � �% ��� &��?��> ��% ":W�#���# �# @��

��������X�$##���D �@���Y� ��%E�??��%�����ZG$�����89:[<E�� ?���� ��

�� � &��?��> ��% "�##$@ #���% ���?��#������#��� 8A��$� 9:BC%E <:\ �? E�� 

�����P��%$? %���%� ���&�� � &��?��> ��% "���� ������ ��@ %�$@������� 

��%���?���%���� �&�� D �@&�?$# #�� ��# ��$�# :FD�> �#�P?��� %?����?����= �E

# �&P&�?$#����$�= ���#%�Q��?����E� �%�����% � ����������&�� D �@G$����H��

 > �%�@������&�� ������ ��@ %�$@'():]� � &�� E���#�@� ����> &�� ̂?� ��

?�@�� ##���#?� @ #��@������ ��  Q ?��&# �&P&�?$#���E=��� @�"�@�#���#� ?����

D���% ����DH# �&P���# @�%$������:X�#PY�� %�����=P?�� �������??�H#���YD� #'_̀

�� �� � ����=�H���?�� >  "�� @ #� ?����D���% ����=�����=��## #'__a(RRa(Rba(Rc:

d=������� ���� ?����?����= ��&��# #E% ���%������&�� D �@G$����H?�$# %DH

# �&P&�?$#���?��D �> �� %:\�= > �E��#�@$���� �$#�����> ��� ��%� �S��= �#E

ef
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RSTUVWXYZ[\]Ŵ_̀abcdWefgÛchSficigdŴ_̀_fjUdSiTcklmnoopmqpqrsqoprt
squsvwxsyzs{|w}mqpqrsqosvmoszxnvosmom}nq~rpwqw}rp�s��k��sqwqvpqsmz
x�moso�p}r���pq{n~s{�tosv}�x�mos�w{nvmrpwq�mor�som�srs�xwzmvorzn~rnzs
mor�spqrsqoprtsqusvwxsmq{vsm{orwjk�sqszmrpwqw}qs�}zs�nsq~t~w�xwqsqro�
�p�nvrmqswnovtkw�pq�rwr�slmnoopmqo�mxsw}���r�s~sqrzsw}r�sxnvospo{svmts{
�pr�zsoxs~rrwr�svw��pqrsqoprt�mq�okzsonvrpq�pqosv}�orssxsqpq�y�vm~�{mo�s{
vpqsopqc�j|�gk��soxmrpmvpqrsqoprt{porzp�nrpwqw}mlmnoopmq�sm�rzmqouszomvrw
r�s{pzs~rpwqw}xzwxm�mrpwqpqm�����s{pn�pq{n~soWkmqs�nmvvto�mxs{~�mq�s
w}r�szs}zm~rpuspq{s��_k�om~wqos�nsq~sw}r�spqrsqoprt{sxsq{sqrzs}zm~rpus
pq{s�kr�s�mus}zwqro�s~w�s~wqusz�sqryzs{vpqso|k~mnopq�ow�~mvvs{osv}�}w~nopq��
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������������� !"#�$� �$�$�����%$�� !�&�'$�� �(����$��( ' &$)�'� ����&

��$!��&$%��� �(�� #�!����*��$����� !�$�+�,

-��!��$ ���$��� !#�� ($���&��#+!.'$(� ����($'+!��� ���$!!�/012/03�� '��$

��#+���$����4+$����'��$��+!�� �����! �$��+!�$�5�����&�$6��$��� �($7�$!!$��

�+��+�#$ '4+ !���,8�$# ����($ ���.$���$(��9�&+�$:,;;<=����$��$! �$�

�+!�$���$�$ �$(!�*��+�$(���� ���!��$ �>?@A'$(�+')5�$�$����#�� ($�$(#�

�$!*B�� �$'�(+! ����,9��$ ��� ������+&���$#�� ($���&'$(�+')��$*�� !

(� '$�$�������$���#$! �&$$��+&�*����$�$ .��5$���#$5$!!#$!�5��$������ !

��5$� �(��+�)�$!*B*��+���&� �#$�$&!$��$(,8�$����$����(��&����� !�� ��*$�

' ���7)CDE)5����$�� �!� *��+���&$!$'$��F �(*�$$B�� �$���� & �����%$���$

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

=�+�� #!$'+!��� ��&$�'$�������$H$�������$!!/0I)5�������������*�5����� %$

'������* ���&$ �����$��� ��''������� ! 7��J�$$9�&+�$:,;;#K,L�$� #$ '

����+�!$(������$�$!!%�  �' !!���.�M'�������*�����*��$�*��$�$!!'������)

��$�$N$��������$ ���$!!'�����*��' �$!!����� !� ��$��J�$$9�&+�$:,;;�K,O�

�+���&��$(��� ��$)G)#$�5$$���$'������)��$� � (P+����$ �&!$Q#$�5$$��5�

����$�+��%$�$N$������,R�����5 �)��$! �$��+!�$���#$#�� ($�$(� ��� %$��$

 ���!��$ �'$(�+'�! �$(5�������$�$!!'+!���!$�$���*��'$�#$*��$��$� �$

��+�!$(�+�%� ��$���.�M'�����,-�� #!�)��$'+! �$��$#$ '� +����($����$(��

9�&+�$:,;; )5�$�$��$#$ '5 �����!�� �$(����$�$���$#$�5$$���$�5�*��+���&

$!$'$���)'�($' �����&���$4+��$(��.$$���$*��+�����$��''$����! �$�*��$

H$�������$!!*��$%$��� ��,8�����$�()��$S +��� �#$ '� � '$�$�)TU)�+���($

��$�$!!�����(�����$(5��� �$!$����$)�+���� �TV������� ��*��$%$�����&!$� ��)

W)����($��$'+!��� ���$!!)5������($����#$(#���$�� ��*$�' ���7)CDE,R� 

'�($B' ���$(H$�������$!!)��$ '�+���*��$��� !#�� ($���&� ���$�#$�+�$(

5����+��� �&��&��$���+��+!�$$�$�&�<O�'�%��&��$>?@A'$(�+' !��&��$

����� ! 7���*��$�$!!)��$! �$����$���������($��$'$(�+' �(��+�)��$���!��$ �

�� �$���*�� �#$�$ (�!�% ��$(,8���N$7�#�!���� �! �$�#$$7�!���$(���$����$

 ���$% #!$# �(5�(���*�$� �$��X�+!�$�*��'�+���%$!4+ ��+'5$!!$'���$��,

R�����5��.)����!! #�� ����5���Y��*,Z!$&Y����� �([�!� �9������)5$

($��&�$( �(#+�!� ��'� ��)��'$B#+�!�H$��������'��$������$!!����$��� !!�

#�� ($� �(��'+!� �$�+�!���'��$�����$��$�$ �B��*� �$(�+'��+!�$�*��' �

���$�#�+'"#�$ '�!�"$�,O������$��� !�$!!'������� %$ � (�+��*�+�% �+�$�*

\]
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56789:;<==>?@:A8BC6DEFFG9H:996GCCI:BB<EJKLMLNOLPOQRPOSTUQPOVMNW
XRUPPMRLYORZTRSRZONOSJ[JMPSOTORNO\Q]̂_̀UPO\MLN_RabcdZO\MUZJVWOSOMNMP
YS_R\OLO\Y]POQ̂eTWRPOZ_\UQRNM_LfghijkKPMLlQOTRPPNWS_UlWNWÒOQQ̀RLYO
\OP̀SMYO\Y]RNSRLP̂OSZRNSMmJnopJML̀QU\MLlR̂_̀UPMLl_TNM̀RQOQOZOLNfqjRL\
ŜOOePTR̀OTS_TRlRNM_L_rOSNWO\MPNRL̀OsktJu_ZTR̀NSORQMPRNM_L_̂NWOYORZTRNW
MLRvOSSM_NǸOQQVMNWwxTRPPOPkIJi_\OTRNNOSL_LR̀OQQZMSS_SJMZRlO\Y]RL
ML̂SRSO\ R̀ZOSRkyWOzSPN̂_USSO{ÒNM_LP_LNWOZMSS_SRSOLUZYOSO\OmOZTQRSMQ]k
yWÒ_LPNRLNRLlUQRSPOTRSRNM_LYONVOOLNV_PUYPO|UOLNSO{ÒNM_LPMP\OL_NO\RP}~k
yWOTUQPOPRSÒ_UTQO\MLRL\_UNrMRRSÒNRLlUQRSZMSS_SfTM̀�_�ZMSS_Sjk

�����RL\RSOTQR̀O\s������RTRSNk�LNWMPlO_ZONS]JNWOL_LQMLORSZO\MUZJ

RÛPO\PMQM̀RVML\_VVMNWRNWM̀�LOPP_̂������JVWM̀WMP̀_RNO\VMNWRLRLNMe

SO{ÒNM_L _̀RNMLlJMPTRPPO\wxNMZOPY]NWOQRPOSTUQPOPk�_NRYQ]JOrOLNW_UlWNWO

_TNM̀RQTRNWMLNWOvOSSM_NǸOQQOm̀OO\P���JRPRSOPUQN_̂NWOPOQ̂eMZRlMLlSOP_LRN_S

lO_ZONS]JNWOYORZT_MLNMLlPNRYMQMN]MPL_NPMlLMz̀RLNQ]R�ÒNO\k�WOLVÒ_UTQO

QRPOSTUQPOP̂S_ZRL]NNOSYMUZzYSOQRPOSfTUQPO\USRNM_LJ������TUQPOOLOSl]J�����

SOTONMNM_LSRNOJ����jMLN_NWOZUQNMTRPP̀OQQJNWO]RSOPTÒNSRQQ]YS_R\OLO\MLNWO

abcdZO\MUZRPPW_VLML�MlUSO�k���yWÔUL\RZOLNRQQRPOSPTÒNSUZMP̀OLNSO\

RN������RL\WRPR��viYRL\VM\NW_̂}����f����jkyWOZ_PNPTÒNSRQQ]

YS_R\OLO\PTÒNSUZJVWM̀WMPR̀WMOrO\VWOLNWOYS_R\OLMLlZO\MUZMPTQR̀O\ML

NWÒOLNSO_̂NWOZUQNMTRPP̀OQQJOmWMYMNPR��viYRL\VM\NW_̂�����f�����jk

� 
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���������� !�"#$�%�$ &�'& #%$
�#(�)&�*(��'�+,-./01234/-453/678/9-
:4;071<-4-<8:4<1=-4/12><159-<<10?0-<
234-@215-0,:25-514</9-.7=,0-55-<>5723<
0-<234-@215-0,:25-5A1./34B;7/915,:=,
14<B1/-CD9-8:22E3</91//-4/9=1F3G
=:=;14<E3</93534.0-15-<807=HIJKL
>MNOPQR@/7SOJKL>OONTPQR@A5:,,70/34B
1.7=,0-55-<,:25-<:01/37478HIUVC

WXW WXWY WXZ WXZY WX[
\]̂_̂̀ ab̀bcdeafbgh

i

W

j̀
_b̀
k
l_
e
af̀
ĉm
Xh

nòpqmb̀_qr
ŝ mtcbkkbp

uE34B/7/9-5/0:./:0-<5,-./0:=78/9-;071<-4-<,:25-5A/9-8:22E3</91//-4/9

=1F3=:=>vwDx@78/9-34/-453/6,07y3<-51=70-1..:01/-.9101./-0351/374zw932-

/9-8:4<1=-4/125,-./0:=8-1/:0-51vwDxE3</978HIJKL>MNOPQR@A/9-,:25-5

18/-0/9-.7=,0-55374.-225:,,70/153B43{.14/26210B-0vwDx;14<E3</978SOJKL

>OONTPQR@C

D6,3.1226A/7/-=,701226.7=,0-55/9-5,-./01226;071<-4-<,:25-574-:/3235-5

-3/9-01,035=70B01/34B.7=,0-5570701,13078.930,-<=300705AE93.9.7=,-451/-

870/9-B07:,<-216<35,-05374C|-0-AE-7,-01/-/9-=:2/3,155.-2234/9-5-28G

.7=,0-553740-B3=-AE93.9350-1235-<;6.930,-<.-22=300705E3/91B07:,<-216

<35,-0537478}~�IUV�.7=,-451/34B;7/9/9-234-10<35,-0537478/9-;071<-434B

=-<3:=78.1C~HIUV�>�-8-0-4.-���@14</9-�:1<01/3.,10/78/9-474234-10,915-

34<:.-<;65-28G,915-=7<:21/374C�51.745-�:-4.-A/9-215-0,:25-510-.7=,0-55-<

E3/934/9-.-2214<.7:,2-<7:/E3/91<:01/374.275-/7/9-v7:03-023=3/CD9-=75/

.7=,0-55-<,:25-591y-1<:01/37478HIUVA.700-5,74<34B/71.7=,0-55374;61

81./707812=75/{y->5--�,,-4<3F�C�870<-/1325@Cv:0/9-0=70-A147:/5/14<34B

,7E-0-�.3-4.678���351.93-y-<AE93.935742623=3/-<;6/9-�:123/6780-�-./3y-

.71/34B578/9-.-22=3007014</9-14/3G0-�-./374.71/34B78/9-8:5-<5323.1=-<3:=C

���#���(���%��#(�"%#%$&�#)��)�%)�(���$�(�*(�"%� D9-.7=;341/374781

93B9G,7E-06//-0;3:={;0-215-014<14-�.3-4/,:25-.7=,0-55374.745/3/:/-514
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\̀̂YWQ âXTZW[sZRU]W[�RZUuR\_|

�G5BB98�9K56D; eVRX[WWR\tR_[̀VsR\aR]WZuXRRW[V̀ WQR_R]̂Vt[W[̂V_[__Q̂YV

[V�[̀T\Ry|bzU�PQR]̂V�VRXRVWŝWRVW[UẐaWQRdUe_��� jk��¡¢noV��¡£¡dU���¤¥e_
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âRZR]W\̂V_~R�UVtQ̂ZR_~Q�[VWQR�\_WWŶ _TkkUVt_UẐV̀ WQR̀ \̂YWQt[\R]W[̂V
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]T\\RVW|PQR\Râ\R�WQRQRWR\̂_W\T]WT\RQU_kRRVtR_[̀VRt_T]QWQUWWQRW\UV_[W[̂V
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][f]or[ne[hY\Yb̀]Xkbllb\Yn[VarY[rY\[rY]n[Yo\bXecY\[r]mY}[\be\̀]nb\]Xk

miĥZkZXYabcYde\fcbn]mrYmVbm\Y¢i]\Ỳ hk�b}aYXX£mY¢ib[]enmde\YXYZ[\efbonY[]Z
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le[Yn[]bXb[]n_n][Ylem][]cYbǹ nYob[]cỲ YXbk[]fYmVar]ZrbZ[ibXXk]m[rYZbmYde\

[rYfYbmi\Ỳ _YX̀[\bnm]Yn[g�]oi\Ytv�thjv

wrYYXYZ[\]Z_YX̀m[\Yno[rabmZbX]h\b[Ỳ ]n[rYdeXXea]noabk��YbmmifY[rb[

[rY[Y\brY\[�deZim̀YmZ\]hYmbpbimm]bnwW�§§l\e_XYVarY\Y[rY_YX̀m[\Yno[rb[

�x�



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

����������� !"#��$�%�&'()*+��,-�&�����.������&���.�,���/0.��1�.�

�$���&��2�$�%�3���&,145671���.������&���.�,����8$2$�

9:

;:
4<567=>?�>@

AB567
BCDE !"#

F GH/HI

%.�&�BC��������.�3��88,-�&,����3��(���D�.��-�����$�J.�/0.���&�.�&�K

-8$�����&J(1B567@LMNOP1%��,���8&��%��.���$�'&����-(&��$���&���������&/

Q(����&,����J�.�-�&�������.���&�.�&�K-�%�&�&���,������.&�8J.�-��.�$�

%��.%�$$RS��%����,���&1 !"#%������&,������'�TLLUV1&��8$���J�����&�.�&�K

-��S2�$���LMWWXYZV;[/

\���'$(1���������&��&�]8���(��AM̂W_̀ a�.���&�.�&�K-8$������8&����$(b/cd

�-����$�(�$��%��.���.�efgh�������������(��3�$�-���iNjklGe�J8&�H/)H�1J&�(

������$���1���m--����no/p��&�����$�I/q8�.��8'R.�$�R�(�$�%�3���&,1%.��.

���������������,�����-�����3�2�$�-��S1��$(����,-�����'(���'$���J���3�

�n�8&�����1���.�����$�&�������'�����&$�J.�%�3�R�&�3��q0h/e8&�.�&,�&�1,��(

$�J.�%�3�R�$���&������--$��������1&�]8�&�8$�&��.�&�,���,�n�,�/0(-���$$(�.�

��,-�&�$%���.1rs1���.�2�$��&�����tbu���.�-��S2�$���8�����2J8&�

��,�&��/v��.������n���$�J.�%�3�R�&�3��q0h1rs���J���,���8&����.�

�8���$$��J��,�%����%1����&,����J�.���,-�&�$&���$8�������.��n-�&�,���/e�&

�8&-8$���1�.��%����%�����.�&���rs@wLkl/

xyz{|}~��{��������z�~z}�{�}�z���}yz���� m��&��J$(�8'R�(�$�%�3���&,

,8��'���,-������e�8&��&��,-������1%.��.�-��,8$��-$��-����$����3�����

����$$�����-.���/0.�8$�&�'&���'����&�]8���(�-���&8,���.���&�.�&�K�&�������

�'������'(e�8&��&�&�����&,���.�%���e�J8&�H/)��/v���,-$��8��-��S���
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X̀]WVà[\Z_bd_Wfb̀[_V[|]_̂_ZVapf_g̀[Vhij~�vi

��OMI?<L�N�<HQHQ@L<OMP<LH<GO��@PB TUV̂ \{_̂\]]}\W}̂ V̂Z[_YWU\XVbc
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KF6ECDLCF:K8MNBHBO:C:9JF:9CPQJR:N
ED9S<TUVWXUVYZ[W\U]̂V_̀ aUYUbYUa[cYXW
dWeecf_gX̂ g̀XcaUUeUbYV̂ĥgYcbbVìYWe[cYX
WYXcbjkÙ̀ ]̂lmnopq[XcbX[Ẁ _̂ \Ua
WêkdYXUrUW_Wsc̀riWac̀YWkbÛ ]tuv
ŵ c̀Yc\UtuaUk̂YÙWeWVdUVac̀YWkbUrUh
Y[UUkYXUbVìYWeWkaYXU]̂bf̀ckd_cVV̂Vv
TXUYVWk̀cUkỲ X̀̂[WbeUWV X̀c]Y ]̂YXU
bWVVcUVhUk\UêgUgXẀUqYXÙ ĥbWeeUax̂fi
gXẀÙXc]YWkaWVÛ ỳUY]̂VbeWVcYivTXU
_̂ ỲẀi__UYVcb[W\U]̂V_WYtuznc̀
c̀_feYWkÛf̀eiYXÛkU[cYXYXUXcdXÙYckh
YUk̀cYiqckacbWYckdYXWYcYc̀aUYUbYUackYXU
]̂bWegeWkUv

[XUVUu{ c̀YXU|WieUcdXeUkdYXv}̀ Wb̂k̀U~fUkbÛ ]�~fWYĉk��v��qYXUx̂fi

gXẀÙXc]Y���u�]V̂_YXUrUW_[Wc̀YŶYXU]WV�Uea��u��u{�W_̂ fkỲŶ���v

�ckbUYXU~fWkYf_[UeeU_cYYUVc̀geWbUackYXUrUW_[Wc̀Ŷ]YXUgf_ggfèÙqYXU

U_cYYUaYUVWXUVYZYVWk̀cUkY_f̀YWè̂ rUaUYUbYUaWYcỲrUW_[Wc̀YŶVUYVcU\UYXU

WbYfWe[W\U]̂V_v

T̂ Uk̀fVUYXWYYXUaUYUbŶVc̀geWbUackYXUYUVWXUVYZ]̂bf̀q[W\U]̂V_̀ [UVU

UeUbYV̂ĥgYcbWeeiaUYUbYUa]̂V\WVĉf̀ ĝ c̀Yĉk̀ ]̂YXUaUYUbŶVbVìYWeWêkdYXUrUW_

Wsc̀qVUeWYc\UŶYXU]̂bf̀ckd_cVV̂Vqtu��cdfVU�v���v}beUWVqb̂kYckf̂f̀ X̀c]Ŷ]

YXUbWVVcUVhUk\UêgUgXẀUc̀ r̂̀UV\UaẀW]fkbYĉk ]̂tu�TXUVUb̂VaUa[W\U]̂V_

fkaUVd̂ÙWYVWk̀cYĉk]V̂_Ẁi__UYVcbq̀ckUhecjÙXWgUWYtuzlpp�refU�ŶYXU

_̂ ỲẀi__UYVcbqb̂ c̀kUhecjUYVWk̀cUkYWYtuznpp�gfVgeU�v�XUkYXUac̀YWkbU

ŶYXU]̂bf̀ckd_cVV̂Vc̀]fVYXUVaUbVUẀUaqYXUYVWk̀cUkYrUb̂_Ù_̂ VÙi__UYVcb

WdWckv� V̂Û\UVqYXU�Uea ỲVUkdYX f̀r̀YWkYcWeeiaUgUkà k̂YXUĝ c̀Yĉk ]̂YXU

aUYUbŶVqWeê[ckdf̀ ŶaUYUV_ckUYXU]̂bWeĝ c̀Yĉk ]̂YXUYUVWXUVYZgfèÙqẀYXU

_̀WeeÙYrUW_acW_UYUVb̂VVÙĝkà ŶYXUeWVdÙYckYUk̀cYiv�̀ckdYXUckYUdVWê\UV

YXÙ~fWVÛ]YXUUeUbYV̂ĥgYcb̀cdkWeẀWVUeWYc\U_UẀfVÛ]YXUckYUk̀cYiq[U�ka

YXWYYXU_̂ ỲckYUk̀UYVWk̀cUkYc̀ c̀_feYWkÛf̀ YXU_̂ ỲẀi__UYVcb̂kU�tuzn�q

beUWVeickacbWYckdYXWŶfV[W\U]̂V_̀ WVUaUYUbYUackYXUYUVWXUVYZ]̂bf̀v
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eûp_pvO\y_bgj_bakpe_̀abĝgoêfaui_pcnaj_b_pe_̀afm_lgm_ncboppjclrfrPvyj_
ĝbx_pazcubf_b̀coecr_raq{|}cnaj_og~fouope_̀abĝgoêfaui_sgb_frif̀ga_i
�h�̂g̀�gbbclpv�̂ l̂gm_ncbopgripe_̀abggb_ctp_ancb̀ ĝbfahv

NOPQDYESWHSHGPWHGSX�HQZ�SGHYESWJ �_hcriaj_ĝocpanb__̂haurg�̂_�grid

lfiajcncubrcm_̂_ofppfcrp̀j_o_\aj_a_bgj_bak�_̂ipab_rxajpjcûi�_p̀ĝg�̂_

gpl_̂̂vyj_pabgfrdnb___efag~fĝxbclajcnaj_�ugrauol_̂̂png̀f̂faga_ppag̀�frx
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EFGHIJKLMNOPQRSFTGUVJWJRXYJSZLR[\]̂_̀abc]def̀ ]ghì_jkd_jlef_̀m̀n
ececj]bk_jhopqd_̀̀ ]rejsppqitg̀rc]̂_̀ab̀bef̀ t̀̂̀e_jnjmeĉattuv̀è̂ èvẁtv
be_̀]defiuakâej_jkxyzy{f̀ m̀a|ẁtvjkpyzz|} ĥ~� �̀̂`̀vbefaed̀]̀_aèv
k_jhabmc]e_j]ĉè_af̀_e�̀hceè_qmg_mt̀ry�[{f̀ m̀a|ẁtvjkijef h̀ceè_blcef
opqd_̀̀ ][hgtecmtc̀viuakâej_jk�kj_ìeè_̂jhma_aictceura]vsppqitg̀r�ga]n
eghl̀ttbb̂at̀btc]̀a_tulcefef̀ mghmmgtb̀ ]̀̀_duy�]tuae�̀_ufcdfc]è]bcec̀b
baeg_aecj]b̀ebc]y

{jì]̂fha_|ef̀ âfc̀�̀vẁtvbe_̀]def[l̀ ĵhma_̀ef̀ d̀]̀_aèvè_af̀_e�la�̀n

kj_hlcefefaejieac]̀vk_jhâjhh̀ _̂cattua�actait̀bmc]e_j]ĉ h̀ceè_q�������[

{̀_a�mc]{̀ �̂hi�r[̂jhmjb̀vjk�qo]hr��j���̀�����qsy�]hr��eqo]hr
���qb̀̀

�̀ êcj]�yo[�cdg_̀�y�̂ry{fcbe_ctaù_be_ĝeg_̀k̀aeg_̀belj]j]n]jhad]̀eĉtaù_b

q� a]v�erlcefjmmjbcèbcd]jkef̀ _̀bm̀ êc�̀ bmc]�atta]dt̀[� ¡[lfĉf ĵ]�̀_e

ijefef̀ iâ|la_vna]vkj_la_vn¢jlc]dbmc] ĝ__̀]ek_jhef̀ ^̀]e_̀vk̀__jhadn

]̀eĉ�j�̀�taù_ejag]cvc_̀̂ ecj]at̂fa_d̀ ĝ__̀]e���y\]efcblau[ef̀ d̀]̀_aèv

è_af̀_e�ẁtvcbamm_j�chaètuvjgit̀v ĵhma_̀vejef̀ bchmt̀ictaù_̀hceè_

c]e_jvĝ v̀c]�cdg_̀�y�̂y

£]m_̀̂ v̀̀]èvjmeĉatmghmc]dlcefa] ]̀j_hjgba�̀_ad̀mjl̀_jk¤¥¦ _̀�gc_̀b

jmechcbc]def̀ ef̀_hate_a]bmj_ec]bcv̀ ef̀ h̀ceè_y{jefcb̀]v[l̀ ĵjtef̀ h̀ceè_

eĵ_ujd̀]ĉèhm̀_aeg_̀blceftc�gcv]ce_jd̀][c]̂_̀abc]def̀ ef̀_hat̂j]vĝec�ceu

jkef̀ bammfc_̀bgibe_aèiuakâej_jk§p̂jhma_̀vej_jjhè_hm̀_aeg_̀ �̈©[lfct̀

ef̀ è_af̀_e�̀hcbbcj]cbia_̀tuc]¢g̀]̂ v̀�̈�y�f̀]l̀ mfjej̀�̂cèef̀ bmc]e_j]ĉ

h̀ceè_lcefef̀bah̀ mghmmgtb̀bgb̀vkj_ef̀�ga]eghl̀tt̀hceè_bc]e_a]bhcbbcj]

d̀jh̀e_u[ef̀ la�̀kj_hbfjl]c]�cdg_̀�yosaqmc]|rcbv̀è̂ èvy{f̀ bgin̂ût̀

è_af̀_e�e_a]bc̀]em̀a|bae¥ª«¤¬­®̄ ~�[̀�̂`̀vc]def̀ be_j]d̀be]̀daec�̀ �̀̂g_bcj]
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plahkjdrpossâpp̂e p̀̀ vhkp̂nôkv̂h_l]̂ ���bĉde k̂]̀kv̂î kl~\]̂ fmel]h_

l]̂ ĉdevâpl[����y��mphkdrpdmj]ldrmkvầ p̂evhis̀âelhl]̂ okempŝap̂e

k̂ àbĉdef̀ĝ_hai[f]mv]]̀p̀ âpŝvlmĝfmel]h_�y��|�mjoâ�~��e}~\]mpâpodl

vd̂̀adrêihkplàl̂pl]̀lf̂ à̂ q̀d̂lhsâvhkemlmhkl]̂ _̀abĉdev̀aam̂af̀ĝ mk

k̀ d̀ihpldhppb_â̂ ì kk̂a[pov]l]̀ll]̂ mkmlm̀d[âì aẁqdr̀ priîlamv_̀abĉde

f̀ĝ_haimpì mkl̀mk̂emkl]̂ k̂ àĉdeh_l]̂ lmsbp̀isd̂�okvlmhk~
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p̂kl̂è khĝd[pv̀d̀qd̂l̂à]̂al ̂imll̂avhkv̂slq̀p̂ehkps̀lm̀ddrmkemâvlmkl̂aq̀ke
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d̀p̂ad̀okv]̂podlà_̀plp]m_lvoaâklp[f]mv] à̂nôkv]̂eqrì krbqher¢hodhiq

vhaâd̀lmhkp~�kl]mpf̀r[̂�lâî dr̀ priîlamv[poqb]̀d_bvrvd̂l̂à]̂al f̀ĝ_haip
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pv]̂î [f̂ v̀]m̂ĝ ŝ ẁĉdep̂�v̂ êmkj§̈§©ª«{�� k̀ehvl̀ĝbps̀kkmkjpŝvlà

vhĝamkj_ânôkvm̂p_ahi ÿ�¬¥¦lh�§̈£¬¥¦~­fmkjlhl]̂ ĝap̀lmdmlrh_hoa

s̀sah̀v][f̂ k̂gmpmhkl]̀lmlì rq̂ è̀sl̂e_haì krihâ s̀sdmv̀lmhkpmkvdoemkj
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c\jc]bg]fbaarjr����bge}����ydZĉZl]fnZaryjZ_[dZdZblYfgmbc]Zber̂ [cf]f[g

b_]Zd�����ocZZ�fm\dZ�qzbpq�f]Y]YZbl]fnZjZb̀ c]bjfafcb]f[gZgbjaZey]Yfc
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OXQ̂ RÒ]WTOXSb\̂YQb[ijk\̂YQb[lmQ]ZZSQbZQb̀ QbO]T\OX\̂YQb[inl[f̂Ob[bTSQY
[̀WQge
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d[̂[ad̂ [̂ [eajô bagajkZX��������� ĝc[eafj\cml[hdmdac d̂[ea\dlhbb̂[\j
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LcZ[P\X] ÔP__LXc\PaaRbdefghijfklmnohpfqrjstjguvwdmfrjxfyfklmno
hpfqrjstjguv\dmfqszhrjiqrfkhpfqrjg{gup{xrikf|}{gq~�gzkp�ghf|jfk�v d̀
mfqszhrjiqrfkrfupsjg{xzrfzhxr�fzyf{spf|jfk�gzkxzrfzhxr�fzyf{spfs�r�flsijxfj�
{xuxrfk|l��pi{hf�xr�r�fhgufhpfqrjiuv��fjfhpfqrxyf�i{{�xkr�gr�g{�
ug�xuiuxhtxyfzxzpgjfzr�fhfhv

�z�fqrxsz�v�dr�f{ghfjpi{hfhihfkrstfzfjgrfgzktgrfr�fxzrfzhfd}jsgk}gzk

rfjg�fjr�pi{hfhgjfqsupjfhhfkxzgui{rx�pghhqf{{qsupjfhhxszhq�fufv��fgusizr

s�hpfqrjg{}jsgkfzxztgzkdr�ihdr�frfupsjg{qsupjfhhxsz�ghrizfk}�usyxzt

r�fzsz{xzfgjufkxiug{sztr�f}fgug�xhs�r�fqf{{vlxtijfh�v�rs�v�kfpxqrr�f

jfqsjkfkgzkjfrjxfyfklmnorjgqfhgh�f{{ghr�fqsup{f��yg{ifklsijxfjhpfqrjiu

gzkrfupsjg{xzrfzhxr�fzyf{spfs�r�fjfqszhrjiqrfkpi{hf�sjkx�fjfzrkxhrgzqfhs�

r�fzsz{xzfgjufkxiu�jsur�fqfzrjfs�r�fui{rx�pghhqf{{v

���



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

� �

� �

���� !��"#$%&"'!���

()** * )**

+,-./0123,04567

)8*

8**

9
:,
;
<
,
=
>
/
04
?
@
A
7

$�'!B�C��"#$%&"'!���

()** * )**

+,-./0123,04567

)8*

8**

9
:,
;
<
,
=
>
/
04
?
@
A
7

D8* DE* F** FD*

9:,;<,=>/04?@A7

*

G

H=
1,
=
6
21
/
04
.
I<
I7

(G

*

G

(D** * D**

+,-./0123,04567

*

G

H=
1,
=
6
21
/
04
=
J
:3
I79K04F)0567

L=M,-JN,04OG0567

P
N
,
>
1.
-0
N
Q
.
6
,
04
R
7

*

G

H=
1,
=
6
21
/
04
=
J
:3
I7

*

G
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kldeaẀebcXdXmbWX̀ abcXd̀efWXggT̀mdXiiZjnopqrstpuvwxyrzp{|t}~tq��
�nwp|t�p�puvwxyrzp{|t}~tq��dnwp{}�r|ts{|purzp{|tq�q�z��|sup���q{��q�u
z�qrp�tpu��hnwp{}�r|ts{|pu|p�z}tq���|p�r�|�p��p�}zp�tpu�q�u��|p�r�|�
p��p�}zp}�|�pv}st�pt�����|pu�v��zs�rp��|�|�prq�przp{|ts����ptprzp{|��p
�s����u|�q|�q���q���s��r~��p���zqtp�|�prpr�

���



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

�������������������

� !! !  !!

"#$%&'()*#'+,-.

 /!

/!!

0
1#
2
3
#
4
5
&
'+
6
7
8
.

����9�:�������������

� !! !  !!

"#$%&'()*#'+,-.

 /!

/!!

0
1#
2
3
#
4
5
&
'+
6
7
8
.

;/! ;<! =!! =;!

01#23#45&'+678.

!

>

?4
(#
4
-
)(
&
'+
%
@3
@.

�>

!

>

�;!! ! ;!!

"#$%&'()*#'+,-.

!

>

?4
(#
4
-
)(
&
'+
4
A
1*
@.0B'+ >',-.

C4D#$AE#'+F ',-.

G
E
#
5
(%
$'
E
H
%
-
#
'+
I
.

� J

� �

!

>

?4
(#
4
-
)(
&
'+
4
A
1*
@.

!

>
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Z[P\X] ÔP__LXd\PaaRbefghijkglmnopiqgrsktukhvwxengskygzglmnop
iqgrsktukhvw\engrt{iskjrsgliqgrskh|hvq|ysjlg}~|hr��h{lq�hig}kgl�w è
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