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Conformité aux normes et aux données de test/
Déclaration de conformité UE
5G QSPFVKU S^QPOF CVX GXKIGOEGT FG UPVUGT MGT
FKSGEUKWGT GVSPQ^GOOGT GO WKIVGVS CKOTK RVe[ UPVUGT
MGT OPSNGT JCSNPOKT^GT EPSSGTQPOFCOUGT& RVK
QS^WPKGOU MG NCSRVCIG 57(



(

.1-240(6.215 ,6 4,*200(1+(6.215 +,
5U*74.6U

4><P<C;@>

^ 1DPR@HLQ BMKNMQ@LRQ DR J"DKA@JJ@FD CD TMRPD J@TD&T@HQQDJJD
ea`f XSTd[cg�e � bSdf[d VW _Sf�d[Sgj dWUkU^ST^We(
^ 6DQ [J[KDLRQ DL K@RH\PD NJ@QRHOSD NMPRDLR JDQ HLQBPHNRHMLQ
[`fWd`Sf[a`S^We 4 $7H=6 & 7HJ6 & 7HGE6& 7HH6& ((((%
^ 6DQ [J[KDLRQ DL B@PRML QMLR E@APHOS[Q X N@PRHP CD N@NHDP
dWUkU^� Wf Va[hW`f �fdW V�bae�e VS`e ^We TSUe VW fd[ e�^WUf[X
bd�hge � UWf WXXWf(
^ 7D N@Q NJ@BDP BDQ K@R[PH@SU C@LQ JDQ A@BQ X C[BGDRQ' 6DQ
V�baeWd VS`e g` UW`fdW VW dWUkU^SYW(
^ 1MLR@BRDP JDQ BDLRPDQ BMLBDPL[Q NMSP MARDLHP CDQ
[`Xad_Sf[a`e egd ̂ We _�fZaVWe Wf ba[`fe VW _[eW Sg dWTgf(

.E?FID;KBFEJ => JW<LIBKW

#71 08')/2*.- () 4.20) &//&0)*+

^ >[PHEHDW OSD JD J@TD&T@HQQDJJD L[ QML DKA@JJ@FD ZVU[ DUDKNRZ
VW fagf Va__SYW( FW V�_SddWl \S_S[e S$SbbSdW[^ Z$PS Wef
W`Va__SY� VW cgW^cgW _S`[�dW 5 Ua`fSUfWl ^W eWdh[UW
Sbd�e'hW`fW KL ]V[YL THNHZPU YL]LUKL\Y ZP UcJLZZHPYL(
^ 2[A@JJDW JDQ K@R[PH@SU C"DKA@JJ@FD BMKKD HLCHOS[ DR
_WffWl'^We Sg dWTgf Ua`Xad_�_W`f Sgj d�Y^We Sbb^[UST^We(

$.*-21 *,/.02&-21 /)-(&-2 +!*-12&++&2*.- (3 +&4)"4&*11)++)

^ A`efS^^Wl hafdW ^ShW'hS[eeW^^W VS`e g` W`Vda[f SV�cgSf L[
b UP]LH\& `W baeS`f bSe VW d[ecgW bagd ̂ S e�Ugd[f�(
^ 9PMB[CDW X J"HLQR@JJ@RHML DR @S P@BBMPCDKDLR CD TMRPD J@TD&
hS[eeW^^W W` eg[hS`f ^We [`efdgUf[a`e(
^ ;W ^ShW'hS[eeW^^W `W Va[f �fdW [`efS^^� Wf d�bSd� cgW bSd g`
eWdh[UW Sbd�e hW`fW SYd��(



)

^ 7"SRHJHQDW OSD JDQ NH\BDQ C[R@BG[DQ C"MPHFHLD'

^ 0T@LR ^#[`efS^^Sf[a`& h�d[X[Wl cgW ̂ W ̂ ShW'hS[eeW^^W Wef
V�TdS`UZ�(
^ >[PHEHDW OSD TMRPD NPHQD [JDBRPHOSD DQR BMLEMPKD @SU LMPKDQ
W` h[YgWgd( =MSQ JDQ AP@LBGDKDLRQ [JDBRPHOSDQ CMHTDLR
BMPPDQNMLCPD Sgj hS^Wgde [`V[cg�We egd ̂ S b^ScgW e[Y`S^�f[cgW(

^ <>A@BD7?D / T[PHEHDW OSD JD J@TD&T@HQQDJJD L"DQR N@Q NMQ[
egd ̂ W U�T^W V#S^[_W`fSf[a`(

^ 7D AP@LBGDW I@K@HQ JD J@TD&T@HQQDJJD @S KMVDL C"SLD
dS^^a`YW �^WUfd[cgW ag V#g`W bd[eW _g^f[b^W( DS bd[eW Va[f �fdW
XSU[^W_W`f SUUWee[T^W g`W Xa[e ̂ W ̂ ShW'hS[eeW^^W [`efS^^� (
^ 0NP\Q @TMHP HLQR@JJ[ JD J@TD&T@HQQDJJD QSP SL DKNJ@BDKDLR
SV�cgSf& XS[fWe'^W Xa`Uf[a``Wd � h[VW ^ade VW ^S bdW_[�dW
gf[^[eSf[a`(

7J;@> HLFKB=B>E

^ 1D J@TD&T@HQQDJJD DQR DUBJSQHTDKDLR CDQRHL[ X SL SQ@FD
Va_Wef[cgW( FW ^#gf[^[eWl � SgUg`W SgfdW X[`( KagfW gf[^[eSf[a`
Vg ̂ ShW'hS[eeW^^W � VWe X[`e Ua__WdU[S^We S``g^W ̂ S YSdS`f[W(

^ 7D KMLRDW N@Q% LD TMSQ @QQDVDW N@Q MS LD NJ@BDW N@Q CD
UZSdYW egd ^S badfW aghWdfW Vg ^ShW'hS[eeW^^W 4 [^ bagddS[f eW
dW`hWdeWd(

^ 7D NJ@BDW I@K@HQ C@LQ JD CHQRPHASRDSP CD C[RDPFDLR DR CD
bdaVg[f VW ^ShSYW VW hafdW ^ShW'hS[eeW^^W V#SgfdWe bdaVg[fe
cgW UWgj eb�U[S^W_W`f Ua`�ge bagd ^W ^ShW(hS[eeW^^W( �
V�XSgf& `afdW eaU[�f� `W eSgdS[f �fdW fW`gW dWeba`eST^W VW
fagf Va__SYW cgW bagddS[f egT[d hafdW ^ShW'hS[eeW^^W(
^ 6"D@S BMLRDLSD C@LQ J@ BSTD CD J@T@FD CS J@TD&T@HQQDJJD
`#Wef bSe bafST^W( FW ^S TghWl bSe(



*

^ 2S E@HR CS C@LFDP C"DUNJMQHML% LD NJ@BDW @SBSL CHQQMJT@LR
UZ[_[cgW ag ea^hS`f VS`e ^W ^ShW'hS[eeW^^W(

^ >[PHEHDW OSD JDQ MAIDRQ LU NJ@QRHOSD P[QHQRDLR X J@ BG@JDSP
ShS`f VW ^We ^ShWd W` ^ShW'hS[eeW^^W(
^ 1DR @NN@PDHJ NDSR ]RPD SRHJHQ[ N@P CDQ DLE@LRQ YF[Q C"@S
_a[`e 2 S`e Wf VWe bWdea``We ShWU VWe USbSU[f�e bZke[cgWe&
eW`ead[W^^We ag _W`fS^We d�Vg[fWe ag eS`e Wjb�d[W`UW `[
Ua``S[eeS`UWe& e#[^e ea`f egbWdh[e�e& a`f dW�g VWe [`efdgUf[a`e
dW^Sf[hWe � ̂ #gf[^[eSf[a` e�Ugd[e�W VW ̂ #SbbSdW[^ Wf Ua_bdW``W`f
^We VS`YWde k SeeaU[�e FW bWd_WffWl bSe � VW \Wg`We
W`XS`fe VW \agWd ShWU ^#SbbSdW[^( DW `WffakSYW Wf
^#W`fdWf[W` bSd ̂ #gf[^[eSfWgd ̀ W Va[hW`f �fdW WXXWUfg�e bSd VWe
W`XS`fe cgW ^adecg#[^e T�`�X[U[W`f V#g`W egbWdh[e[a`(
^ <DSJQ JDQ MAIDRQ @C@NR[Q @S J@T@FD DL J@TD&T@HQQDJJD CMHTDLR
�fdW [`fdaVg[fe VS`e ̂S _SUZ[`W( =` agfdW& ̀ W V�bSeeWl bSe ̂ S
USbSU[f� VW UZSdYW_W`f VWe bS`[Wde( � V�XSgf& `afdW
eaU[�f� `W eSgdS[f �fdW fW`gW dWeba`eST^W VW fagfW dSkgdW ag
VW fagfW Xad_Sf[a` VW dag[^^W egd ^S bSda[ [`fWd`W VW hafdW ^ShW'
hS[eeW^^W USge�W bSd VWe _aghW_W`fe Vg bS`[Wd(
^ 0 B@SQD% LMR@KKDLR% C"SL C[AMPCDKDLR C"D@S BG@SCD
baee[T^W& `#aghdWl ^S badfW Vg ^ShW'hS[eeW^^W W` SgUg`W
U[dUa`efS`UW bW`VS`f ^W Xa`Uf[a``W_W`f( L` V[ebae[f[X VW
e�Ugd[f� _Wf ^W ^ShW'hS[eeW^^W � ^#Sdd�f W` USe V#aghWdfgdW VW
^S badfW(
^ 9MSP [THRDP CD NMQQHAJDQ @BBHCDLRQ% LD J@HQQDW N@Q J@ NMPRD
VW hafdW ̂ ShW'hS[eeW^^W aghWdfW � ̂ #Sdd�f(
^ 5LQR@JJDW JDQ BMSRD@SU DR @SRPDQ MAIDRQ NMHLRSQ C@LQ JD N@LHDP
� UaghWdf& ba[`fW W` TSe(
J[ ^W UadVa` V#S^[_W`fSf[a` Wef W`Va__SY�& [^ Va[f �fdW
dW_b^SU� bSd ̂ W MHIYPJHU[' ZVU HNLU[ KL ZLY]PJL V\ \U
[LJOUPJPLU X\HSPMPc HMPU K$c]P[LY [V\[ KHUNLY)



+

AV\Y c]P[LY [V\[LZ ISLZZ\YLZ c]LU[\LSSLZ' WSHJL` [V\QV\YZ SLZ
VIQL[Z WVPU[\Z L[ b SVUN THUJOL [LSZ X\L SLZ MV\YJOL[[LZ KL
ZLY]PJL' SLZ JV\[LH\^ b WHPU' L[J) SH WVPU[L LU IHZ V\
OVYP`VU[HSLTLU[ KHUZ SLZ WHUPLYZ)

;Wf SbbSdW[^ ̀ #Wef bSe VWef[`�& � �fdW gf[^[e� bSd VWe 
bWdea``We $`afS__W`f VWe W`XS`fe% Va`f ^We USbSU[f�e 
bZke[cgWe& eW`ead[W^^We ag [`fW^^WUfgW^^We ea`f d�Vg[fWe& 
ag bSd VWe bWdea``We _S`cgS`f V#Wjb�d[W`UW ag VW 
Ua``S[eeS`UWe& � _a[`e cgW UW^^We'U[ `W ea[W`f eage 
egdhW[^^S`UW ag cg#W^^We S[W`f dW�g VWe [`efdgUf[a`e cgS`f � 
^#gf[^[eSf[a` VW ^#SbbSdW[^ bSd g`W bWdea``W dWeba`eST^W VW
^Wgd e�Ugd[f�(

^ 0NP\Q JD C[A@JJ@FD CS J@TD&T@HQQDJJD% TDHJJDW X RDLHP JDQ
_Sf�d[Sgj V#W_TS^^SYW Zade VW badf�W VWe W`XS`fe(
^ 7D J@HQQDW N@Q JDQ DLE@LRQ IMSDP @TDB MS KDRRPD DL K@PBGD
^W ^ShW'hS[eeW^^W(
^ ;@LFDW JDQ C[RDPFDLRQ DR NPMCSHRQ CD PHLZ@FD GMPQ CD NMPR[D
VWe W`XS`fe(
^ KW`[d ^We W`XS`fe � ^#�USdf Vg ^ShW'hS[eeW^^W ^adecgs[^ Wef
aghWdf 4 [^ bWgf Ua`fW`[d VWe d�e[Vge VW egTefS`UWe VW
`WffakSYW(
^ >DHJJDW X BD OSD TMRPD @LBHDL J@TD&T@HQQDJJD LD NMQD @SBSL
d[ecgW � hae W`XS`fe( A^ Wef Sdd[h� cgW VWe W`XS`fe e#W`XWd_W`f

W<LIBKW =>J >E?;EKJ



#"

� ^#[`f�d[Wgd VW ^ShW'hS[eeW^^We geSY�e( Hagd bd�hW`[d UWffW 
e[fgSf[a`& Td[eWl ^W ekef�_W VW hWddag[^^SYW Vg ^ShW'hS[eeW^^W 
Wf SddSUZWl ̂ We U�T^We �^WUfd[cgWe ShS`f eS _[eW Sg dWTgf( 
,E <;J => =PJ?FE<KBFEE>D>EK
^ =MSR C[E@SR CD EMLBRHMLLDKDLR CS J@TD&T@HQQDJJD CMHR
[_b�dSf[hW_W`f �fdW d�bSd� bSd g`W bWdea``W cgS^[X[�W( KagfW
d�bSdSf[a` d�S^[e�W bSd g`W bWdea``W SgfdW cg#g` fWUZ`[U[W`
VW eWdh[UW Sbd�e hW`fW SYd�� W`fdS�`WdS ^#S``g^Sf[a` VW ^S
YSdS`f[W(
^ 0T@LR C"DEEDBRSDP RMSRD P[N@P@RHML QSP JD J@TD&T@HQQDJJD%
bdW`Wl ea[` VW ^L V�TdS`UZWd Vg d�eWSg �^WUfd[cgW( ;agbWl
^We Xge[T^We ag V�TdS`UZWl ^W ̂ ShW'hS[eeW^^W( FW bSe f[dWd egd
^W U�T^W bagd V�TdS`UZWd ^W ^ShW'hS[eeW^^W( HdW`Wl ea[` VW
XWd_Wd ̂ #Sdd[h�W V#WSg(
4><FDD;E=;KBFEJ
^ 9MSP LD N@Q F@QNHJJDP J"D@S DR J"[LDPFHD% DLJDTDW JDQ FPMQ
d�e[Vge V#S^[_W`fe ShS`f VW _WffdW ^S hS[eeW^^W VS`e ^S ^ShW(
hS[eeW^^W( EWffWl ^W ^ShW'hS[eeW^^W W` _SdUZW Sbd�e ^#Sha[d
W`f[�dW_W`f UZSdY�)
^ 7"SRHJHQDW JD NPMFP@KKD CD RPDKN@FD OSD QH L[BDQQ@HPD'

^ 5LQR@JJDW JDQ MAIDRQ BPDSU RDJQ OSD JDQ AMJQ% TDPPDQ DR NMRQ CD
_S`[�dW � UW cg#[^e ea[W`f fagd`�e hWde ̂ W TSe(

^ 5J DQR BMLQDHJJ[ CD LD N@Q QSPBG@PFDP JD J@TD&T@HQQDJJD DR CD
`W bSe k [`efS^^Wd VW ̂ S hS[eeW^^W VW ̀ SfgdW V[XX�dW`fW VW UW^^W
[`V[cg�W(

1> G;J C;M>I >E C;M>"M;BJJ>CC> &
^ 1DLCPDQ CD BHF@PDRRDQ% PDQRDQ CD AMSFHD% BHP@FD% QSAQR@LBDQ
UZ[_[cgWe& _Sf�d[Sgj � TSeW V#S^^[SYWe XWddWgj(



##

^ 4MSPBGDRRDQ% BSHJJ\PDQ DR BMSRD@SU X K@LBGD LU AMHQ% LU
Uad`W ag LU [ha[dW' ag [`Udgef�Z VW ̀ SUdW 5 aT\Wfe Ua^^�e&
bW[`fgdW& Sdf[U^We _SUg^�e VW bdaVg[fe UZ[_[cgWe STdSe[Xe&
SU[VWe ag TSe[cgWe(
^ 8AIDRQ LU NJ@QRHOSD LD P[QHQR@LR N@Q X J@ BG@JDSP% P[BHNHDLRQ
LU Ug[hdW ag �fS_�e(

^ 8AIDRQ LU @JSKHLHSK DR LU @PFDLR #HJQ NDSTDLR QD C[BMJMPDP
MS eW fWd`[d%(
^ 8LY[HPUZ ]LYYLZ MYHNPSLZ' SLZ WVYJLSHPULZ VYUcLZ KL TV[PMZ
KcJVYH[PMZ PTWYPTcZ' X\P Z$LZ[VTWLU[ TeTL HWYdZ SL WYLTPLY
SH]HNL' JLY[HPUZ HY[PJSLZ KL JYPZ[HS' X\P WLYKLU[ SL\Y
[YHUZWHYLUJL H]LJ SL [LTWZ' SLZ JV\]LY[Z JVSScZ UL YcZPZ[HU[
WHZ b SH JOHSL\Y' SLZ ]LYYLZ KL JYPZ[HS H\ WSVTI -0(.+ #' SLZ
WSHUJOLZ b KcJV\WLY' SLZ HY[PJSLZ MHIYPX\cZ H]LJ KL SH MPIYL
Z_U[Oc[PX\L)
^ 6DQ @PRHBJDQ @AQMPA@LRQ RDJQ OSD JDQ [NMLFDQ MS JDQ RMPBGMLQ
`W ea`f bSe ^ShST^We W` ^ShW'hS[eeW^^W(
^ 7DD;?D<@? 4 AYLUL` ZVPU K$HJOL[LY KLZ HY[PJSLZ SH]HISLZ
LU SH]L(]HPZZLSSL b WHY[PY K$H\QV\YK$O\P)

Hagd [`efS^^Wd hafdW ^ShW'hS[eeW^^W& bdW`Wl ea[` VW UZa[e[d g`
W`Vda[f a� hage bagddWl XSU[^W_W`f UZSdYWd Wf V�UZSdYWd 
hafdW hS[eeW^^W(

?$PUZ[HSSL` WHZ ]V[YL SH]L(]HPZZLSSL KHUZ \U SPL\ Vf SH
[LTWcYH[\YL HTIPHU[L WL\[ KLZJLUKYL ZV\Z + g8)



#$

( 8hS`f VW ^W bae[f[a``Wd& eadfWl ^W ^ShW'hS[eeW^^W VW
ea` W_TS^^SYW W` dWebWUfS`f ^We ShWdf[eeW_W`fe Sbbae�e
egd UW^g['U[(

( Hae[f[a``Wl ^W ^ShW'hS[eeW^^W � bdaj[_[f� V#g`W Sdd[h�W
Wf K$\UL �hSUgSf[a` V#WSg( Mage VWhWl [`efS^^Wd hafdW ^ShW'
hS[eeW^^W VW _S`[�dW � `W bSe _aV[X[Wd ^We dSUUadVe g`W
Xa[e UWgj'U[ WXXWUfg�e(

( FW eS[e[eeWl bSe ^W ^ShW'hS[eeW^^W bSd ^S badfW ag bSd
^W bS``WSg VW Ua__S`VW bagd ̂ S V�b^SUWd(

( HdW`Wl ea[` VW ^S[eeWd g` WebSUW Sgfagd Vg ^ShW'hS[eeW^^W
VW _S`[�dW � bagha[d ^W V�b^SUWd XSU[^W_W`f V#ShS`f W`
Sdd[�dW bW`VS`f ̂ W ̀ WffakSYW(

( HdW`Wl ea[` VW `W bSe Ua[`UWd ^We fgkSgj V#Sdd[h�W
V#WSg Wf VW h[VS`YW W` bae[f[a``S`f ^W ^ShW'hS[eeW^^W( =`
agfdW& bdW`Wl ea[` VW `W bSe Ua[`UWd ^W U�T^W �^WUfd[cgW
eage ^W ^ShW'hS[eeW^^W(

( ;[FJDW JDQ NHDCQ P[FJ@AJDQ CS J@TD&T@HQQDJJD KL K@LH\PD X BD
OS"HJ ea[f � `[hWSg Wf T[W` efST^W( DW Ta` bae[f[a``W_W`f Vg
^ShW'hS[eeW^^W Wef WeeW`f[W^ bagd g`W Ta``W aghWdfgdW Wf
XWd_WfgdW VW ^S badfW(

( J[ ^S badfW VW hafdW ^ShW'hS[eeW^^W `W eW XWd_W bSe
UaddWUfW_W`f& h�d[X[Wl cgW S$HWWHYLPS Wef � `[hWSg Wf efST^W
egd ^W ea^ 5 VS`e ^W USe Ua`fdS[dW& bae[f[a``Wl ^W ^ShW'hS[eeW^^W
VW _S`[�dW efST^W W` HQ\Z[HU[ ̂ We b[WVe d�Y^ST^We(

4;<<FI=>D>EK =!>;L

M�d[X[Wl cgW ^#[`efS^^S[PVU VW b^a_TWd[W [`f�d[WgdW Ua`h[W`f 
� ^#[`efS^^Sf[a` V#g` ^ShW'hS[eeW^^W( Fage hage 
dWUa__S`Va`e LU V\[YL K$PUZ[HSSLY \U MPS[YL b S$LU[YcL KL



"%

]V[YL KVTPJPSL' VW _S`[�dW � �h[fWd cg#g`W Ua`fS_[`Sf[a` 
$eST^W& SdY[^W& dag[^^W& WfU(% �hW`fgW^^W_W`f fdS`ebadf�W VS`e 
^W d�eWSg V#WSg ag VS`e ^#[`efS^^Sf[a` VW b^a_TWd[W [`f�d[WgdW 
USgeW fagf Va__SYW Sg ^ShW'hS[eeW^^W' Wf � bd�hW`[d fage 
V�eSYd�_W`fe fW^e cgW ^W \Sg`[eeW_W`f VW ^S hS[eeW^^W ag 
^S Xad_Sf[a` VW V�b�fe Sbd�e ̂ W ̂ ShSYW(

6LP;L =!;IIBMW> =!>;L F#gf[^[eWl \S_S[e ^W
fgkSg V#Sdd[h�W V#WSg VW hafdW S`U[W` 
^ShW'hS[eeW^^W) Lf[^[eWl ^W fgkSg `WgX Xagd`[
ShWU hafdW ^ShW'hS[eeW^^W( 8hS`f VW
dSUUadVWd ^W fgkSg V#Sdd[h�W V#WSg `WgX ag 
^a`YfW_be [`gf[^[e� � hafdW ^ShW'hS[eeW^^W& 
XS[fWe Uag^Wd VW ^#WSg VS`e UW^g['U[ NDLC@LR

SL KMKDLR' ;@BBMPCD` X J@ K@HL JD fgkSg
V#Sdd[h�W V#WSg V[dWUfW_W`f Sg daT[`Wf 
V#Sdd[h�W( DS bdWee[a` K\ daT[`Wf Va[f �fdW 
Sg _[`[_g_ VW *&*- EbS #(%+ A@P$ Wf Sg
_Sj[_g_ VW + EbS #)( A@P$( J[ ^S
bdWee[a` V#WSg Wef egb�d[WgdW � + EbS #)(

A@P$& [`efS^^Wl g` V[ebae[f[X d�VgUfWgd VW 
bdWee[a` W`fdW ^W daT[`Wf Wf ^W fgkSg(

L`W Xa[e ^We dSUUadVe WXXWUfg�e& aghdWl ^W daT[`Wf � Xa`V Wf 
h�d[X[Wl ^#�fS`UZ�[f�( Hagd ^S e�Ugd[f� VW hafdW ^ShW'hS[eeW^^W& 
bdW`Wl ea[` VW fag\agde XWd_Wd ^W daT[`Wf V#Sdd[h�W Sbd�e ^S 
X[` VW UZScgW bdaYdS__W(



"&

6LP;L => MB=;E@>

G` bWgf dSUUadVWd ^W fgkSg VW h[VS`YW&
ea[f V[dWUfW_W`f � g`W h[VS`YW X[jW& 
ea[f b \U  dSUUadV eb�U[S^ eage ^#�h[Wd( 
8g _akW` V#g` fgkSg UagV� eb�U[S^ 
$e[ V[eba`[T^W%& ]V\Z WV\]L`
h[VS`YWd ^L ^ShW'
hS[eeW^^W V[dWUfW_W`f VS`e
^#�h[Wd W` SUUdaUZS`f ^W fgkSg 
UagV� Sg TadV VW ^#�h[Wd( ;W 
dSUUadVW_W`f Va[f eW fdaghWd � Sg 
_a[`e /* U_ Wf Sg b^ge ++* U_ Vg
`[hWSg Vg ea^(



"'

3\LXZPYYLSLTZ 2 Dadecgsg` fgkSg VW h[VS`YW VW b^ge VW
. _ Wef gf[^[e�& ^We gefW`e[^We bWghW`f dWefWd eS^We( <S`e UW 
USe& ̀ afdW eaU[�f� V�U^[`WdS fagfW dWeba`eST[^[f�(



"(

4;<<FI=>D>EK WC><KIBHL>

DS bd[eW ShWU fWddW VW hafdW ̂ShW'hS[eeW^^W Va[f �fdW dSUUadV�W 
� g`W bd[eW ShWU _[eW � ^S fWddW Va`f ^S fW`e[a` Wf ^#[`fW`e[f� 
UaddWeba`VW`f Sgj hS^Wgde bd�hgWe $eg[hS`f ^We `ad_We W` 
h[YgWgd%( J[ hafdW ^aYW_W`f `W Ua_badfW bSe V#[`efS^^Sf[a`
ShWU _[eW � ^S fWddW& XS[fWe d�S^[eWd UW fkbW V#[`efS^^Sf[a` bSd 
g` �^WUfd[U[W` cgS^[X[�( =` USe V#gf[^[eSf[a` eS`e _[eW � ̂S fWddW& 
`afdW eaU[�f� V�YSYWdS fagfW dWeba`eST[^[f� bagd fagfW bWdfW 
V#geSYW cg[ bagddS[f eW bdaVg[dW(

A`fW`e[f� Vg Xge[T^W [`f�d[Wgd 4 +*'+0 8(

MafdW ^ShW'hS[eeW^^W Wef Ua`X[Ygd� bagd Xa`Uf[a``Wd W` 
,,*',.* M( J[ hafdW Va_[U[^W Wef W` ++* M& [`fWdUS^Wl g`
fdS`eXad_SfWgd ++*),,* M ' - *** N( DW ^ShW'hS[eeW^^W Va[f
�fdW V�TdS`UZ� bW`VS`f ̂ W bae[f[a``W_W`f(

Lf[^[eW` W` bWd_S`W`UW ^S bd[eW W`Vg[fW Xagd`[W ShWU ^#SbbSdW[^(

� TSeeW fW`e[a`& ^#WXX[USU[f� VW hafdW ^ShW'hS[eeW^^W Wef 
[`X�d[WgdW(

J[ ̂W U�T^W V#S^[_W`fSf[a` Wef W`Va__SY�& [^ Va[f �fdW dW_b^SU� 
bSd ^W XSTd[US`f& ea` eWdh[UW Sbd�e'hW`fW ag g`W bWdea``W 
VW cgS^[X[USf[a` e[_[^S[dW& SX[` V#�h[fWd [V\[ VS`YWd( <S`e ^W
USe Ua`fdS[dW& VWe SUU[VW`fe bWghW`f eW bdaVg[dW(

Hagd VWe dS[ea`e VW e�Ugd[f�& SeegdWl'hage VW fag\agde 
V�TdS`UZWd ̂ S bd[eW � ̂ S X[` Vg bdaYdS__W(

8X[` V#�h[fWd g`W �^WUfdaUgf[a`& �h[fW` VW V�TdS`UZWd ̂ #SbbSdW[^ 
^adecgW hae _S[`e ea`f _ag[^^�We

<�TdS`UZWl fag\agde hafdW ^ShW'hS[eeW^^W bSd ^S bd[eW( FW  
f[dW` QHTHPZ ̂ W U�T^W �^WUfd[cgW ̂ g['_�_W(



")

(M>IKBJJ>D>EK & DW egbbadf hWdf[US^ eage ^WcgW^ ]V\Z
[`e[HSSL` ]afdW ^ShW'hS[eeW^^W W` eadfS`f ea` b^S` VW fdShS[^
%[VW& Va[f �fdW efST^W SX[` V#Wh[fWd fagf V�e�cg[^[TdW(

Hagd dWf[dWd ^W b^S` VW fdShS[^ Vg ^ShW'hS[eeW^^W& V�baeWl ^We 
h[e cg[ SL _S[`f[W``W`f � ^#Sdd[�dW Vg ^ShW'hS[eeW^^W( 
HageeWl W`eg[fW ^W bS``WSg + U_ VW ^#ShS`f hWde ^#Sdd[�dW 
Wf eag^WhWl'^W(

;[FJDW JDQ NHDCQ CS J@TD&T@HQQDJJD DL EMLBRHML CD J@ NDLRD CS

.EJK;CC;KBFE JFLJ LE GC;E => KI;M;BC

J[ hage eagZS[fWl [`efS^^Wd hafdW ^ShW'hS[eeW^^W eage g` b^S`
VW fdShS[^ %[VW&& h�d[X[Wl cgW hage V[ebaeWl V#g` WebSUW 
egXX[eS`f eage ^W b^S` VW fdShS[^ Wf cgW ^#[`efS^^Sf[a`
�^WUfd[cgW Wf ^S b^a_TWd[W hage ^W bWd_WffW`f ))J[ hage
\gYWl cgW ^#WebSUW eage ^W b^S` VW fdShS[^ VW hafdW
Ug[e[`W Wef egXX[eS`f bagd [`efS^^Wd hafdW ^ShW'hS[eeW^^W&
dWf[dWl ^W b^S` VW fdShS[^ Vg ^ShW'hS[eeW^^W Ua__W PUKPX\c
KHUZ SH MPN\YL JP(KLZZV\Z(



"*

ea^ Wf Vg `[hWSg % A`efS^^Wl hafdW ^ShW'hS[eeW^^W W` ^L
bageeS`f eage ^W b^S` VW fdShS[^ L [ W` bdW`S`f ea[` VW `W
bSe b^[Wd ag �UdSeWd ̂ We fgkSgj( 

(M>IKBJJ>D>EK & L`W Xa[e ^W b^S` VW fdShS[^ dWf[d�& ^W ^ShW'
hS[eeW^^W Va[f �fdW b^SU� VS`e g` W`Vda[f XWd_� Va`f 
^We V[_W`e[a`e ea`f [`V[cg�We $Ma[d X[Y( %

!



*2

( W¦ofcfbw#nrb#ibp#`^o^`q¦ofpqfnrbp#qb`ekfnrbp#ar#o¦pb^r#¦ib`qofnrb#bq#a�^ifjbkq^qflk#bk#b^r
`loobpmlkabkq#^ru#s^ibrop#fkafnr¦bp#a^kp#ibp#fkpqor`qflkp#a�fkpq^ii^qflk#ab#i^#j^`efkb/

( Sbqfobw#qlrp#ibp#j^q¦of^ru#a�bj_^ii^db#W i�fkq¦ofbro#ab#i#@NN@PDHJ/
( S¦dibw#i�^alr`fppbro#a�b^r/
( Bglrqbw#* hd#ab#pbi#a^kp#ib#`ljm^oqfjbkq#�#pbi#bq#objmifppbw.ib#a�b^r#�#o^p#_loa/
( Sbjmifppbw#ib#`ljm^oqfjbkq#�#molarfq#ab#ofk¤^db/
?]`_bdQ^SU"TU"\Q"aeQ^dYd�"TU"SQ\SQYbU"TQ^c"\mUQe
Qlro#rk#_lk#o¦priq^q-#ib#i^sb.s^fppbiib#alfq#clk`qflkkbo#^sb`#ab#i�b^r#^alr`fb-#jlfkp#`^i`^fob/#B#a¦c^rq-
abp#o¦pfarp#ab#`^i`^fob#_i^k`p#pb#a¦mlpbolkq#pro#i^#s^fppbiib#bq#�#i�fkq¦ofbro#ab#i#@NN@PDHJ-#`b#nrf
^ccb`qbo^#k¦d^qfsbjbkq#i^#mbocloj^k`b#ab#i^s^db#bq#ab#ofk¤^db#ab#i#@NN@PDHJ bq#ib#_ofii^kq#ab#i^
s^fppbiib/#Rr^ka#i�b^r#qo^sbopb#i�^alr f̀ppbro-#biib#bpq#a¦_^oo^pp¦b#abp#flkp#obpmlkp^_ibp#ab#p^
arobq¦#bq#^qqbfkq#ib#abdo¦#ab#alr`bro#a¦pfo¦#mlro#l_qbkfo#ib#jbfiibro#o¦priq^q#ab#i^s^db/#Tbilk#ib#abdo¦

ab#arobq¦#ab#i�b^r-#`bp#flkp#p�^``rjribkq#o^mfabjbkq#�#i�fkq¦ofbro#ab#i�^alr`fppbro/#Ji#c^rq#alk`

o¦d¦k¦obo#ib#pvpq¥jb#^alr`fppbro#^sb`#ar#pbi#mlro#i^sb.s^fppbiib#ab#j^kf¥ob#�#`b#nr�fi#clk`qflkkb
^rppf#_fbk#^r#`lrop#ar#i^s^db#prfs^kq/

8XQbWU]U^d"Te"cU\"TQ^c"\U"b�cUbf_Yb"TU"\mQT_eSYccUeb"TmUQe"
Vqfifpbw#ar#pbi#pm¦`fcfnrb#mlro#^alr`fppbro#ab# i^sb.s^fppbiib/#Qlro#jbqqob# ib#pbi#a^kp# ib#o¦pboslfo#ab#

i�^alr`fppbro-# bkibsbw# a�^_loa# ib#
m^kfbo# fkc¦ofbro-# mrfp# a¦sfppbw# ib#
_lr`elk# bk# ib# qlrok^kq# a^kp# ib#
pbkp# fksbopb# abp# ^fdrfiibp# a�rkb#
jlkqob/2 bq#3#=##3#=##
7"\Q"`bU]Y~bU"edY\YcQdY_^"Te"\QfU"
fQYccU\\U("bU]`\YccUj"\U"b�cUbf_Yb"
QfUS" $ [W" TU" cU\" Ud[W" TU" cU\" Ud S_]`\�dUb
QfUS" TU" \lUQe 44 ZecaelQe"^YfUQe"
XQed"Te b�cUbf_Yb/##
Tf# i�bkqlkklfo# 5# bpq# ifso¦# ^sb`# ib#
i^sb%s^fppbiib-# fi# c^`fifqbo^# ib
objmifpp^db#ar#pbi/##
Obqqlvbo# ib# cfibq^db# bq# obsfppbw# ib
_lr`elk/# Fkibsbw#
Y]`�bQdYfU]U^d# ib# pbi# ^v^kq# mr#
qlj_bo# �# `lq¦# ar# o¦pboslfo-# pro# ib#
clka#fklu/#Tf#slrp#kb#c^fqbp#m^p#ab#
i^s^db# fjj¦af^qbjbkq#^mo¥p#^slfo#
jfp# ar# pbi-# jbqqbw# bk# j^o`eb# rk#
moldo^jjb# `lroq# ab# i^s^db# ^sb`#
rkb# j^`efkb# sfab# ^cfk# a�¦sfqbo#
a�bkaljj^dbo# i�fkq¦ofbro# ar# i^sb#

s^fppbiib# )`loolpflk*# bk# o^fplk# ar# a¦_loabjbkq# ab# pbi# a^kp# i�^mm^obfi# ilop# ar# objmifpp^db# ar#
o¦pboslfo/#Bfkpf-#ib#promirp#ab#pbi#pbo^#fjj¦af^qbjbkq#bkibs¦#^r#jljbkq#ab#i�lm¦o^qflk#ab#i^s^db/#

Mlopnrb#slrp#`ljjbk`bw#�#c^fob#clk`qflkkbo#slqob#i^sb.s^fppbiib-#ib#o¦pboslfo#ar#pbi#pb#objmifq#a�b^r/#
Qlro#`bqqb#o^fplk-#jbqqbw#ib#pbi#a^kp#ib#o¦pboslfo#^s^kq#ab#`ljjbk`bo#�#rqfifpbo#slqob#^mm^obfi#)`ljjb#
fkafnr¦#`f.abpprp*#

Tf# slrp#jbqqbw#ar# pbi# bk# q^_ibqqb# a^kp# ib# o¦pboslfo-# kb# ib# objmifppbw# m^p# bkqf¥objbkq/# Olrp# slrp#
ob`ljj^kalkp#a�rqfifpbo#ar#pbi#bk#do^fkp#lr#bk#mlraob/#
DU" ]UddUj" ZQ]QYc"Te" cU\"TU" dQR\U a^kp#slqob# i^sb s^fppbiib/#E^kp# ib#`^p#`lkqo^fob-# i^# clk`qflk
ab#i�^alr`fppbro#mbrq#afjfkrbo#^r#cfi#ar#qbjmp/###

Rr^ka#ib#q¦jlfk#fkaf`^qbro#ab#pbi#nrf#pb#qolrsb#pro#ib#m^kkb^r#ab#`ljj^kab#p( îirjbo^-#objmifppbw#
�#klrsb^r#ib#o¦pboslfo#ab#pbi/#

6L6DJ"B6"FH;C?;H;"KJ?B?I6J?ED
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M�bccf`^`fq¦# ab# i^s^db# ab# slqob# i^sb# s^fppbiib# a¦mbka# ar#abdo¦# ab#arobq¦#ab# i�b^r#ab# ol_fkbq/#
Qlro#`bqqb#o^fplk-#slqob#i^sb#s^fppbiib#bpq#¦nrfm¦b#a�rk#pvpq¥jb#nrf#o¦arfq#i^#arobq¦#ab#i�b^r##
a�^ifjbkq^qflk/#M�bccf`^`fq¦#ar# i^s^db#^rdjbkqbo^#^sb`#rk#_lk#o¦di^db#ar#pvpq¥jb/#

Qlro#bk#`lkk^«qob# ib#kfsb^r#ab#arobq¦#ab#i�b^r#a^kp#slqob#o¦dflk-#`lkq^`qbw#slqob#clrokfppbro#a�b^r
MS BMLR@BRDV J@ K@HPHD CD TMRPD BMKKSLD/

4698;=17= / 4J QD NDSR OS#DL EHL CD BUBJD J#@NN@PDHJ @IMSRD '* KHLSRDQ QSNNJXKDLR@HPDQ& 2L EMLBRHML
CS PXFJ@FD CD J@ CSPDRX CD J#D@S$ J#@NN@PDHJ NDSR DEEDBRSDP SLD PXFXLXP@RHML @SRMK@RHOSDKDLR&

K�[`U[Y XY `U XifYh� XY `vYUi

9RT_~ QR
Qb_Ra~ QR YnRNb

9RT_~ S_N[|NV`
QR Qb_Ra~ Q>

"7+ )&2

"7, *)&+)

"7- +*&,)

,*&-)

-*&..

./&2)

"GV YN Qb_Ra~ QR YnRNb ^bR c\b` baVYV`Rg R`a `b]~_VRb_R z 2) Q< "QRT_~
S_N[|NV`# \b `V c\b` baVYV`Rg Y!RNb C#SL ]bVa`% VY R`a _RP\ZZN[Q~ Q!baVYV`R_
QR` QV`]\`VaVS` QR _NSSV[RZR[a Ra QR SVYa_NTR QR Y!RNb'

"K>F9KJN> 6 @R _~TYNTR Qnb`V[R Qb QRT_~ QR Qb_Ra~ R`a YR [VcRNb , "@,#'

F~TYRg

YnNQ\bPV``Rb_ QnRNb R[ S\[PaV\[ QR YN Qb_Ra~ QR YnRNb QR c\a_R _\OV[Ra' '

H�W\QWU"TU""\mQT_eSYccUeb"

& 6]]bfRg `b_ YR O\ba\[ "9PMFP@KKD" $.% Y\_`^bR YN ZNPUV[R R`a z YnN__�a'

& ARaaRg YN ZNPUV[R R[ ZN_PUR R[ N]]bfN[a `b_ YR O\ba\[ "AN_PUR(6__�a" $-% Ra ZNV[aR[Rg YR O\ba\[

QR "9PMFP@KKD" $.% R[S\[P~ ]R[QN[a Nb Z\V[` , `RP\[QR '̀

& GV YR _~TYNTR QR YN Qb_Ra~ R`a R[_RTV`a_~% r G@ w `nNSSVPUR ]R[QN[a + `RP\[QR`'

& FRY{PURg YR O\ba\[ "9PMFP>KKD" $.%' @R QR_[VR_ [VcRNb QR _~TYNTR ǹNSSVPUR'

& 6]]bfRg QSBBDQQHTDKDLR `b_ YR O\ba\[ "9PMFP@KKD" $.% ISQOS#@S [VcRNb `\bUNVa~' @R [VcRNb QR

Qb_Ra~ NbTZR[aR z PUN^bR ]_R``V\[ CD BD AMSRML' @R QRT_~ QR Qb_Ra~ * _RcVR[a b[R S\V` YR QRT_~ QR

Qb_Ra~ / NaaRV[a'

& D\b_ R[_RTV`a_R_ YR QR_[VR_ [VcRNb QR Qb_Ra~ QR YnRNb `~YRPaV\[[~ QN[` YN Z~Z\V_R% ~aRVT[Rg

Y#@NN@PDHJ R[ N]]bfN[a `b_ YR O\ba\[ "AN_PUR(6__�a" $-%'
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9�dUbWU^d"
Vqfifpbw#rk#a¦qbodbkq#pm¦`f^ibjbkq#`lk¤r#mlro#i^sb.s^fppbiib#aljbpqfnrb/##

Ebp#molarfqp#ab#kbqqlv^db#`lkqbk^kq#abp#melpme^qbp#bq#ar#`eilob#plkq#molmlp¦p#pro#ib#j^o`e¦/
Qi^`bw#ib#a¦qbodbkq#a^kp#ib#`ljm^oqfjbkq#^s^kq#ab#a¦j^oobo#i^#j^`efkb/#Dlkpbosbw#ibp#a¦qbodbkqp#
a^kp#abp#bkaolfqp#co^fp#bq#pb`p-#elop#ab#mloq¦b#abp#bkc^kqp/##
Nbqqbw#ibp#nr^kqfq¦p#^mmolmof¦bp#^cfk#ab#mo¦pbosbo#i�bksfolkkbjbkq/#Ob#m^p#objmifo#ib#`ljm^oqfjbkq#�
a¦qbodbkq#mirp#nrb#k¦`bpp^fob-#c^rqb#ab#nrlf#slp#sboobp#mlroo^fbkq#pb#o^vbo#bq#ib#a¦qbodbkq#mlroo^fq#
j^i#pb#afpplraob/#
Qlro#ab#mirp#^jmibp#fkcloj^qflkp#pro#ib#a¦qbodbkq#nrb#slrp#rqfifpbw-#^aobppbw.slrp#afob`qbjbkq#^r#
c^_of`^kq#ar#a¦qbodbkq/#

HU]`\YccQWU"Te"S_]`QbdY]U^d"�"T�dUbWU^d

Qlrppbo#ib#ilnrbq#mlro#
lrsofo#ib#`ljm^oqfjbkq#�#
a¦qbodbkq#`ljjb#fkafnr¦#
pro#i�fiirpqo^qflk/#Pk#mbrq#
jbprobo#i #̂_lkkb#
nr^kqfq¦#ab#a¦qbodbkq#^r#
jlvbk#abp#ifdkbp#
fkp`ofqbp#a^kp#ib#_^`#�#
a¦qbodbkq/#Mb#_^`#�#
a¦qbodbkq#mbrq#`lkqbkfo#

grpnr��#51#`j4
ab#a¦qbodbkq/#Prsofo#i�bj_^ii^db#ab#

a¦qbodbkq#mlro#i^sb.s^fppbiib#bq#sbopbo#a^kp#ib#do^ka#`ljm^oqfjbkq#mo¦i^s^db#36#`j4 ab#a¦qbodbkq
<H J#@NN@PDHJ BMLRHDLR CDQ PXQHCSQ C[@JHKDLRQ QDBQ DR QH TMSQ @TDV QSPBG@PFX JD J@TD%T@HQQDJJD$ TDPQDV
* BK( CD CXRDPFDLR QSNNJXKDLR@HPDQ C@LQ JD BMKN@PRHKDLR CD NPXJ@T@FD DR CXK@PPDV TMRPD
K@BGHLD&
<DJML JD CDFPX CD Q@JDRX CD TMRPD T@HQQDJJD DR J@ CSPDRX CD J[D@S C@LQ TMRPD PXFHML TMSQ CDTPDV
KMCSJDP J@ OS@LRHRX CD CXRDPFDLR C@LQ TMRPD K@BGHLD&

+*



9�dUbWU^dc"S_]RY^�c"
Mbp#c^_of`^kqp#ab#a¦qbodbkq#molmlpbkq#¦d^ibjbkq#abp#a¦qbodbkqp#`lj_fk¦p#a¦kljj¦p#3#bk#2-#4#bk#
2-#6#bk#2#///#

Mbp#a¦qbodbkqp#3#bk#2#`lkqfbkkbkq#ar#a¦qbodbkq#,#ar#pbi#_e"ar#molarfq#ab#ofk¤^db/#Fk#rqfifp^kq#ibp#
a¦qbodbkqp#3#bk#2-#fi#c^rq#qbkfo#`ljmqb#abp#clk`qflkp#ab#i^#q^_ibqqb/##

Mbp#^rqobp#a¦qbodbkqp#bk#q^_ibqqbp#`ljmloqbkq#ar#a¦qbodbkq#,#ar#molarfq#ab#ofk¤^db#,#ar#pbi#,#
afsbopbp#^rqobp#clk`qflkp/#

Eb##j^kf¥ob#d¦k¦o^ib-#ibp#a¦qbodbkqp#`lj_fk¦p#alkkbkq#abp#o¦priq^kqp#prccfp^kqp#a^kp#`boq^fkbp#
`lkafqflkp#a�rqfifp^qflk#rkfnrbjbkq/#Dbp#a¦qbodbkqp#`lkqfbkkbkq#ar#molarfq#ab#ofk¤^db#bq0#lr#ar#pbi#
a^kp#abp#nr^kqfq¦p#mo¦a¦cfkfbp/#

;^"edY\YcQ^d"SU"di`U"TU"`b_TeYdc"4"

6ddU^dY_^"4"Tf&#bk#rqfifp^kq"`b#qvmb#ab#a¦qbodbkq&#slrp#obk`lkqobw#rk#mol_i¥jb#nrbi`lknrb#nrb
slrp#k�^sbw#m^p#obk`lkqo¦#^rm^o^s^kq-#`lkq^`qbw#afob`qbjbkq#ib#c^_of`^kq#ar#a¦qbodbkq/#"

GeQ^T"f_ec"Qbb�dUj"TmedY\YcUb"TUc"T�dUbWU^dc"S_]RY^�c"
( Sbjmifppbw#ibp#`ljm^oqfjbkqp#�#pbi#bq#�#molarfq#ab#ofk¤^db/
( S¦dibw#i^#arobq¦#ab#i�b^r#�#i^#mlpfqflk#i^#mirp#¦ibs¦b#bq#c^fqbp#rk#i^s^db#�#sfab/
( S¦dibw#i^#arobq¦#ab#i�b^r/
( Qol`¦abw#^r#o¦di^db#slrir#ar#alpbro#ab#molarfq#ab#ofk¤^db/

( Ulrglrop#sbfiibo#�#s¦ofcfbo#ibp#`^o^`q¦ofpqfnrbp#ar#molarfq#nrb#slrp#^iibw#rqfifpbo#bq#p�fi#p�^dfq#a�rk
molarfq#`lj_fk¦/

( W¦ofcfbw#nrb#ib#a¦qbodbkq#rqfifp¦#`lksfbkq#�#i^#arobq¦#ab#i�b^r#ar#o¦pb^r#^rnrbi#i^#j^`efkb#bpq
o^``loa¦b/

( Trfsbw#ibp#fkpqor`qflkp#cfdro^kq#pro#i�bj_^ii^db#ab#`bp#molarfqp/

( Tf#`bp#a¦qbodbkqp#pb#mo¦pbkqbkq#bk#q^_ibqqbp-#kb#ibp#mi^`bw#g^j^fp#a^kp#i^#`rsb#ar#i^sb.s^fppbiib
lr#a^kp#ib#m^kfbo#�#`lrsboqp/#Qi^`bw#qlrglrop#ibp#q^_ibqqbp#a^kp#ib#`ljm^oqfjbkq#ar#afpqof_rqbro
ab#a¦qbodbkq/

( Dbp#a¦qbodbkqp#kb#alkkbkq#ab#_lkp#o¦priq^qp#nrb#mlro#`boq^fkp#qvmbp#a�rqfifp^qflk/#Tf#slrp
rqfifpbw#`b#qvmb#ab#a¦qbodbkqp-#slrp#absbw#`lkq^`qbo#ib#c^_of`^kq#bq#slrp#obkpbfdkbo#pro#ibp
_lkkbp#`lkafqflkp#a�rqfifp^qflk/

# ( Dlkq^`qbw#ib#c^_of`^kq#ar#a¦qbodbkq#pf#slrp#k�l_qbkbw#m^p#ab#_lkp#o¦priq^qp#ab#i^s^db#)pf#slqob
s^fppbiib#mo¦pbkqb#abp#a¦m°qp#ab#`^i`^fob#lr#pf#biib#obpqb#erjfab*#^mo¥p#^slfo#rqfifp¦#abp
a¦qbodbkqp#3#bk#2#lr#4#bk#2/#M^#d ô^kqfb#ab#slqob#j^`efkb#bu`irq#qlrqbp#o¦ ì^j^qflkp#arbp#�
i�rqfifp^qflk#ab#`bp#qvmbp#ab#a¦qbodbkqp/

KcQWU"S_^cUY\\�"4#=PVS FG NGKMMGVST S^TVMUCUT GO VUKMKTCOU FGT F^UGSIGOUT EPNDKO^T& NGUUGZ RVCOF
N`N# G FV TGM GU FV QSPFVKU FG SKO]CIG FCOT WPUSG NCEJKOG GU S^IMGZ MC FVSGU^ FG MeGCV GU MG FPTGVS FG
molarfq#ab#ofk¤^db#�#i^#mlpfqflk#i^#mirp#_^ppb/#

=PVS MGT QSPISCNNGT EPVSUT& KM GTU QS^H^SCDMG FeVUKMKTGS FGT F^UGSIGOUT GO QPVFSG QMVUaU
RVG FGT UCDMGUUGT( 7O GHHGU& TGMPO MGT HCDSKECOUT& MGT UCDMGUUGT TG FKTTPMWGOU FKHH^SGNNGOU
GO HPOEUKPO FG MC UGNQ^SCUVSG GU MC FVS^G FV EYEMG FG MCWCIG(

++



HU]`\YccQWU"Te"S_]`QbdY]U^d"�"`b_TeYd"TU"bY^�QWU"Ud"b�W\QWU"Te"T_cUeb"

L_ec"TUfUj"edY\Y\YcUcUb" e^"b�W\QWU"`\ec"� UfUf�" cY"TUc" dQSXUc"TlUQUQe"cU" V_b_b]U^d" ceb" f_dbU"fQfQYccU\\U"
Q`b~c"e^"\QfQWU"Ud"e^"b�W\QWU"`\ec"VQYR\U"clY\"bUcdU"e^U"dQSXU"R\UeU"aeQ^T"f_ec"\lUcceiUj"4"\Q
]QY^*

6ddU^dY_^"4 O�rqfifpbw nrb abp molarfqp abab ofk¤^db ^a^mq¦p � i�rp^db bkbk j^`efkb/ FkFk `^p ab#
a¦_loabjbkq-#ibp#o¦pfarp#ab#molarfq#ab#ofk¤^db#`o¦bkq#rkb#do^kab#nr^kqfq¦#ab#jlrppb#bq#ibp#o¦priq^qp#
ab#i^s^db#p�bk#qolrsbkq#^ccb`q¦p#<#kbqqlvbw#i�bu`¦abkq#ab#molarfq#ab#ofk¤^db#^sb`#rk#`efcclk/#
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FQ^YUb"ce`�bYUeb"
Ie``_bd"b�W\QR\U"U^"XQedUeb"
Dbp#prmmloqp#plkq#`lk¤rp#mlro#^j¦iflobo#i^#`^m^`fq¦#ar#
m^kfbo# prm¦ofbro/# Wlrp# mlrsbw# jbqqob# slp# sboobp# bq#
q^ppbp# a^kp# ibp# prmmloqp GU# ^grpqbo# i^#e^rqbro# ab
`bp# FGSOKGST/# Ho¡`b# �# `bqqb# clk`qflk-# slrp#mlrsbw
jbqqob# afcc¦obkqbp# q^fiibp# ab# sboobp# plrp# `bp#
prmmloqp/##
Ho¡`b#^ru#mi^pqfnrbp# o¦di^_ibp#bk#e^rqbro#jlkq¦p#pro#
ib# m^kfbo-# slrp# mlrsbw# rqfifpbo# slp# prmmloqp# [# +
e^rqbrop# afcc¦obkqbp/# Eb# mirp-# slrp# mlrsbw# jbqqob# ab#
ilkdrbp# clro`ebqqbp-# FGT `lrqb^ru-# bq# FGT
`rfii¥obp# pro# `bp#prmmloqp#ab#j^kf¥ob#i^q¦o^ib#ab#ploqb#
nr�fip#kb#_ilnrbkq#m^p#iG DSCT F#CTQGSTKPO FG
HPOEUKPOOGS/

@P^ NZX[L]_TXPY_^ ]LML__LMWP^ [WLNv^ ^`] WP
[LYTP] ^`[v]TP`] ^ZY_ NZYt`^ [Z`] QLNTWT_P] WP
]LYRPXPY_ OP^ R]LYO^ `^_PY^TWP^ _PW^ \`P WP^
NL^^P]ZWP^& WP^ [ZwWP^& P_N( FPWZY WP NL^&
NSL\`P [L]_TP O` NZX[L]_TXPY_ [P`_ w_]P
[WTvP ^v[L]vXPY_ 5 OP XwXP& aZ`^ [Z`aPe
[WTP] _Z`_P^ WP^ [L]_TP^ PY^PXMWP [Z`] ICIOGS

GO P^[LNP( ;Y Z`_]P& aZ`^ [Z`aPe ]PWPaP] Z`
LMLT^^P] WP^ NZX[L]_TXPY_^ ]LML__LMWP^(

8>6H=;C;DJ"9K"B6L;'L6?II;BB;"

Tf#slrp#jbqqbw#`loob`qbjbkq#slqob#s^fppbiib#a^kp#i^#j^`efkb-#slrp#i�rqfifpbobw#aG NCOK_SG PQUKNCMG#bk
qbojbp#ab#`lkpljj^qflk#a�¦kbodfb#bq#ab#mbocloj^k`b#ab#i^s^db#bq#ab#p¦`e^db/#
Wlqob#j^`efkb#`lkqfbkq#abru#m^kfbop#ab#`e^odbjbkq/#Wlrp#mlrsbw#rqfifpbo#ib#m^kfbo#fkc¦ofbro#mlro#
fkpq^iibo#ibp#rpqbkpfibp#olkap#bq#molclkap#qbip#nrb#ibp#mlqp#CWGE FG ISCOFGT QPKIO^GT-#ibp#`lrsbo`ibp-
ibp#^ppfbqqbp-#ibp#`^ppbolibp-#ibp#`lrsboqp/#
Mb#m^kfbo#prm¦ofbro#bpq#abpqfk¦#^r#`e^odbjbkq#abp#plr`lrmbp-#abp#_lip-#abp#q^ppbp#bq#abp#sboobp/#
Jk`ifkbw#ibp#sboobp#�#mfba#`lkqob#ib#_loa#ar#m^kfbo-#EPOUSG MGT ibp#dofiibp#jl_fibp-#lr#EPOUSG MG#dofii^db
ab#j^fkqfbk#abp#sboobp&#bq#klk#m^p#`lkqob#ibp#^rqobp#rpqbkpfibp/#Ob#m^p#fk`ifkbo#ibp#sboobp#e^rqp#ibp
rkp#`lkqob#ibp#^rqobp#3 fi#kb#pbolkq#m^p#pq^_ibp#bq#mlroolkq#§qob#bkaljj^d¦p/
Ji#bpq#mo¦c¦o^_ib#a�fkpq^iibo#ibp#l_gbqp#cfkp#bq#¦qolfqp#a^kp#ibp#m^oqfbp#j¦af^kbp#abp#m^kfbop/##
Wlrp#mlrsbw#mi^`bo#ibp#`rfii¥obp#m^ojf#ibp#^rqobp#`lrsboqp#mlro#ibp#bjm§`ebo#ab#pb#`liibo#ibp#rkbp#
^ru#^rqobp/#Qlro#rk#jbfiibro#o¦priq^q-#klrp#slrp#`lkpbfiilkp#a�rqfifpbo#i^#dofiib#�#`lrsboqp/##
Qlro#¦sfqbo#qlrqbp#_ibpprobp#¦sbkqrbiibp-#mi^`bw#qlrglrop#ibp#l_gbqp#mlfkqrp#bq#�#ilkd#j^k`eb#qbip#nrb#
ibp#clro`ebqqbp#ab#pbosf`b-#MGT `lrqb^ru#�#m^fk-#bq`/#i^#mlfkqb#bk#_^p#lr#elofwlkq^ibjbkq#a^kp#ibp
m^kfbop/#

7ddU^dY_^"6#Qi^`bw#slUSG WCKTTGMMG#a^kp#i^#j^`efkb#ab#j^kf¥ob#�#`b#nr�GMMG#k�bjm§`ebkq#m^p#i^
olq^qflk#abp#_o^p#ab#i^s^db#fkc¦ofbro#bq#prm¦ofbro/#



/"! "

"FQ^YUb"Y^V�bYUeb"

"Ie``_bdc"`\YQ^dc"

"Mbp# prmmloqp# mif^kqp# nrf# `ljmobkkbkq# nr^qob# m^oqfbp# pfqr¦bp# pro# ib# m^kfbo# fkc¦ofbro# ab#"slqob#

"j^`efkb#plkq#`lk¤rp#mlro#slrp#alkkbo#i^#mlppf_fifq¦#a�fkqolarfob#ab#dolp#l_gbqp#`ljjb#ibp#"mlqp-#

"ibp# `^ppbolibp# bq# ^rqobp"-# c^`fibjbkq/# Fk# `^p# ab# _bplfk-# `e^nrb# m^oqfb# mbrq# §qob#"
mif¦b#"afpqfk`qbjbkq-# lr# qlrUGT# �#"i^# clfp QPVS PDUGOKS# ab# mirp# do^kap# bpm^`bp/"# Mbp

prmmloqp# mif^kqp# mbrsbkq# §qob# rqfifp¦p# bk# MGT TPVMGWCOU# sbop# ib# e^rq PV GO MGT QMKCOU/

+.

H�W\QWU"TU"\Q"XQedUeb"Te"`Q^YUb"ce`�bYUeb"\_bcaeU"SU\eY'SY"Ucd"`\UY^ -

Mb#j¦`^kfpjb#ab#o¦di^db#ab#i^#e^rqbro#ar#m^kfbo#prm¦ofbro#
ab#slqob#j^`efkb#^#¦q¦#`lk¤r#mlro#slrp#alkkbo#i^#mlppf_fifq¦#
a�^grpqbo#i^#e^rqbro#ab#`b#m^kfbo##sbop#ib#e^rq#lr#
sbop#ib#_^p-#p^kp#i�bkibsbo#ab#i^#j^`efkb#ilopnr�KM #bpq
mibfk(#7q#`o¦bo#CKOTK FGT#bpm^`bp#QMVT ISCOFT##lr#QMVT QGUKUT
GOUSG MGT QCOKGST TVQ^SKGVS GU KOH^SKGVS/#Mb#m^kfbo#ab
slqob#j^`efkb#^#¦q¦#o¦di¦#�#i^#mlpfqflk#prm¦ofbrob#bk#o¦di^db#
a�rpfkb/#

Bcfk#ab MGWGS##slqob#m^kfbo-
qbkbw.ib#abp#abru#`°q¦p#bq#
qfobw.ib#sbop#ib#e^rq/#Bcfk#ab#ib#
_^fppbo-#qbkbw.ib#�#klrsb^r#

FGT #abru#`°q¦p-#UKSGZ WGST MG JCVU
GU M\EJGZ MGOUGNGOU(

E^kp#ib#j¦`^kfpjb#ab#o¦di^db#

ar#m^kfbo#`e^od¦-#^pprobw.slrp#
nrb#ibp#abru#`°q¦p#pb#

qolrsbkq#CV N`NG OKWGCV(



3C A8?=8? S AKQRCNPO OQLTNGCQN
9G UKSPKS [ EPVWGSUT TVQ^SKGVS GTU EPO]V QPVS WPVT QGSNGUUSG FG SCOIGS MGT HPVSEJGUUGT& MGT EVKMM_SGT GU
MGT EPVUGCVX& MGT MPOIVGT MPVEJGT GU FG QGUKUT PDLGUT(

6COT MC NGTVSG Pb KM QGVU `USG HCEKMGNGOU S^UKS^ FG MC NCEJKOG& KM WPVT QGSNGU FG TPSUKS WPUSG WCKTTGMMG FG
M#CQQCSGKM GO N`NG UGNQT RVG MG QCOKGS CQS_T MG MCWCIG(

9G UKSPKS [ EPVWGSUT TVQ^SKGVS GTU EPNQPT^ FG FGVX QK_EGT 3 TK WPVT TPVJCKUGZ HCKSG FG MC QMCEG QPVS MC
WCKTTGMMG FCOT MG QCOKGS TVQ^SKGVS& WPVT QPVWGZ F^ICIGS MC QCSUKG ICVEJG PV FSPKUG FV UKSPKS [ EPVWGSUT
TVQ^SKGVS CHKO FG ES^GS QMVT F#GTQCEG(

(

(

3XJTVMUUJOJPV 3 9GT EPVUGCVX GU CVUSGT PDLGUT USCOEJCOUT FPKWGOU `USG FKTQPT^T [ M#JPSKZPOUCMG FCOT MG
UKSPKS [ EPVWGSUT(
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B\Z` QR
]_\T_NZZR`
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7XQSGTT ,) ZV[ yP\

HRZ]~_Nab_R` 6bPb[R PUNYRb_ -) t8 .) t8

Hf]R QR S^TKFVT
NYVZR[aNV_R`

;SSRPabRg YR ]_~YNcNTR
]\b_ _V[PR_ Ra _RaV_R_ YR`
_~`VQb` QR YN cNV``RYYR
`NYR ^bV NaaR[Q_N
^bRY^bR` W\b_`'

D_~YNcNTR ]\b_
_V[PR_ Ra R[YRcR_ YR`
_~`VQb` R[ NaaR[aR
QR YN ]YRV[R PUN_TR
]bV` `~YRPaV\[[R_
b[ ]_\T_NZZR

8NS~% YNVa% aU~%
cVN[QR` S_\VQR`%
Y~TbZR`%
P\[`R_c~` z
P\b_a aR_ZR

8NS~% YNVa% aU~%
cVN[QR` S_\VQR`%
Y~TbZR`%
P\[`R_c~` z
P\b_a aR_ZR

9RT_~ QR `NYRa~ & <NVOYR <NVOYR A\fR[

EbN[aVa~ QR
Q~aR_TR[a 7 3
+. PZ,(*. PZ,
6 3 . PZ,

& 6 $ 7 7 6 $ 7

D_~YNcNTR @NcNTR ]_V[PV]NY @NcNTR z -) t8 D_~YNcNTR

<V[ FV[|NTR z PUNbQ FV[|NTR z S_\VQ @NcNTR z .)t8

<V[ FV[|NTR z PUNbQ FV[|NTR z
PUNbQ

<V[ G~PUNTR

<V[

9b_~R Qb
D_\T_NZZR "ZV['#

*. *- ,) +.-

8\[`\ZZNaV\[

Qn~YRPa_VPVa~

"XK URb_R`#

)%)+ )%,- )%0- )%1-

8\[`\ZZNaV\[
QnRNb
"R[ YVa_R`#

-%+ /%/ *)%2 2%)

)F6BD;CC6=6>D ( -6C @B?8B2==6C 4?EBDC >6 4?=@?BD6>D @2C 56 @92C6 56 CK49286% @R` cNYRb_`
ZR[aV\[[~R` PV&QR``b` \[a ~a~ \OaR[bR` R[ YNO\_Na\V_R% P\[S\_Z~ZR[a Nbe [\_ZR` ]R_aV[R[aR`' 8R`
cNYRb_` cN_VR[a R[ S\[PaV\[ QR` P\[QVaV\[` Q!baVYV`NaV\[ QR Y!N]]N_RVY Ra QR Y!R[cV_\[[RZR[a "aR[`V\[
Qb _~`RNb% ]_R``V\[ Q!RNb% aRZ]~_Nab_R Q!NQZV``V\[ Q!RNb Ra aRZ]~_Nab_R NZOVN[aR#'
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BbZ~_\ QR
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B\Z` QR
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?CQKFG .) ZV[' >VPUKFKGO >fTV}[R 6ba\ ?[aR[`VS
/) t8 & 0) t8

5CTTGSPMGT

HRZ]~_Nab_R` /. t8 /)t8 0)t8 /. t8 /. t8

Hf]R QR S^TKFVT
NYVZR[aNV_R`

@\b]R`% `NbPR`%
]{aR`% pbS`%
]VYNS% ]\ZZR`
QR aR__R% ]YNa`
PbVa` Nb S\b_ Ra
NYVZR[a` S_Va`'

@\b]R`%
TNbPR`%
]{aR`%
pbS`%
_Vg ]VYNS%
]\ZZR`
QR aR__R%
]YNa` PbVa`
Nb S\b_ Ra
NYVZR[a` S_Va`

JNV``RYYR a_}`
R[P_N``~R R[
NaaR[aR ]R[QN[a
b[R Y\[TbR
]~_V\QR \b
[~PR``VaN[a b[
YNcNTR QN[`
QR O\[[R`
P\[QVaV\[`
Q!UfTV}[R

@\b]R`%
`NbPR`% ]{aR`%
pbS`% ]VYNS%
]\ZZR` QR
aR__R% ]YNa`
PbVa` Nb S\b_
Ra NYVZR[a`
S_Va`'

@\b]R`% `NbPR`%
]{aR`% pbS`% ]VYNS%
]\ZZR` QR aR__R%
]YNa` PbVa` Nb S\b_
Ra NYVZR[a` S_Va`'

9RT_~ QR `NYRa~ A\fR[ A\fR[ @\b_Q A\fR[ A\fR[

EbN[aVa~ QR
Q~aR_TR[a 7 3
+. PZ,(*. PZ,
6 3 . PZ,

6$&7 6$&7 6$&7 6$&7 6$&7

@NcNTR z /.t8 @NcNTR z -)t8 @NcNTR z .)t8 @\_`^bR c\b`
Q~aR_ZV[Rg
YR QRT_~ QR
`NYV``b_R QR`
]YNa`% YN Qb_~R
QR YNcNTR% YN
aRZ]~_Nab_R
Ra YN ^bN[aVa~
Q!RNb
`!NWb`aR[a

D_~YNcNTR

FV[|NTR
V[aR_Z~QVNV_R

@NcNTR z /*t8 @NcNTR z 1)t8 @NcNTR z /.t8

FV[|NTR z PUNbQ @NcNTR z -.t8 FV[|NTR z S_\VQ FV[|NTR z S_\VQ

<V[ FV[|NTR z
PUNbQ

FV[|NTR z
PUNbQ

FV[|NTR
V[aR_Z~QVNV_R

G~PUNTR G~PUNTR FV[|NTR z PUNbQ

<V[ <V[ G~PUNTR

<V[

9b_~R Qb
D_\T_NZZR "ZV['#
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8\[`\ZZNaV\[

Qn~YRPa_VPVa~

"XK URb_R`#
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QnRNb
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L�`YWh]cb Xi dfc[fUaaY Yh X�aUffU[Y XY `U aUW\]bY
;[ N]]bfN[a `b_ YR O\ba\[ "AN_PUR(6__�a" $0%% YN ZNPUV[R `R ZRa `\b` aR[`V\[' @R c\fN[a "AN_PUR(6__�a" _R`aR
NYYbZ~ Nb``V Y\[TaRZ]` ^bR YN ZNPUV[R R`a R[ ZN_PUR'

G~YRPaV\[[Rg YR ]_\T_NZZR N]]_\]_V~ R[ N]]bfN[a `b_ YR O\ba\[ QR "=_\T_NZZR" $1%'

6]]bfRg `b_ YR O\ba\[ "9~]N_a(DNb`R" $2% ]\b_ YN[PR_ YR ]_\T_NZZR' ;[`bVaR% YR c\fN[a QR YNcNTR `nNYYbZR Ra
YnV[QVPNaRb_ QR aRZ]` _R`aN[a $3% ;@_=B? E; >NKV? >N IKHAK;FF?% /E CG>CJN? VA;E?F?GM E? M?FIL K?LM;GM I?G>;GM
YR Q~_\bYRZR[a Qb ]_\T_NZZR'
GV c\b` \bc_Rg YN ]\_aR QR c\a_R ZNPUV[R ]R[QN[a YR Q~_\bYRZR[a Qb ]_\T_NZZR% YN Qb_~R R`a V[aR__\Z]bR% YR
GNFVKH >N IKHAK;FF? ?M L; >NKV? L^;@_=B?GM ;EM?KG;MCO?F?GM%

@R Q~_\bYRZR[a Qb ]_\T_NZZR ]Rba �a_R P\[a_�Y~ z YnNVQR QR` c\fN[a` QR YNcNTR% QR _V[|NTR% QR `~PUNTR Ra QR
@CG >? IKHAK;FF? >? E^CG>C=;M?NK >? M?FIL K?LM;GM $3%'

3>;8(271?64 6 @\_`^bR c\b` N]]bfRg `b_ YR O\ba\[ QR "6RZV&PUN_TR" $/%% c\b` ]\bcRg Re~PbaR_ a_\V` af]R`
QR YNcNTR 3 ]N[VR_ `b]~_VRb_ `RbYRZR[a PUN_T~% ]N[VR_ V[S~_VRb_ `RbYRZR[a PUN_T~& \b YR` QRbe ]N[VR_`
C>F?HBIBJP PUN_T~`' ANV[aR[Rg YR O\ba\[ R[S\[P~ Wb`^bnz YnNYYbZNTR Qb c\fN[a Qb ]N[VR_ P\[aR[N[a YN cNV``RYYR
z YNcR_' H\baR YN cNV``RYYR ^bV `R a_\bcR QN[` YR"`# ]N[VR_"`# `~YRPaV\[[~"`# `R_N YNc~R' 7KNOMQB HBO ABQS L>JFBNO
OKJP C>F?HBIBJP @E>NDXO' >LLQTBU GQOMQ#V @B MQB HBO ABQS RKT>JPO OKFBJP >HHQIXO(

. 4< , 6 6]]bfRg `b_ YR O\ba\[ "6RZV&PUN_TR" ]R[QN[a , `RP\[QR` ]\b_ NPaVcR_ Yn\]aV\[ ", GO *" Y\_`^bR c\b`
baVYV`Rg b[ Q~aR_TR[a ZVeaR P\[aR[N[a Qb `RY% QR` ]_\QbVa` QR _V[|NTR Ra QR` S\[PaV\[` `b]]Y~ZR[aNV_R`'
4PPBJPFKJ' @BPPB KLPFKJ J#BOP L>O AFOLKJF?HB OQN PKQO HBO LNKDN>IIBO(

K>F9KJN> 6 J\b` ]\bcRg `~YRPaV\[[R_ Yn\]aV\[ "7EP" ^bV NPaVcR YR `f`a}ZR Qn\bcR_ab_R QR ]\_aR S E; @CG >N
IKHAK;FF?% 0? LQLMWF? >^HNO?KMNK? ;NMHF;MCJN? >? IHKM? @HNKGCM NG? =;I;=CMV >? LV=B;A? GV=?L`NV_R z QR`
aRZ]~_Nab_R` QR _V[|NTR ON``R` Ra _~QbVa YN P\[`\ZZNaV\[ R[ ~[R_TVR'

?1=834 6 D\b_ _~QbV_R YN Qb_~R Qb YNcNTR% `~YRPaV\[[Rg Yn\]aV\[ "9>LFAB" R[ N]]bfN[a `b_ YR O\ba\[ "<QUKPOT"
Wb`^bnz PR ^bR YG WPYCOU `nNYYbZR' 8RaaR \]aV\[ YNcR YN cNV``RYYR NcRP ]Yb` QR ]_R``V\[ Ra ]R_ZRa b[R baVYV`NaV\[
]Yb` ~P\[\ZV^bR QR YnRNb'

@894<24 6 @\_`^bR c\b` NPaVcRg Yn\]aV\[ "@VYR[PR" R[ N]]bfN[a `b_ YR O\ba\[ "<QUKPOT" Wb`^bnz
YnNYYbZNTR QR `\[ c\fN[a YRQ% YN cNV``RYYR R`a YNc~R NcRP Z\V[` QR ]_R``V\[% PR ^bV ]R_ZRa b[ YNcNTR ]Yb`
R[ Q\bPRb_ Ra `VYR[PVRbe' 4PPBJPFKJ' @BPPB KLPFKJ J#BOP L>O AFOLKJF?HB OQN PKQO HBO LNKDN>IIBO(

@427164 & 3 5BPPB KLPFKJ >QDIBJPB H> AQNXB AB OX@E>DB BP H> PBILXN>PQNB AB NFJW>DB >CFJ AB A#>OOQNBN QJB
IBFHHBQNB MQ>HFPX AB OX@E>DB AB RKPNB R>FOOBHHB( 4PPBJPFKJ' @BPPB KLPFKJ J#BOP L>O AFOLKJF?HB OQN PKQO HBO
LNKDN>IIBO(

K>F9KJN> 6 GV c\b` NcRg baVYV`~ b[R S\[PaV\[ `b]]Y~ZR[aNV_R Y\_` Qb ]Yb` _~PR[a ]_\T_NZZR QR YNcNTR% PRaaR
S\[PaV\[ _R`aR NPaVcR Y\_` Qb ]_\T_NZZR QR YNcNTR `bVcN[a' GV c\b` `\bUNVaRg N[[bYR_ PRaaR S\[PaV\[ QN[` YR
[\bcRNb ]_\T_NZZR QR YNcNTR `~YRPaV\[[~% N]]bfRg `b_ YR O\ba\[ "<QUKPOT" $-%% "9~]N_a QVSS~_~" $.% \b "9RZV&
PUN_TR" $/% Wb`^bnz YnReaV[PaV\[ QR` c\fN[a` P\__R`]\[QN[a`% \b baVYV`Rg YR O\ba\[ "AN_PUR(6__�a" ]\b_ ~aRV[Q_R YN
ZNPUV[R $0%' GV c\b` `\bUNVaRg baVYV`R_ b[R S\[PaV\[ `b]]Y~ZR[aNV_R NcRP b[ ]_\T_NZZR [\bcRYYRZR[a
`~YRPaV\[[~% `~YRPaV\[[Rg YN S\[PaV\[ `\bUNVa~R'

@42B?8A4 4<51<A 6 J\b` ]\bcRg NPaVcR_(Q~`NPaVcR_ YN T~Pb_Va~ R[SN[a R[ N]]bfN[a TKNVMUCO^NGOU `b_ YR`
O\ba\[`
"<QUKPOT" $-% Ra "9RZV&PUN_TR" $/% ]R[QN[a R[cV_\[ , `RP\[QR`' I[R S\V` PRaaR S\[PaV\[ NPaVc~R% a\b` YR` c\fN[a`
@;9 PYVAGHM?GM ?M "+0" L^;@@C=B? NG? @HCL LNK E^CG>C=;M?NK >? M?FIL K?LM;GM $3%' @\_`^bnRYYR R`a Q~`NPaVc~R% YR`
c\fN[a` Ra YnV[QVPNaV\[ "8@" PYVT[\aR[a QRbe S\V`'
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34=1?A 38554?4 0 <KQO LKQRBU NBP>NABN HB AXL>NP AQ LNKDN>IIB AB + V +2 EBQNBO BJ >LLQT>JP OQN HB
?KQPKJ "6XL>NP AFCCXNX" $-% >R>JP HB AXI>NN>DB AQ LNKDN>IIB( ;F RKQO OKQE>FPBU IKAFCFBN HB AXL>NP AQ
LNKDN>IIB' >LLQTBU A[>?KNA OQN HB ?KQPKJ "6XL>NP)8>QOB"' LQFO OQN HB ?KQPKJ "6XL>NP AFCCXNX" LKQN
OXHB@PFKJJBN QJB JKQRBHHB AQNXB( 8KQN >@PFRBN QJ JKQRB>Q AXL>NP AFCCXNX' >LLQTBU OQN HB ?KQPKJ "6XL>NP)
8>QOB"( 8KQN >JJQHBN HB AXL>NP AFCCXNX' NXDHBU HB PBILO AB AXI>NN>DB V * EBQNB V H[>FAB AQ ?KQPKJ "6XL>NP
AFCCXNX"( GV YnbaVYV`NaRb_ ~aRV[a YN ZNPUV[R N]_}` Nc\V_ `~YRPaV\[[~ YR Q~]N_a QVSS~_~ Ra YN[P~ YR ]_\T_NZZR% YR
Q~]N_a QVSS~_~ R`a N[[bY~'

K>F9KJN> 6 0HKLJN? E? L?E ;>HN=CLL;GM ?LM CGLN@@CL;GM# E^CG>C=;M?NK >^;O?KMCLL?F?GM >? F;GJN? >? L?E $5%
`nNYYbZR Ra c\b` QRcRg _RZ]YV_ YR _~`R_c\V_ QR `RY'

K>F9KJN> 6 0HKLJN? E; JN;GMCMV >? ECJNC>? >? KCGU;A? ?LM CGLN@@CL;GM?# E^CG>C=;M?NK >? F;GJN? >? ECJNC>? >?
_V[|NTR $5% `nNYYbZR Ra c\b` QRcRg _RZ]YV_ YR _~`R_c\V_ EPSSGTQPOFCOU'

.?5;J;42D;?> 5PE> @B?8B2==6 "

GV c\b` Q~`V_Rg PUN[TR_ QR ]_\T_NZZR aN[QV` ^bnb[ ]_\T_NZZR QR YNcNTR R`a R[ P\b_` 3

6]]bfRg `b_ YR O\ba\[ "9~]N_a(DNb`R"'
6]_}` Y!N__�a Qb ]_\T_NZZR% `~YRPaV\[[Rg
YR ]_\T_NZZR ^bV c\b` P\[cVR[a z Y!NVQR
Qb O\ba\[ `~YRPaRb_ QR ]_\T_NZZR`'

9~ZN__Rg YR ]_\T_NZZR ^bR c\b`
cR[Rg QR `~YRPaV\[[R_ R[
N]]bfN[a `b_ YR O\ba\[ "9~]N_a(
DNb`R"'

@R [\bcRNb ]_\T_NZZR NPaVc~ _R]_R[Q_N
YR P\b_` QR Y!N[PVR[ ]_\T_NZZR'
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@\_`^bR% YR c\fN[a "8KO" NBOPB CFSB% PRYN
`VT[VSVR ^bR YR ]_\T_NZZR N ~a~ N[[bY~'

9bbi`Uh]cb X#ib dfc[fUaaY
GV c\b` `\bUNVaRg N[[bYR_ b[ ]_\T_NZZR ]R[QN[a YR YNcNTR'

6]]bfRg `b_ YR O\ba\[ "9~]N_a(DNb`R"
]R[QN[a , `RP\[QR`'

DR[QN[a YnN[[bYNaV\[% YR c\fN[a "<V[" PYVT[\aR'
@N ZNPUV[R ~cNPbR YnRNb ^bnRYYR P\[aVR[a
]R[QN[a R[cV_\[ + IFJQPB'

1 NE JMP HV RSQKSEOOI "

K>F9KJN> 6 ycVaRg Qn\bc_V_ YN ]\_aR NcN[a YN SV[ Qb ]_\T_NZZR'

K>F9KJN> 6 x YN SV[ Qb ]_\T_NZZR QR YNcNTR% c\b` ]\bcRg YNV``R_ YN ]\_aR QR c\a_R ZNPUV[R R[a_\bcR_aR
]\b_ NIXHFKNBN YR `~PUNTR'

K>F9KJN> 6 ;[ PN` Q!\bcR_ab_R QR ]\_aR \b QR P\b]b_R QR P\b_N[a Y\_` Qb YNcNTR% YR ]_\T_NZZR `R ]\b_`bVa
Y\_`^bR MC QPSUG GTU SGHGSN^G PV MPSTRVG Me^MGEUSKEKU^ SGWKGOU(
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9U"\Q"WbQYccU"Ud"Te"SQ\SQYbU"`UefU^d"cmQSSe]e\Ub"TQ^c"\Q"SefU("9Q^c"SU"SQc"4#
Sbjmifppbw#ib#`ljm^oqfjbkq#�#a¦qbodbkq#p^kp#jbqqob#ab#s^fppbiib#a^kp#i^#j^`efkb-#p¦ib`qflkkbw#rk
moldo^jjb#nrf#clk`qflkkb#�#e^rqb#qbjm¦o^qrob#bq#jbqqbw#i^#j^`efkb#bk#olrqb/#Tf#`bqqb#mol`¦arob#pb
o¦s¥ib#fkprccfp^kqb-#rqfifpbw#abp#molarfqp#ab#kbqqlv^db#pm¦`f^ru#afpmlkf_ibp#pro#ib#j^o`e¦/#)Qolarfqp#ab
kbqqlv^db#pm¦`f^i#i^sb.s^fppbiib*/

DUdd_iQWU"TUc"Z_Y^dc"TU"`_bdU"-
Qlro#kbqqlvbo#qlrp#o¦pfarp#^``rjri¦p#a^kp#ibp#glfkqp#ab#mloqb-#bpprvbw#ibp#glfkqp#o¦drif¥objbkq#^sb`
rk#`efcclk#erjfab/

DUdd_iQWU"TU"\Q"]QSXY^U#3
Obqqlvbw#ibp#cfiqobp#^mo¥p#`e^nrb#i^s^db#bq#ibp#_o^p#a#CTQGSTKPO#^r#jlfkp#rkb#clfp#m^o#pbj^fkb/
E¦_o^k`ebw#slqob#j^`efkb#bq#cbojbw#ib#ol_fkbq#a�^oofs¦b#a�b^r#^s^kq#ab#`ljjbk`bo#ib#kbqqlv^db/#
O�rqfifpbw#m^p#ab#molarfq#^_o^pfc/#Fpprvbw#^sb`#rk#molarfq#alru#bq#rk#`efcclk#erjfab/##

<Y\dbUc"-
W¦ofcfbw#pf#abp#o¦pfarp#CMKNGOUCKSGT#pb#plkq#^``rjri¦p#a^kp#ib#cfiqob#bq
ib#jf`olcfiqob/#
Fk#`^p#ab#mo¦pbk`b#o¦pfarp-#obqfobw#ibp#cfiqobp#bq#kbqqlvbw.ibp#
plfdkbrpbjbkq#�#i�b^r#`lro^kqb/#

Q* Nf`olcfiqob#buq¦ofbro
R* Gfiqob#�#a¦`ebqp#fkq¦ofbro
S* Gfiqob#q^jfp#j¦q^i#lr#mi^pqfnrb

Qlro# buqo^fob# bq# kbqqlvbo# ib# dolrmb# cfiqo^kq-# qlrokbw.ib# a^kp# ib# pbkp# abp#
^fdrfiibp#a�rkb#jlkqob#bq#obqfobw.ib#bk#ib#plribs^kq/2##

Ufobw#bq#obqfobw#ib#cfiqob#j¦q^i#lr#mi^pqfnrb/#4#
T¦m^obw#bkprfqb#ib#cfiqob#�#a¦`ebqp#bq#ib#
jf`olcfiqob/3#Sfk`bw.ib#^_lka^jjbkq#�#i�b^r#
`lro^kqb/#S¦fkpq^iibw#ib#cfiqob#�#a¦`ebqT#a^kp
ib#jf`olcfiqob#bk#c^fp^kq#^qqbkqflk#ab#_fbk#
c^fob#`loobpmlkaob#ibp#obm¥obp/#Gfubw#ib#
jf`olcfiqob#plrp#ib#cfiqob#j¦q^i#lr#mi^pqfnrb#bq#
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