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CEDEFHGJILKMGJNPO(IHQLRTSUFLVUNPWXRBVUGJNPVYFZNP[�\JK^]_KM`#SUFaGbGJV*OMVYRTcdQdGeKM\�SUFLN_RfS;GeNPVUF:S#FLWgIHQLRTSUFLVYN_W
\JVYh+VUGeN_O^[Mi�jkILK2[lGJQLWdDZVUmLFLS#GeQL\JSU]HRTV#GeNPVUFonpGeILKrqsKM]PW:VUmLIHQLRTSUFXRBVUGJNPVYFtcL\lVuWLQdOMGeN_VYF7v
cL\JV!`ENPWLKM[9OMVYFLwY\lQLK^FaGxNPFd[JcLN_\eS#GJNPVYF7i

y NzGeILN_FgGeILK=qsK^]_WTV#m{OMVYRTcdQdGeKM\@wU\eSUcLIdNPO^[MvESUFLNPRTS#GJNPVYFg\lK^[lK|SU\lO}ILK^\l[~IsS|`YK9[JVYQdwYIaG
GeVXOM\JK^S#GeKx\JK^SU]PN_[lGeN_OkIHQLRfS#F�SUO�GeVY\l[^ir�*DEFsSURBNPOM[�hsSU[JKMWfGeKMO}ILFLN_�EQdK^[(IsS|`UK9m�SUOMNP]PNzG}S#GJK^W
SUO^OMQL\eS#GJK�S#FLNPRTS#GeN_VYF�VUm*cLIaDE[JNPO^SU]P]zD�OMVY\J\lK^OMGTRBVUGeN_VYFL[Xm�VY\�h+VUGeI�\lNPwYN_W�SUFLW�S#\lGeN_O�n
QL]�S#GJK^W�h.VEWLN_K^[^i�jkILK�SU\JK^S�VUm*WdDEFsSURBNPOM[BhLSU[JKMW�IHQLRTSUFLVYN_WL[�K��ucL]PVU\JK^[�GeIdK�RBVY[lG
\JK|S#]PNP[�GeN_O/RTK�GeILVEWL[kVUmbwYK^FdK^\eS;GeNPFdw�RTVUGJNPVYF�m�VU\k[lDEFaGeILK�GeNPOZIHQLRTSUFLVYN_WL[^i

� VYh+VUGeN_O^[x\JK^[lK|SU\lO}I�ILSU[oSUWd`#SUFdO^K^W�GJVfGeILKX[lG}S#wYKX�=ILKM\JK�N_G*NP[9FLV!��c+VY[l[JNPhd]PKXGJV
O^\JK^S#GeKBm�QL]P]zD�SU\�GeN_O^QL]PS#GeKMW�IHQLRTSUFLVYN_W�\JVYh+VUGe[t�=N_GJI�IHQLRTSUFun�]PN_�UK�[JKMFL[JVY\�D�O|SUcsS#hLNP]_Nzn
GeNPKM[^i�CEQLO}I�\JVYh+VUGJ[XO|S#F�RTN_RTN_O�GeILKTRTVUGJNPVYF�VUm=IHQLRTSUF�h+K^N_FLwY[^v�SUFLW�\JKM[Jc+VYFLW�GJV
[JNPRBNP]PSU\~OMQLK^[X��`UK^\lhsSU]pvu`uN_[JQsS#]pvLcLIaDE[JN_O|SU]�vb�����^ ¢¡�SU[=IHQLRTSUFL[Mi

£ V¤�2KM`UK^\Mv+GJILKoG}SU[l��VUm�wYK^FLKM\eS#GJNPFLw�\lK|SU]_NP[lGJNPO/[�DEFHGJILKMGJNPOZRTV#GeNPVUF�NP[kcsS#\lGeN_O^QL]PSU\J]zD
WLN_¥BO^Qd]_G�h+K^O^SUQL[lKkIEQdRfSUFd[�SU\lK(O|SUcLSUhL]PK2VUms]_K|SU\lFLNPFLw*SUFLW�c+K^\�m�VY\JRBNPFLw9SUFgKMFLVY\lRTVYQd[
\eSUFLwUK�VUmtcLIaDE[JN_O|SU]9[J�HNP]_]P[Mi¦jkIdK§hLNPVURTKMO}IsSUFLN_O|SU]=O^VURTcL]_K��uN_G¨D�V#moGeILK�h.VEWdD�N_GJ[JK^]zm
\JK^[lQL]_GJ[gm�\JVYR©RTN_]P]_NPVYFL[oV#mxDUK|SU\l[�VUmxKM`YVU]PQdGJNPVYF7i�ª�IHQLRTSUF�h.KMNPFLwd«¬[gc+VUGJK^FaGeNPSU]2m�VY\

­ B
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RTVUGJNPVYF�NP[/[lQLcLc+VY\lGJK^W�haD�S�[l�UK^]_KMGJVYF��=N_GeI�V¤`UK^\/G¨�2V IEQdFLWL\JKMW S#\lGeN_O^QL]PS#GeN_FLwB]PNPFd�E[
SUFLW§S#\JVYQLFdW�[lNz� IHQLFLWd\JK^W§SUFLW [JKM`UK^FaG¨D�RgQL[JOM]PKM[^i~jkIdK:\JSUFLwYKtVUmbRTVUGJNPVYF�N_FLO^]_QLWLKM[
SU\lGJNPO^Qd]�S#GJNPVYFZVUmsGeIdK([J�#K^]PK�GeVYF{vaWLKMm�VY\lRfS;GeNPVUF:VUmsGJILK(h+VuWuDYvYRgQd[JO^]_K(O^VUFHGJ\eSUO�GeN_VYF7v+���¨�^ 

jkILK RBVUGeN_VYFL[:VUm9GJILK�h+VuWdD�SU\JK�\lK^wYQd]�S#GJK^W�haD�GeIdK OMK^FaGe\JSU](FLKM\l`UVYQL[B[lDE[lGJK^R i
jkILNP[tNPFdO^]PQdWLK^[/OMVYFL[lO^NPVUQL[tO^VYFaGe\lVY]�N_F�GJILK�hL\JSUNPF7v7SU[/�~KM]P]�SU[oQdFLO^VYFd[JO^N_VYQL[tO^VUFHGJ\JVY]
[JQLO}I¦SU[�hLSU]�SUFdO^NPFdw SUFdW \JK'&LK��uK^[�GJIsS#G�RTS|D SUOMGfh.K�m�VY\JK�GJILK�hd\eSUN_F�N_GJ[JK^]zmoIsSU[fS
O}IsSUFLOMKTGeV \lK^[Jc+VYFLW{iTjkILK��~S|D�GeILKM[JKBcL\JVEO^KM[J[JKM[XN_FHGJK^\JSUOMGt�=ILN_]PKXGJILKThd\eSUN_F�cL]�SUFd[
SUFLW§OMVuVY\lWLNPFLS#GeKM[xRXQL]_GJNPcL]_KoNPFaGeKM\eSUO�GeNPVUFL[x�=NzGeI GeILKZcLIaDE[JNPO^SU] K^Fa`ENP\JVUFLRTKMFaG/[JILSUc.KM[
GeILKtRBVUGeN_VYFL[(VUm�GeILKtIHQLRTSUF h.VEWdDUi

jkILN_[�O}IsSUcdGJK^\B[JQL\�`YKMDE[�K^SUO}I�V#m*GeIdK^[JK�SU\lK|SU[�VUm*\JK^[lK|SU\lO}I7i �*DEFsSURBNPOM[�hsSU[lK^W
IEQdRfSUFdVYNPW�SUFLN_RfS;GeNPVUF�SUFLW�GeILK�QLFdWLK^\l]_DENPFLw O^VURTcLQuG}S#GJNPVYFsS#]b[lDE[�GeK^R V#m(WdDEFsSURBNPO
[JNPRXQL]�S#GJNPVYF�S#\JK�cL\JKM[JKMFHGJK^W�N_F�CuKMOMGJNPVYFL["(ui ­ D (ui)(ui £ QLRfS#FLVYNPW�\lVYh.V#GeNPOM[tNP[oGeILKMF
WLNP[lO^QL[l[JK^W��=N_GeI SgGeKMO}ILFLN_O|SU]1WLKM[JOM\JNPcuGeNPVUF V#m�GJILKtIEQdRfSUFdVYNPW \JVUh.VUG+* �+,*«%��QL[JKMW�m�VY\
GeILN_[~\JKM[JK^SU\JO}I'¡@NPFfCuK^O�GeNPVUF-(ui/.di�jkILK9[lGeQdWdDfV#m1IHQLRfS#FfRBVUGeN_VYFTcd\JVEWLQLOMGJNPVYFTNP[�GeILKMF
WLK^[lO^\JN_h.KMW�SU]_VYFLw��=N_GJI S [JQdRTRTSU\lD§VUm(KMRTcLN_\JN_O|SU]_]_D WLK^WdQLO^KMW m�K|S#GJQL\JKM[:V#m(IHQLRTSUF
RTVUGJNPVYFXNPFBCuKMOMGeN_VYFL[0(ui B D (Ei $ i £ QLRTSUF�RgQd[JO^]_K^[MvHSUFLW�GeILKMVY\JK�GeN_O|SU]LRXQL[JOM]PK(RBVuWdK^]P[
SU\JKTK��dSURBNPFLKMW�NPF�CuK^O�GeNPVUF1(ui/2di�3bNPFsS#]P]_DUv%NPF CuK^O�GeNPVUF4(ui)5 GeIdK^VY\lNPK^[XSU\JKTcL\JKM[JKMFHGJK^W
\JK^wYSU\JWLN_FLw�GeILKo�~S|D IEQdRfSUF RBVUGeN_VYF�NP[=S#OMGeQLSU]P]zDfcL]PSUFLFLKMW7i

6-7%8 9;:=<?>�@ ACB D=EF@ >�<?GHACI >�<FAC@ >"JKALGH<

M~VYRTcdQdGeKM\@wU\eSUcLIdNPO^[9�NM#O:¡bN_[2So[lO^NPKMFLO^K=GeILS#G�IsSU[@WLKM`UK^]_VYc.KMWfS#]PRBVY[lG�m�\lVYR�[lO^\eS;GeO}I
V¤`UK^\*GJILKZ]�SU[�Gxm�VU\lG¨D DYK^SU\J[�3b]PK�D KMG*SU]pi � ­ A"A $ ¡ i�P¨FLNzGeN�S#]P]_DfSTIdNPwYIL]zD�[Jc+K^OMN�SU]_NP[�GxGJVuVU]pv
N_G�NP[�FLV!��SUF K�`YKM\fcL\lK^[JKMFaGfRBK^WLN_QLR�GJIsS#GTSUcLc+K|SU\l[�VYF�GJK^]_KM`ENP[lNPVYF7v�N_F�qs]_RT[Mv�VYF
O^VYRBcLQdGJK^\J[xSUFdW�N_F GJILKtwaSURBNPFLwXNPFLWLQd[lGe\�DYi

�*DEFsSURBNPOM[ohsSU[lK^W�SUFdNPRTS#GeN_VYF§VUm~IEQdRfSUF�qswYQL\lK^[Zh.KMwaSUF�NPF ­ A"@ $ �=ILKMF ª*\lR�n
[lGe\lVYFLw�S#FLW4Oo\JK^KMF � ­ A"@ $ ¡ v�SUFLW y NP]PIdK^]PRB[tSUFLW!,(SU\J[l�aD � ­ A"@ $ ¡oh+VUGeI�cd\JVYc+VY[JKMW
\JNPwUNPWfh+VEWdDfWuDuFLSURTN_O^[(V#mbS#\lGeN_O^QL]PS#GeKMWTqswUQL\JKM[(m�VY\(SUFdNPRTS#GeN_VYF7vHWL\eS|�=N_FLwgNPF�cLSU\lG~VYF
GeILK��2VY\J��VUm £ VY]P]_K^\JhLSUO}I��=ILVY[JKB\JVUh.VUGJNPOM[/hsSU[lK^W��2VY\l�§VYF�WdDEFsSURBNPOM[t�~SU[tK^[�G}SUhEn
]PNP[lILK^W h+KMm�VY\lKoGeILKt[lGeSU\lGxVUm GeIdK ­ A"@RQ [Mi

jkILK NPFaGeKM\JK^[�G�NPF wYK^FdK^\eS;GeNPFdw�\JK^SU]PN_[lGeN_O|SU]_]_D�SUFLN_RfS#GJK^W IEQdRfSUFdVYNPWL[�IsSU[�h.KMK^F
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[lGeK^SUWLN_]_DTNPFLOM\JK|S#[JNPFdwLi�jkILK/G¨�2K^FaG¨Dan�qs\l[lGxO^KMFaGeQL\�D�IsSU[([lK^KMF�N_FLO^\lK|SU[lNPFLwgQd[JKoVUm%OMVYR�n
cLQdGeKM\�wYKMFLK^\JS#GeKMW [Jc+K^O^NPSU]xK��.K^OMGJ[^v=m�QL]P]zD�O^VYRBcLQdGJK^\TwYK^FLKM\eS#GJK^W RBV!`uN_K^[Mv=SUFLW�GeIdK
( QRQ ­ \JKM]PK^SU[JK�VUm * 3�NPFsSU]R3+S#FHGeSU[lD+«!WLKMRTVUFL[lGJ\eS#GJK^WZO^VYFL[lNP[�GeK^FaGJ]_DocLIdVUGeV#n�\JK^SU]PN_[lGeN_ObOMVYR�n
cLQdGeKM\ZSUFLNPRTS#GJK^W�IHQLRTSUF�O}IsSU\eS#OMGeKM\J[Mi M~VURTcLQuGeK^\oKMFaGeK^\�G}SUN_FLRBK^FaGZIsSU[oWLK�`YK^]_VYc+K^W
[JVgGeILS#G~NzG~N_[~FLV!�¦O^VURTcsS#\eSUhL]_KkGeVXGJILK9qs]_R NPFLWLQd[lGe\�DYi 3sVY\@K��dSURBcL]PK#v�����KMGeSU] OoK|SU\
CuVY]PN_W (��LvHS	�r]PS!DE[�G}S#GJNPVYFH(*OMVYFL[JVU]PKkwaSURBK(\lK^]PK^SU[JKMW�NPF�
9V!`UK^Rgh+K^\0( Q Q ­ vU�~SU[�WLKM`UK^] n
VYc.KMW�haD £ NPWLKMV
�tV��lNPRTSX�=N_GeI S�hLQLWdwYKMG=�2VY\lGJI GJK^F RTN_]P]PN_VYFBWLVY]P]PSU\J[(SUFLW�m�K|S#GJQL\JKM[
SB[lVYQLFLWdGJ\eSUO}��haD £ VY]P]zDH�~VEVuW�OMVYRBc.VY[lK^\ £ S#\J\lD Ot\lK^wY[lVYFun y NP]P]_N�SURB[^i


xV¤� GJIsS#GfGJILK§RBVY[lGfSUWd`#SUFdO^K^W [�DE[lGeKMRT[ S#\JK§O^SUcsSUhL]_K�VUmt\lK^FLWdK^\JN_FLw�cLIdVUGeV#n
\JK|S#]PNP[�GeN_OTIHQLRTSUFLVYN_WL[:GJILK�O}IsS#]P]PKMFLwYKBNP[ZGeV�SUQdGJVYRTS#GeN_O|SU]_]_D�wYK^FLKM\eS#GJK�\JK^SU]PN_[lGeN_O�IEQEn
RfSUFfRTVUGJNPVYF{ibª*]_RTVU[lG~SU]P]'VUm1GJILK/ILN_wYI��HQsSU]_N_G¨DBIHQLRfS#F�RTV#GeNPVUFTQL[lK^W NPFTqs]PRB[~S#FLW
waSURBK^[=NP[kRBVUGeN_VYF�O^SUcdGeQd\JK^W m�\JVYR�SUOMGJVY\J[(n¨S�GJNPRBK/O^VUFL[JQLRBNPFdwTS#FLW�S|�=�a�~SU\JW�cL\JV#n
O^K^[l[�NPFLOMQL\J\lNPFLw RBVY[lGXVUm(GeIdKfV!`YKM\JILK^SUWL[�VUmkOMVYFa`YKMFHGJNPVYFLSU]2qs]_RTN_FLwLi CuQdO}I�RTVUGJNPVYF
NP[�G¨DEcLNPO^SU]P]zD�cL\lVuOMK^[J[lK^W QL[lNPFLw�RBVUGeN_VYF�K^WLNzGeN_FLw�[JVUm G¨�~SU\JK#vkSUWLWdNPFLw�SUF SUWLWLNzGeNPVUFsSU]
hLQL\JWdK^F�GJV GJILKBSUFLN_RfS#GJVY\^i�ª9QdGeVURfS#GJNPOgRBVUGJNPVYF�wYKMFLK^\JS#GeN_VYF�O|SUF�O^N_\JO^QdRX`YKMFHGZGeIdK
RTVUGJNPVYF�O|SUcuGeQL\lK�cL\JVEO^KM[J[�VY\Zm�SUO^N_]PN_GeS#GeK�ILN_wYILKM\g]PK�`YK^]2RTV#GeNPVUF K^WdN_GeN_FLw�GJIsS#G�S#QdGeV#n
RfS#GJNPO^SU]P]zDXcL\lK^[lK^\l`UK^[~GJILKxIEQdRfSUFEn¨]PN_�UK=�HQsSU]_N_GeN_K^[rVUm{RTV#GeNPVUF7i0*)3bN_FsSU] 3'SUFaG}SU[�D+«_vH�=N_GJI
N_Ge[kK �EGe\JKMRTKM]_Df\JK|S#]PNP[�GeN_O/\JKMFLWLK^\lNPFLw�\lKM`YK^SU]PKMW�Sgm�QL\�GeILKM\k]PN_RTNzG}S#GJNPVYFBVUm RTV#GeNPVUF�O|SUcEn
GeQL\lKfSU[oGJILKTRBVY[�Gt[JNPwUFLN_qsO^SUFaGe]zD§QLFL\lK|SU]_NP[�GeNPO�KM]PKMRTKMFHGZVUm~N_GJ[ocL\JKM[JK^FaGeS#GeN_VYF7i�CENPFLOMK
O|SUcdGJQL\JK:RgQL[�G9h+KZc.KM\lm�VY\lRTKMW�N_F�SU[xQLFLOM]PQdGlGeKM\JK^W�K^Fa`ENP\lVYFLRBK^FaG/S#[xc+VY[l[JNPhd]PKtNPF VY\�n
WLK^\xGeVfRTS;�uNPRBNP[lKo[JKMFL[JVY\9`uN_[JN_hLNP]_N_G¨DTVY\9\lK^[lVY]PQdGJNPVYF VUmr[lK^FL[lVY\/c+VY[JNzGeN_VYFL[xSUFLW�RfSUFaD
[JKMGJ[tSU\JK:WLK^[lNPwYFdK^W§`ENP\�GeQsSU]_]_DUv+NzG/N_[9N_F§wYK^FdK^\eS#]bNPRBc+VY[J[lNPhL]_Ktm�VU\9GeIdKgSUO�GeVY\l[*GeV�ILS!`UK
SfwYVEVuW [JcsS;GeN�S#]�S|�~SU\JKMFLK^[l[oVUm�GJILK^N_\*[JK�G|i��1NP�UK��=NP[lKUv.GJILKXRBVUGJNPVYFL[=VUm�]�SU\lwYK:wU\JVYQLcd[
VUmkc+K^VYcL]_KfRgQd[lG:h.KT\JK^OMVY\JWdK^W�WLN_[JO^\lKMGJK^]_D�SUFdW [JQdhL[JKM�EQdK^FaGe]zD�\JK^SU[J[lK^RghL]_K^W7i jkILN_[
]PK|S#WL[2GJV�S:[lK^FL[lK/GeIsS#G@GeIdK/O}IsSU\JSUOMGJK^\J[(SU\JK*SUhL[lGJ\eSUO�GeKMWfm�\JVYR K^SUO}I�VUGeIdK^\(S#FLWfGeIdK^NP\
K^Fa`ENP\JVUFLRTKMFaG|i

�*DEFsSURBNPOM[XhsS#[JK^W�RBVUGeN_VYF wUK^FLKM\eS#GJNPVYF�N_[gS§�UK�D�GeVEVY]@NPF�wYKMFLK^\JS#GeN_FLw§\lK|SU]_NP[lGJNPO
RTVUGJNPVYF{v2[lNPFLOMK haD�GeIdK�FsS;GeQL\lK V#m*GeIdK�cLIaDE[JN_O|SU]=]PS!�=[BNPFa`UVY]_`UK^W7v2[JQLO}I�RBVUGJNPVYF�NP[
NPFLILKM\JKMFHGJ]_D�cLIaDE[JN_O|SU]_]_D�O^VY\l\JKMOMG|i?Ot\lVYQLcL[:VUmk`ENP\�GeQsSU]@SUO�GeVY\l[XRTS|D S#]P[JV�O^VEK��uNP[�GgN_F
VYFLK�`ENP\lGJQsSU]2[JKMGTSUFdW�N_FaGeK^\JSUOMG^i�jkILK O}IsSU]_]PKMFLwYK�NP[:GeV�qsFLW�[JQLNzG}SUhd]PK�RBKMGJILVuWd[�VUm
O^VYFaGe\lVY]P]_NPFLw�WuDuFLSURTN_O|SU]_]_D�[JN_RgQL]�S;GeK^W�SUO�GeVY\l[:S#FLW RBNPRBNPO}�HNPFdwfGeILKBO}IsSU\JSUOMGJK^\lNP[lGJNPOM[
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VUmbwUK^FHQLNPFdKZIHQLRTSUF RTV#GeNPVUF7i

��������� ���
	���
�������������������� 
!��	�"#��� �

jkILKfK^SU\J]zD�O^VYRBcLQdGJK^\t[JN_RgQL]PS#GeKMW�IHQLRTSUFLVUNPWL[o�2K^\JKTRfS#NPFL]zD�cL\lVuWdQLO^KMW�haD�O^VY\lc.V#n
\eS#GJK�h.VEWLNPKM[�NPFa`YKM[lGJNPwaS#GJNPFLw�KM\JwYVUFLVYRBNPO^[%$ �/VEVY]PK�D � ­ A"@ (U¡�v�,~SUWL]PKM\�� ­ AR@ (Y¡�&�i 3sVY\
K��dSURBcL]PK#v N_F ­ A 2 A ,~VEK^N_FLw�WLK�`YK^]_VYc+K^W�,~VuKMRfS#F7v%S=( . �lVYNPFaGt[JO^SU]�S#hL]PKgIHQLRTSUFLVUNPW7i
,~VuKMRfS#F��~SU[ZQL[JKMW�GeV�SU[l[JK^[l[X\lK|SUO}ILN_FLw�S#GJGJK^RBcdGe[ZSUFLW�SUFsS#]_DE[JK�GeILK�`ENP[lQsSU]�qsKM]PW7v
O^VYRBcLQdGJK^\ZO|SU\lWL[Z�2K^\lKTFdK^O^KM[J[JSU\lD�GeV [Jc+K^OMN_m D§GJILKTKMFa`uN_\JVYFdRTKMFHG:SUFdW VYQdGJcLQdGt�~SU[
wYK^FLKM\eS#GJK^W VYF�S:wY\eSUcdILNPO9cL]PVUGlGeKM\^i�,~VEK^RTSUFf�~SU[(Qd[JK^W SU[(SXhsSU[lNP[~m�VY\@GeILK+M(SU\~[�Du[�n
GeK^R S#]P[JV�WdKM`YKM]PVYc+K^W�haD=,~VuKMNPFLwdvLSUFLW QL[lK^W�m�VU\=SUFsSU]zDu[lNPFLw�wU\JVYQLcd[xV#m�IHQLRTSUFLVYN_WL[^i
M~IL\lDE[J]_K^\ZWLKM`UK^]_VYc.KMW1M2DEh+K^\JRTSUF7v�S�cLIaDE[JNPO^SU]P]zD§RBVuWdK^]P]_K^W ­ $ ]PN_FL� IEQdRfSUFdVYNPW7v1GJV
RTVEWLK^]2WL\JNz`YKM\J[^v�csS#[J[JKMFLwYKM\J[TSUFLW�IHQLRTSUF�SUOMGJN_`EN_G¨D SU\lVYQLFLW�S�O|S#\^i � VEO}�a�~KM]P]�P¨FEn
GeK^\lFsS#GJNPVYFsS#]�NPF�M(SU]_N_m�VY\lFLN�SfWdKM`YKM]PVYc+K^W ,~Qdm�VY\lW7v S c+VY]zDuwUVYFsSU]�IHQLRTSUFLVUNPW�QL[JKMW�m�VY\
\JK|S#O}I�SUFLW�O^]_K|SU\JSUFLO^K�`ENP[lQsSU]PN_[eS#GJNPVYF�NPF M~ª/��SUcdcL]PN_O|S#GJNPVYFL[MiBCuVYRBK�K|SU\l]_D�RBVuWdK^]P[
�~KM\JK:SU]P[lV�WLKM`UK^]PVUc.KMW�haD SUO^SUWLK^RBNPO*NPFL[�GeN_GJQdGeN_VYFL[([lQLO}I§S#[(GeILK . $ ]PN_FL� M~VYRghLN_RfSUF
[lDE[lGJK^R S;G:GJILK('xFLN_`UK^\l[JN_G¨D�VUmk�oS!DHGJVYF7« [Xª*KM\JVY[lcsSUOMK ��KMWLNPO^SU] � K^[lK|SU\lO}I �%SUh.VU\eS;n
GeVY\�DYv*Qd[JK^W¦m�VY\�\JK^SUO}I SUFsSU]zDu[lNP[Mi ,~QLhLhd]PK^RTSUF N_[ S�IHQLRTSUFLVUNPW O^VURTc+VY[JKMW m�\JVYR
[JcLILKM\JKM[^v�S#FLW��(SU[tWLK�`YKM]PVYc+K^W�S#GoGeIdK)'xFLN_`UK^\l[JN_G¨D§VUm � K^FLFd[lDE]_`#SUFLNPS SUFLW�QL[JKMW�m�VY\
\JK|S#O}I SUFLWfOMVY]P]_NP[lNPVYF�SUFLSU]_DE[JN_[�npGeILK9[JcLIdK^\JN_O|SU]'cL\lNPRBN_GJN_`YKM[rm�SUO^N_]PN_GeS#GeKMW�K|SU[�DTOMVY]P]_NP[lNPVYF
GeK^[�Ge[Mi�ª ( ­ ]PN_FL��c.VU]_DEwYVYFsS#]@IHQLRTSUFLVUNPW7v�CuSURTRBNPK#v��~SU[gWLK�`YKM]PVYc+K^W�S#G:GeILK*'xFLNzn
`YK^\l[JNzG¨D V#m 
xVUGJGJNPFLwYILSUR SUFLW�QL[lK^W m�VU\B\lK|SUO}IEn¨[JcLSUO^K#v~`ENP[JQLSU](qsK^]_W7v(S#FLW cdIHDE[lNPO|S#]
O^VYR�m�VY\lGxS#FsSU]_DE[lNP[^i

�*DEFsSURBNPOM[:hLSU[JKMW�IHQLRTSUFLVUNPW�S#FLNPRTS#GeN_VYF�IsSU[Xh+K^KMF��=NPWLKM]_D�WLNP[lO^QL[l[JKMW�N_F GeIdK
]PN_GJK^\JS#GeQL\lK�SUFLW�[JVYRBK�]PVYFdw [�G}SUFdWLNPFLw RBVuWLKM]P[oIsS|`UKTK�`YVY]z`YK^W{i P¨F cLSU\lGJNPO^Qd]�SU\	
xVY\�n
RfSUF�,(SUWd]PK^\M«¬[k�2VY\J��VUF GJILK,+YSUO}��[lDE[lGJK^R-$ ,(SUWL]_K^\=KMG9SU]�i%� ­ ARA .a¡�v �tVTSUFLW�,(SUWd]PK^\
� ­ A"A 2a¡�&�vbS#FLW.+YSUFdK y N_]PILKM]PRB[^«7RBVuWdK^]P[0/21*NP\�DaSdv ��SUFLN_�HNPF�SUFLW �tS|DaSui�jkILK*+YSUO}�
[lDE[lGJK^R WLKM`UK^]_VYc.KMWTm�\lVYR-StcLQL\JKM]_D��HN_FLK^RTS#GeN_OkRTVEWLKM]dGeV:SZWuDuFLSURTN_O|SU]_]_D:[JN_RgQL]�S;GeK^W
IEQdRfSUFdVYNPWgO^SUcsSUhd]PK(VUm+[�G}SUFLWdNPFLwLv#�(SU]_�HNPFLwLv#RfS#FLNPcLQd]�S#GJNPFLwxVYh �lKMOMGe[��=NzGeIgGJILK(IsSUFdWL[
SUFLW�SUWLRBNPFLN_[lGJ\eS#GJNPFLw O^VYFaGJ\JVY]@m�VY\gO^VURTcL]_K�� O^VEVY\JWdNPFsS#GJK^W GeSU[J�H[Mi y NP]_ILK^]_RT[M«1qs\J[�G
[lDE[lGJK^R v31/NP\�DaSdv.�(SU[tS�WuDuFLSURTN_O|SU]_]_D [lNPRgQL]PS#GeKMW�IHQLRTSUFLVYN_W��=N_GJI�]PN_RTNzGeK^W O^VUFHGJ\JVY]
hHDZRBK|SUFd[�VUmuGeVY\l�HQLK2m�QLFdOMGeN_VYFL[%m�VY\1GeILK �lVYN_FHGJ[�V#mdGeIdK@qswUQL\JK#i ��SUFdNP�HNPF:SUWLWLKMWgNPFaGJK^\�n
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SUOMGJN_`YKkOMVYFaGe\lVY]dhaDgRBK|S#FL[�VUm+wYVaS#]uc+VY[JNzGeN_VYFL[^vUVY\�m�VY\lO^KM[�SUWLWLKMWBN_FaGeV*GJILKk[JN_RgQL]�S;GeNPVUF7i
�ZS|DYS�N_FLO^VU\Jc+VY\eS#GJK^W S#F NPRBcL\JV!`YKMW QL[JKM\�NPFaGeKM\lm�SUOMKUvxRTV#GeNPVUF�[lGJVY\eS#wYK§QL[lNPFLw��#KMDan
m�\eSURBK^[TSUFLW NPFaGeKM\JO}IsSUFdwYK|SUhd]PK WdDEFsSURBNPO^[�m�VY\lRgQL]�S;GeNPVUFL[^i ��O �oK^FdFsSdvk[JQdc.KM\l`ENP[lK^W
hHDB�oS|`ENPW��{KM]_G��^K^\MvaWLKM`UK^]_VYc.KMW�SoIHQLRTSUFLVYN_W�RTVEWLK^]dO|SU]_]PK^WHM~VU\JcLQL[ $ ��O �oK^FdFsS:S#FLW
�{K^]_G��^KM\�� ­ A"A 2Y¡�&kN_FLO^VY\lc.VU\eS#GJNPFLw§wU\eS|`EN_G¨DYv2O^VY]_]PN_[JNPVUFL[^vrOMVYFaG}SUO�G|v2m�\lNPO�GeNPVUF7v�WsSURBcLNPFLw
SUFLW �lVUNPFaGX]_NPRBN_GJ[���cL\lVYhL]_K^RB[tGJIsS#GXSU\JKBWLN_[JO^Qd[J[JKMW�NPF�ª*cLc+K^FdWLNz���gi ­ ¡�i � S#�UK�S#FLW
Ot\lK^K^F � ­ A"A ­ ¡�WLK�`YKM]PVYc+K^W S hLSU]P]_\JVEVYR WsSUFdO^NPFdw�WdDEFsSURBNPO�IEQdRfSUFdVYNPW7i P¨F ­ A"A 2
GeILK�[lcsSUO^K n�GJNPRBKfO^VUFL[lGJ\eSUN_FHGJ[�csSU\JSUWLNPwUR �~SU[gm�VY\lRgQL]PS#GeKMW�QL[JN_FLw�S�m�SU[�G�\JKMO^QL\l[JN_`UK
WdDEFsSURBNPO^[�[�Du[�GeKMR m�S#O^NP]_N_GeS#GeN_FLwxGJILKxSUFLN_RfS#GJNPVYFXVUm7StIHQLRTSUFLVYN_WBRBVEWLK^]d�=NzGeIH. @ WLK n
wY\JKMK^[=VUm%m�\JKMK^WLVYR������+3b[e¡�$ � VY[lKoKMGxSU]�i7� ­ A"A 2a¡ &pirCucsSUOMK�n�GJNPRBK/O^VUFL[lGJ\eSUN_FHGJ[kc.KM\JRBN_G
SZFHQLRgh+K^\@VUm{RTVUGJNPVYF�OMVYFL[�Ge\eS#NPFaGe[@[JQLO}I�SU[�c.VY[lN_GJNPVYF�wYVaS#]P[^vHS#FLWBGJILKx\JK^[lQL]_GeSUFaG~RBV#n
GeNPVUF�NP[~m�VU\JRgQL]PS#GeKMW�SU[kS#F�VYcdGeN_RTN_[eS#GJNPVYFBcL\lVYhL]PKMR Qd[JNPFdw�[lDERgh+VY]PN_O/SU]_wYK^hL\JSX[JVU]_`YKMW
���	��
��
�!� $ y N_GJ�EN_F S#FLW �tSU[J[�� ­ AR@"@ ¡�v�M~VUILK^F � ­ A"A (U¡�v 
9wUV§SUFLW ��SU\J�H[�� ­ A"A .a¡�v
�%NrK�G:SU]pi�� ­ A"ARB ¡�v Oo]PKMNPO}ILKM\B� ­ A"A 5Y¡�&�i��/cdGeN_RTN_[eS#GJNPVYF§ILSU[ZSU]P[lV h+K^KMF QL[lK^W�GeV wYK^FEn
K^\eS;GeK�OMVYFaGe\JVU]@m�VY\:WdDEFsSURBNPO^SU]P]zD�[JN_RgQL]�S;GeK^W�RgQL[lO^]PKfSUOMGJQsS#GJK^W�IHQLRTSUFLVYN_W RBVuWdK^]P[
QL[JN_FLw ,�3�OZC VYcdGJNPRBNP[JS#GeN_VYF $ ���VYRXQL\eSBSUFLW �oQLFdNPN2� ­ ARA 5Y¡�&�v+SUFLW�S#O^O^VU\JWLN_FLwTGJVTGeIdK
[JV#n�O|SU]_]PK^W�[lQLhun¨VUcdGeN_RfSU]dO^VYFaGe\lVY]'csSU\JSUWLNPwUR $ �bSU\l�BK�G2SU]pi+� ­ A"A (Y¡ &pi�P¨FTm�SUO�G|vHWdDEFsSURBNPO
RgQL[JOM]PK RTVEWLKM]P[�IsS|`YK�SU]_[JV�h.KMK^F QL[JKMW GeV�SUFsS#]_DE[JK SUFLW RTVEWLNzm D IHQLRTSUF�RTVUGJNPVYF
O|SUcdGJQL\JK*WsS#G}S($ �oQLFdNPN+SUFLW CEQLF�� ­ ARARQ ¡�&�i £ NPwYId]_D�[Jc+K^OMN_qsO9RTV#GeNPVUFL[�IsS|`YKtSU]_[JVZh.KMK^F
cL\JVYwU\eSURBRTKMW�m�VY\9WdDEFsSURBNPO:IEQdRfSUFdVYNPWL[9[JQLO}I�SU[*\JQLFLFdNPFLwLv.IsSUFLWEn¨[Jcd\JNPFdwf`#SUQL]_GJNPFLw
SUFLW�OMDEO^]_NPFLw $ £ VEWLwYN_FL[/KMG:SU]�ir� ­ A"A $ ¡ &pi�,(SU]PSUFLO^N_FLw�SUFdW��~SU]_�EN_FLw�G}SU[l�H[ZILS!`UKBSU]P[lV
h.KMK^F�SUOMO^VYRBcL]_NP[JIdK^W�haD�NPWLKMFHGJN_m DENPFdw�S#FLW \lK^cL]_NPO|S;GeNPFdw�OMDEO^]_NPO�csS#GlGeK^\lFL[ZNPF�RTVUGJNPVYF
WsS#G}S $ � S#[��^]_V�KMGxSU]�i%� ­ ARA 2a¡�&�i

jkILKM\JK*SU\JK9[JKM`UK^\JSU]{\lK^O^Qd\J\JKMFaGkNP[l[JQLKM[(\JKM]PKM`#SUFaG@GeVgWuDuFLSURTN_O=IEQdRfSUFdVYNPWL[Mi�jkILKM[JK
NP[J[lQLK^[~NPFLOM]PQLWLK=RBVuWdK^]'O^VYRBcL]_K��uN_G¨D ��[JN_FLO^K9ILNPwYId]_D�SU\�GeN_O^QL]PS#GeKMWH&sK �uNPhL]_K9RBVuWdK^]P[�O^SUF
\JK^cd]PNPO^S#GeK�FLS#GeQL\JSU](RBVUGeN_VYF�RBVY\JK�\lK|SU]_NP[lGJNPO^SU]P]zD�hLQdGBNPFLOM\JK^SU[JK�GeIdK OMVYRBcLQdG}S;GeNPVUFsSU]
hLQL\JWdK^F'¡ vsVYhdG}S#NPFLN_FLwXWdDEFsS#RTN_O|SU]+WsS#GeSXGeV�\JK^SU]PN_[lGJNPO|S#]P]_DgRTVEWLK^]'GeIdKoRfSU[l[kSUFLW�RTSU[l[
WLNP[�Ge\JN_hLQdGJNPVYFL[oV#m(IHQLRTSUF�]_NPRghd[^v1[JO^SU]PN_FLw�[JQdO}I�WsS#GeS N_F�S#F SUFaGJIL\JVYc+VYRBVY\JcdILNPO^SU]P]zD
O^VY\l\JK^O�G�RfS#FLFLK^\�GJV/m�SUO^N_]PNzG}S#GJK@wUK^FLKM\eSU]_NP[eS#hL]PK2IEQdRfSUFdVYNPW�RBVuWdK^]P[MvURTSUNPFaGeSUNPFLN_FLw*hLSU]zn
SUFLO^K#v2OMVYFaGe\lVY]P]_NPFLw qswYQL\lK�c.VU[lGeQd\JKUv@cL]PSUFLFLN_FLw�RBVUGeN_VYFL[MvrwYK^FLKM\eS#GJNPFLw�FsS#GeQd\eSU](RBV#n
GeNPVUFL[=SUFLW NPFLOMVY\Jc+VY\JS#GeN_FLwgIHQLRTSUFun¨]_NP�#KoK^RBVUGeN_VYFsSU]+�HQsSU]PNzGeN_K^[^i
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��VuWdK^](OMVYRTcd]PK��uNzG¨D�G¨DEcLN_O|SU]_]_D�\JSUFLwYKM[Xm�\JVYR©SUh+VYQdG ­ $ n @ Q ���+3b[^i§jkIdK�[JILVYQd]PWLKM\
SUFLW�[lcLNPFLK9SU\lK*QL[lQsSU]P]zD��UK�DTm�S#OMGeVU\J[@[JNPFdO^K*h+VUGJI�SU\lK9ILN_wYIL]zDBSU\lGJNPO^Qd]�S#GJK^W�[lGJ\JQLO�GeQL\lK^[
GeIsS#G:O|S#FLFLVUGZh+KfSUOMO^QL\JS#GeKM]_D�RBVuWdK^]P]_K^W§�=NzGeI�S [lNPFLwY]_KBSU\lGJNPO^Qd]�S#GJNPVYF7i�P¨FdWLK^KMW7vbGeIdK
h.VEWdD�NP[�FLVUGTO^VURTc+VY[JKMW�VUm*\JNPwUNPW�]PN_FL�H[fSUFdW�SU\�GeNPOMQL]�S;GeK^[BSUOMO^VY\lWLNPFdw�GeV�O^VYRBcL]_K��
h.VYFdK�SUFLW�RgQd[JO^]_KfN_FHGJK^\JSUOMGJNPVYFL[ $ ,~SUWL]PKM\�� ­ A"@ (Y¡ &pi§CuNPRBcL]_KBRBVEWLK^]_[XNPFdO^]PQdWLK�S ­ A
��� 3 RTVEWLK^] $ � VY[lKgKMGtS#]pib� ­ A"A 2a¡�&�v7SUFdW�S�OMDEO^]_NPFLw�IHQLRTSUFLVUNPW��=ILKM\JKgGJILKghLN_OMDEO^]_K
SUFLW�IHQLRTSUF�S#\JK O^VYRghdNPFLKMW�NPFaGJV S�[JNPFdwY]PK �HNPFLKMRfS;GeNPO [�Ge\JQdOMGeQd\JK.$ ,~\lVYwaSUF KMGfSU]pi
� ­ A"AR@ ¡�&�i ��VY\JK�OMVYRBcL]PK �§RBVuWdK^]P[9IsS|`YK�N_FH`UVY]_`UK^W . @ ���+3b[ $ � VY[JKgK�GZSU]pib� ­ A"A 2a¡ &pv
5R5Z���+3b[
$ P¨[eSYS#O^[(S#FLW M~VYIdK^F�� ­ A"@"@ ¡�&�vuS#FLWfK�`YK^F�S ­ 5o]PN_FL�gS#\lGeN_O^QL]PS#GeKMWT[lcLNPFdK $ �oV
SUFLW?,~SUWL]PKM\Z� ­ ARA 2a¡�&�i�ª*QdGJILVY\l[9IsS|`UKXSU]_[JV�[JQdwYwYK^[�GeKMW§RTKM\JwYN_FLw�h+VuWdD�[JK^wURTKMFHGJ[9GJV
csSU\eS#RTK�GeK^\lNP[lKoO^VYRBcL]PK �uN_G¨D $ y NP]_ILK^]_RT[~KMG9SU]pi7� ­ AR@"@ ¡�&�i
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ª FEQdRgh.KM\rVUm+[JVYQd\JO^KM[�VUm+WdDEFsSURBNPO~WLS#G}S/IsS|`UKxh+K^KMF�NPWLKMFHGJN_qsKMW7i�jkILKM[JK=NPFdO^]PQdWLK~GeIdK
�~KMNPwYIaGe[@SUFdWTOM\JVY[l[@[lK^O�GeNPVUFsSU]LRgQd[JO^]_KxSU\JK^SU[rVUm.WLNP[l[JK^O�GeKMWfO|S#WsS|`YK^\l[�$ �/K^RBcL[�GeK^\�S#FLW
OZSUQdwYIL\eS#F � ­ A 2 5Y¡�&�v#SUcLcL\lV!�uN_RfS#GJNPVYFd[%m�\lVYR RTKMWLNPO^SU]H[JO^SUFL[�$ ��O �oKMFLFsStSUFLW �{KM]_G��^K^\
� ­ A"A 2a¡�&�v*hLN_VYRBK^O}IsSUFdNPO|S#]/\JKM[JK|S#\JO}I $ 
9VU\JWLN_F SUFdW 3s\eS#FL�UKM]B� ­ A"@RA ¡�&�v/SUFdW¦`#SU\lNPVYQL[
VUGeILKM\ocLQLhL]_NP[lILK^W�WsS#GeS $ ,~\lVYwaSUF�K�G:SU]pi�� ­ A"AR@ ¡�&�igCEQLO}I�WLS#G}S�NP[*wYK^FLKM\eSU]_]_D�SUcLcL]_NPKMW
GeV�c+VY]_DEILKMWL\eSU]9]PN_Rgh�RBVuWdK^]P[Mi�ª�FHQLRgh+K^\�V#moGeK^O}IdFLNP�HQLKM[ K �uNP[lGfm�VY\�O|S#]PO^Qd]�S#GJNPFLw
NPFLKM\lGeNPSU]oRBVYRTKMFaGe[ VUmgc+VY]zDuIdK^WL\JS $ �%N_K^F SUFLW �ZS �lN_DaS � ­ A"@RB ¡ v 1@SU[JN_]PVYFLN_�UVY]_NPWsS#�EN_[
SUFLW M~]�S#cH�2VY\�GeIaD�� ­ A"A ­ ¡ v��2S#FLw�KMGtS#]pib� ­ A"A 5Y¡�&bSUFLW§GJILK^[lK�IsS|`YK�h+K^K^F�SUcdcL]PN_K^W�GJV
]PNPRXh O}ILSU\eSUO�GeKM\JNP[�GeN_O^[ $ £ VuWLwUNPFL[xKMG*SU]pi � ­ A"A $ ¡�v �%SU�UKXSUFLW?Ot\lK^K^F�� ­ ARA ­ ¡�& S#FLW�O^SUF
]PNP�#KM�=N_[JKth.KtS#cLcL]PN_K^W�GeVBSUFaGJIL\JVYc+VYRBKMGJ\JNPO*[JO|S#]PNPFdw $ �oVBSUFLW=,(SUWL]_K^\Z� ­ A"A 2a¡ &pi
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jkILK@qL\J[lG OMVYFaGe\JVU]HGeSU[J�9m�VY\%SxIHQLRTSUFLVUNPWtNPFZSkWdDEFsSURBNPO�K^Fa`ENP\lVYFLRBK^FaG NP[7GJV9RTSUNPFaGeSUNPF
SBhsS#]�SUFLOMK^W c.VU[lGeQd\JKUi 'xFdm�VY\lGJQLFsS#GJK^]zD�GeILN_[kNP[kVYFdKZV#mbGeIdKZRBVY[�G=WLN_¥BO^Qd]_G=cL\lVYhL]PKMRT[
NPF�GeILKkqsKM]PWBVUm7IHQLRTSUFBRTVUGJNPVYF{vYK^[lc.KMO^N�S#]P]_D:�=ILK^FfSZIHQLRTSUFLVUNPW�K��uc+K^\JN_K^FLOMK^[2[JNPwUFLN_m�n
NPO|S#FHGom�VU\JO^KXNPFaGeKM\eSUO�GeNPVUFL[*�=N_GJI�N_Ge[*K^Fa`ENP\JVUFLRTKMFaG)$ ªxDuWdNPF�SUFLW 
9SU�;S��lNPRTS�� ­ A"A"A ¡ &pi
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£ QLRTSUF�h.KMNPFLwU[ZILS!`UKTIdNPwYIL]zD�[lVYcLILN_[lGJNPO|S;GeK^W�RBKMGJILVuWd[ZV#m~hsS#]�SUFLOMNPFLwdv7NPFLOMVY\Jc+VY\JS#Gln
NPFLwt\JK�&sK��uKM[(SUO�GeN_`#S#GJK^W�N_F�GJILK=hL\eS#NPFBSUFLW�[JcdNPFsSU]sOMVY\JW���$ � VUh.KM\lGe[9� ­ A"A $ ¡ &pvUcL\JKM[J[JQd\JK
[JK^Fd[JVY\l[xWdNP[lGJ\JN_hLQdGeKMW�V!`YKM\(GeILK/[lVY]PK9VUm1GeIdK*m�VuV#G $ �ZS|`UVYQLFLVYQdWLN�SU[(SUFLW � VY]P]�� ­ A"@ 5Y¡ &pv
SUFLW�hsSU]�S#FLO^K�O^SUF�GeSU�UK�QLc�GJV . Q [lK^OMVYFLWL[ZGeV \JKMO^V!`YKM\Zm�\lVYR �2K|SU��c+K^\�GeQL\lhsS#GJNPVYFL[
$ �%SUQL�tK�GrSU]�id� ­ A"A"@ ¡�&�iKM~VYRBcLQdGJK^\lNP[JKMWghsSU]PSUFLOMK2OMVYFaGe\JVU]P]PKM\J[ IsS|`YK(h+K^KMFgWLKM[JNPwUFLK^Wgm�VY\
[lG}S#FLWLNPFdwoSUFLWgGJQLRghL]_NPFLw $ y VEVUGeKMF�SUFLW £ VuWLwUNPFL[(� ­ A"A 5Y¡�&�vUQL[lNPFLw9GeILK([lV#n¨O^SU]P]_K^W �^K^\lV
RTVYRBK^FaG*c.VYN_FaG9n�GJILKXc+VYN_FHG/SUh+VYQdG*�=IdNPO}I�Sfm�SU]_]PNPFdwBh+VEWdD�N_[*\lVUG}S#GJNPFLwBGeIsS;G*Ge\JSUFL[�n
RTNzGe[rFLVoGeVU\J�HQLK,$ �oVZSUFLW ,(SUWd]PK^\x� ­ A"A 2Y¡�&�vYhaD�[JNPRXQL]�S#GJNPFLw*QLcL[JN_WLK�n�WLV!�=FTwU\eS|`EN_G¨DgGJV
K��.K^OMGJN_`UK^]_DfIsSUFLwgSXh.VEWdDTQLca�(S#\JWL[2$ `#SUF �*`YK^\�`YKM]PW�� ­ A"A .a¡ &pvEQL[JN_FLw�[Jcd\JNPFdw#n¨WsS#RTc+K^\
[lDE[lGJK^RB[($ �%SU�UKgSUFLW Oo\JK^KMF � ­ A"A ­ ¡�&bSUFLW�GJIL\JVUQLwYI�WLK�G}SUN_]PK^W�[Jc+K^O^NzqsO|S;GeNPVUF§VUm@[JQLcEn
c.VY\�GeN_FLw§]PN_RghL[tGeIL\lVYQLwYIdVYQdG�c+VY[lGJQL\JKTGe\eS#FL[JNzGeNPVUFL[*$ OtN_\eSU\lW � ­ A"A ­ ¡ &pi§jkIdK SU\JK^S§VUm
[JQLcLc+VY\�G|v{h+K^N_FLwTGJILKXcd]�SUFsS#\9OMVYFa`YK��§IHQL]P]%VUmrc+VYN_FHGJ[*N_F�OMVYFaG}SUO�G/�=N_GJI�GeIdKXwY\lVYQLFLW7v
SUFLW�GeILK=cL\lV �lK^O�GeNPVUFTVUm+GeIdK9OMK^FaGe\lK9VUm.RTSU[J[9� M � �§¡�VYFaGJVZGJILK=wY\JVYQdFLWTO^SUFBh.K=QL[lK^W
GeV WLKMGJK^\lRTN_FLK�[lGeS#GeN_O�hsSU]�S#FLO^KXn¨S [�Ge\lQLOMGJQL\JK�NP[ohLSU]�SUFdO^K^W�Nzm2GJILKHM � � cL\lV �lK^O�GeN_VYF
NP[*�=NzGeILN_F§GeILK�SU\lK|S�VUm@[lQLcLc+VY\lG^iXjkILN_[*GeKMO}ILFLNP�HQLK�IsS#[oh.KMK^F�QL[JKMW�GJV SUFsSU]zDE[JKgGeIdK
[lG}S#hLNP]_N_G¨DBVUm RfS#\lGeNPSU]+SU\lGJ[(GeKMO}ILFLNP�HQLKM[,$¬CuIdNPFsSUwYS!�~SgKMGxS#]pi{� ­ A"A 5Y¡�&�vLSUFdW�GeV�hsSU]PSUFLOMK
WdDEFsSURBNPO�IHQLRTSUFLVYN_WL[ $ £ VEWLwYNPFd[�KMGBSU]�ik� ­ A"A $ ¡ v ��O �tKMFLFsS�SUFLW �{K^]zG �MK^\ � ­ A"A 2a¡ &pi
P�GeK^\JS#GeNz`YK RTK�GeILVEWL[�IsS|`YK�SU]_[JV�h.KMK^F�Qd[JK^W�GeV�O|SU]_O^QL]PS#GeK�[�G}SUhd]PK RTV#GeNPVUFL[ $ �%SU[ �^]_V
KMG=SU]�i+� ­ ARA 2a¡�&.SUFdW�hsSU]PSUFLO^KMW�c+VY[lGJQL\JKM[ $ ªxDEWLNPF�S#FLW 
*S#�#S �lNPRTSf� ­ A"A"A ¡ &pvENPFdO^]PQdWLNPFLw
SUF K �uGJK^FLWdK^W1P ��RBKMGeIdVuW�NPFLOMVY\Jc+VY\JS#GeN_FLw [lG}S;GeNPO�hsS#]�SUFLOMK $ ,~VYQd]PNPO�K�GgS#]pi@� ­ A"A 5Y¡ &pi
Cuc.KMO^NPSU]PN_[JK^W�O^VYFaGe\lVY]P]_K^\l[/IsS|`YK�h+K^KMF�Qd[JK^W�GJV�hsSU]�S#FLO^Kg[lNPRgQd]�S#GJK^W§ILVUcLcLNPFdw�\JVYh+VUGJ[
SUFLWXO�DEO^]PN_[lGJ[ $ ,~\JVUwaSUFZKMG�SU]pia� ­ A"AR@ ¡�&ESUFdW:\lK^[JOMQLK~\lK'&sK �uK^[bm�VY\%[l]PNPcdcLNPFLw=S#FLW:GJ\JNPcdcLNPFLw
$ ,~VEVYFLKZSUFdW £ VuWLwUNPFL[t� ­ A"A 5U¡�&�i
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��VY[�GeQL\lK�O^VYFaGe\lVY](S#FLW�RBVUGeN_VYF�cd]�SUFLFdNPFLw�SU\JKThL\JVaS#W�cL\JVUhL]PKMRT[Mi ��VU[lGeQd\JK�O^VUFHGJ\JVY]
NPFa`YVY]z`YKM[Z[JS#GeN_[lm DENPFdw�RgQL]_GJNPcL]_K:�HN_FLK^RTS#GeN_O:GeSU\JwYK�Ge[ $ ª9DEWLN_F�S#FLW 
*SU�;S��lN_RfS§� ­ A"ARA ¡�&
SUFLWgVYhd[lG}S#O^]PK~S|`YVYN_WsSUFLOMK $ �tVU\JK^N_FgSUFdW�,(SUWL]_K^\~� ­ AR@ (Y¡�&�i ��VUGeN_VYFXcd]�SUFLFdNPFLwxNPFa`YVU]_`YKM[
GeILKtG}SU[l��VUmb\JK^wUQL]�S#GJNPFLwgGeSU\JwUKMGxc.VU[lGeQd\JK^[9SUFLW IsSU[=h+K^KMF�G}S#O}�E]_K^W �=N_GJI qsFdN_GeKt[�G}S#GJK
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RfSUO}IdNPFLKM[ $ �%SU[��M]PV�KMG*SU]pi1� ­ A"A 2a¡�&�vsSUFLW�haD NPWLKMFHGJN_m DENPFdwBO�DEO^]PN_OtcsS#GJGJK^\lFL[9N_F RTVUGJNPVYF
O|SUcdGJQL\JKBWsS#GeS $¬CEGJVY�UKM[:K�G:SU]pi�� ­ A"A"A ¡�&�iHM~VuVY\lWLNPFLS#GeN_VYF�m�VY\oG¨�2V�SU\lRTKMW�RfSUFdNPcLQL]PS;n
GeNPVUFL[oNPFa`YVU]_`ENPFLw�\lK^]_K|SU[lNPFLw SUFdW�\lK�n¨wU\eSU[lcLNPFLw�ILSU[tSU]P[lV h.KMK^F�G}SUO}�H]PKMW $ �oVYwaS�K�GZSU]pi
� ­ A"A-B ¡�&�i�OtKMFLK^\JSU]PN_[eSUhL]_K�]PK|S#\JFLN_FLw�RBKMGJILVEWL[XIsS|`UK�h.KMK^F�SUcdcL]PN_K^W�GeV§VYhd[JK^\�`YK�S#FLW
[lDEFaGeILKM[JNP[lKgIsSUFdW GJ\eS��lKMOMGeVU\JNPKM[ $ £ S#]PKZSUFLW ��VY]_]PN_O}��� ( QRQRQ Sa¡ &@��haD�GJILKXS#QdGeILVU\}¡�v'S#FLW
G}SU[l�E[~SU[~OMVYRBcL]PK �BSU[ �lQLwYwY]_NPFLwtIsS|`YK9h.KMK^F�[lVY]_`UK^W�Qd[JNPFdw:[lKMGe[2VUm%SUO�GeN_VYFTOMVYFaGe\lVY]P]_K^\J[
�=N_GeI IsS#FLW�OMVuWdK^W cL\JKMO^VYFLWdN_GeN_VYFL[=SUFdW GJK^\JRBNPFLS#GeN_VYF�O^VUFLWLN_GJNPVYFd[ $ � QL]_GJVYF SUFLW ª*\�n
FsSU]PWdN�� ­ ARA"A ¡�&�i0M~VEVY\JWLN_FsS#GJNPVYF�N_F N_FL[JKMOMGJ[ $ ��K^SU\J[lVYF�� ­ A"A ­ ¡�&%SUFdW�IHQLRTSUFL[,$ j�QL\�`YK�D
KMGxSU]�i7� ­ A"A ­ ¡ &{ILSU[(h+K^K^F N_FH`UK^[�GeNPwYS#GeKMW�S#]_GeIdVYQLwYI�NzG(IsS#[([JV�m�SU\2RfSUWdK/]PNzGJGe]_K9N_RTcLSUOMG
VYF�S#FLNPRTS#GeN_VYF�\lK^[JK^SU\JO}I{i
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*S#GJQL\eSU]xRBVUGeN_VYF�[lDEFaGeILKM[JNP[�N_[fS�csSU\�GeNPOMQL]�S#\J]_D O}IsSU]_]PK^FdwYNPFLw�SU[lc.KMOMG�V#moWdDEFsSURBNPOM[
hsSU[JKMW�IHQLRTSUFLVYN_W SUFLN_RfS#GJNPVYF{ibjkILKtO^VURTcL]_K��uN_G¨DfVUm FsS#GJQL\eSU]1RBV!`YKMRTKMFHGJ[=NP[kWLQLKtN_F
csSU\lGXGeV�GJILK�NPFaGJ\JNPO^SUOMD�VUm=GJILK�[J�#K^]_KMG}S#]~[lDE[�GeK^R SUFLW�N_GJ[gSU\�GeN_O^QL]PS#GeN_VYFL[^v%GeIdK�RgQL[�n
O^]PK�[lDE[lGJK^R SUFLW NzGe[�S;GJG}S#O}ILRTKMFaGe[^v9SUFLW GJILK§m�SUOMGfGeIsS#G�c.KMVYcL]PK�IsS|`YK�SUF NPFdFsS#GeK
QLFLWLKM\J[lGeSUFLWLN_FLw§VUmkSUFLNPRTSU]�RBVUGJNPVYF $ �%SU�#K�SUFdW1Oo\JK^KMF � ­ A"A ­ ¡ &pi�ª9FaD�[�DE[lGeKMR©m�VY\
wYK^FLKM\eS#GJNPFLwT\JK^SU]PN_[lGeN_OoIHQLRfS#F�RBVUGeN_VYF NP[9SU\JwUQsSUhL]zD SBOMVYFaGe\lNPhLQdGJNPVYF GeVB\JKM[JK^SU\JO}ILN_FLw
ILV!��GeV:wYK^FLKM\eS#GJK9FLS#GeQL\JSU]sRBVUGeN_VYF7vaSUFdWTGeIHQL[@WdDEFsSURBNPO=[lNPRgQL]PS#GeN_VYF�N_GJ[JKM]_m.NP[�[JQLO}IfS
GeK^O}IdFLNP�HQLK#i 3sVY\(GJILKtO|SU[lKZV#mbWdDEFsS#RTN_O|SU]_]_DB[JN_RgQL]�S;GeK^W�IHQLRTSUFLVUNPWL[MvdGeKMO}ILFLNP�HQLKM[9m�VY\
[lDEFaGeILKM[JNP[lNPFLw FsS;GeQL\JSU]�RBVUGJNPVYF IsS|`YK�N_FLO^]_QLWLK^W�RTN_FLNPRBNP[JS#GeN_VYF�VUm �lVYN_FaG/c+V¤�2K^\���GeIdK
cL\JVEWLQLO�G�VUm+RgQL[JOM]PK(m�VY\lO^KkS#FLW �lVYNPFaGrS#FLwYQL]PSU\b`YKM]PVEO^NzG¨DL¡#$ y NzGe�HNPF�S#FLW
�ZS#[J[x� ­ A"@"@ ¡ &pv
RTN_FLNPRBNP[JS#GeN_VYF�VUm7GJVY\J�HQLK $ M~VYILKMF�� ­ ARA (Y¡�&�vHqs]_GJK^\JN_FLwXRBVUGJNPVYFL[�GeVZDENPK^]_W�[JRBVEVUGeITWdDan
FsSURBNPOfOMVYFL[lNP[lGJK^FLO�D $ �2SURTSUFLK�S#FLW 
*SU�;SURXQL\eS��N( QRQRQ ¡�&�vbO|S#cLcLNPFdw�GeILK�RTS;�uNPRXQLR
RgQL[JOM]PKgm�VY\lO^K�N_F �lVYNPFaGohsS#[JK^W�RBV!`YK^RBK^FaGJ[ZQd[JNPFdw £ NP]_]p« [*RgQd[JO^]_K�RTVEWLKM]�� $ ���VYRgQL\JS
KMG9SU]pi1� ­ A"ARA ¡�&�i

� RBVUGeN_VYFsSU]%SUFdW§[lG¨DE]PN_[lGJNPOZO}IsSU\eS#OMGeKM\JN_[lGeN_O^[9IsS|`YKgh+K^KMF�SUFsSU]zDu[lK^W§Qd[JNPFdw�3sVYQL\lNPK^\
GeK^O}IdFLNP�HQLKM[TS#cLcL]PN_K^W GJV �lVYNPFaGgSUFLwY]_K^[*$ ,~\lQLWLK^\l]PN_F�SUFLW y N_]P]PNPSURB[B� ­ A"A $ ¡�v '9FHQLRTS
KMGXSU]pi�� ­ A"A $ ¡�v7ª9RfS|DaS KMGXSU]�i�� ­ ARA 2a¡�&�v%haD�hL]PKMFLWLNPFdw wUK^FLKM\eSU]_NP[JKMW�KMRTV#GeNPVUFsSU]�c+VY[�n
GeQL\lK^[ $ �/K^FL[l]PKMD�SUFLW y N_]P]PN_[�� ­ A"A 5Y¡�&�vxSUFLW [JO^SU]PN_FLw��HNPFdK^RTS#GeN_O�csSU\JSURBKMGeKM\J[�[lQLO}I
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SU[B`UK^]_VuOMN_G¨D�SUFLW RTV!`UK^RBK^FaG�S#RTcL]_N_GJQLWLK $ ,(SUWL]_K^\BSUFLW M~ILNX� ­ A"ARA ¡�&�i £ NPwYI�]PK�`YK^]
K^RBVUGeN_VYFsSU]L[�G}S#GJK=RTVEWLK^]_[rRfS|D�h+K=QL[JKMWfGeVt[lK^]PKMOMG~SUFTSUcLcL\lVYcL\JNPS#GeKkKMRTV#GeNPVUFsSU]L[�G}S#GJK
�=ILK^FTSUF�SUFLN_RfS;GeVY\�WLVuKM[rFLVUGrK �ucL]PN_O^N_GJ]_DZ[JK�G�N_G�$ £ Vf� ­ A"A 2Y¡�v � ] n 
9SU[J\�K�G@SU]pid� ­ A"A"A ¡ &pi

6-7 6 9;:=<?>�@ ACB �KAC@ E��L>"JKALGH<

* �*DEFsSURBNPOM[^« NP[ZGeILK�[lO^NPKMFLO^KfVUm=RfS;GJGeKM\gSUFdW�RTVUGJNPVYF{i�jkILK 
xKM�kGJVYFLN�S#F�RTVEWLK^]@NP[
[JQLNzG}SUhL]_Kkm�VY\2RBVY[�G2WuDuFLSURTN_O^[�hsSU[lK^W�S#FLNPRTS#GeN_VYFL[�QdFL]PKM[J[(S;GeVYRBNPOkVY\�[�GeK^]_]�SU\�VYh �lK^OMGJ[
SU\JKoGeV�h+KtRTVEWLK^]_]PKMW7i�
xKM�kGeVUF7«¬[xRBVuWLKM]7NP[kWdKMqsFLKMW�haD�GeId\JK^Kt]PS!�=[0/
­ ikª�h+VuWdDBK �dc+K^\lNPKMFLO^N_FLw�SXFLK�G(m�VY\lO^K*V#m �^K^\lVg\JKMRfS#NPFL[~S#G(S:O^VYFL[�G}SUFaG(`UK^]_VuOMN_G¨DYi
(uikª h.VEWdD+«¬[�SUOMO^K^]_K^\JS#GeN_VYF NP[ K^�HQsS#]/GeV�GeILK�FLK�G m�VU\JO^K�SUO�GeN_FLw�VYF¦GJILK�h.VEWdD
WLN_`EN_WLK^W haD N_GJ[kRfSU[l[^i

.di�3sVY\kKM`UK^\lD S#OMGeN_VYF�GeILKM\JKtNP[=S#F�KM�EQLSU]%SUFLW VYcLc+VY[JNzGeKo\lK|SUO�GeNPVUF7i
� K^SU]PN_[lGeN_O�NPFaGeKM\eSUO�GeN_VYFL[th.K�G¨�~KMK^F�cdIHDE[lNPO|S#]2VYh �lK^OMGJ[XRTS|D�h.KBwYKMFLK^\JS#GeKMW�SUQdGJVYRTS#Gln
NPO|S#]P]_D�QL[lNPFLw�GeILK WLN �{KM\JKMFHGJN�SU]~K^�HQsS#GJNPVYFL[�GJIsS#GBRTVEWLKM](WdDEFsSURBNPOM[^i * 3sVY\��(S#\JW�WdDan
FsSURBNPO^[M«(� 3��t¡ZN_[:GJILK�[JN_RgQL]�S;GeNPVUF�VUm=cdIHDE[lNPO|S#](cL\JVEO^KM[J[lK^[�SUFLW�\lK^�HQLN_\JK^[�NzGeKM\eS#GJN_`YK
FEQdRTKM\JNPO^SU]kNPFaGJK^wY\JS#GeN_VYF�VUm*GJILK WdDEFsSURBNPO�K^�HQsS;GeNPVUFL[^v��� ��^ Pv~S�m�VY\JOMK�S#O^O^KM]PKM\eS#GJK^[BS
h.VEWdD�cL\lVYc+VY\lGJNPVYFsS#]P]_D�GJV�NzG�RTSU[J[Mv@GJILK SUO^OMK^]PKM\eS#GJNPVYF�N_[�NPFaGeKMwY\eS#GJK^W�GeV�DENPKM]PW�GeIdK
h.VEWdD+«¬[k`UK^]PVEO^NzG¨DYvsS#FLW GJILKo`YKM]PVEO^N_G¨DfNP[(N_FaGeK^wU\eS#GJK^W GeVgDENPKM]PW N_GJ[kc.VY[lN_GJNPVYF7i */P¨FH`UK^\l[JK
WdDEFsSURBNPO^[M«/� P��t¡�N_[BGJILK�VUcLc.VU[JN_GJK O|SU]_O^QL]PS#GeN_VYF��=ILK^\lK^haD�c+VY[JNzGeN_VYF�m�QdFLOMGJNPVYFL[TSU\lK
WLN �.K^\lK^FaGeNPS#GeKMWfGeVXqLFLW�`YKM]PVEO^N_G¨DTSUFdW�SUO^OMK^]_K^\eS;GeNPVUFTm�QLFLO�GeN_VYFL[^vdSUFLWfGJIHQL[(GeILK9O^VY\l\JK n
[Jc+VYFLWLN_FLwTm�VY\lO^KZm�QLFLOMGJNPVYFd[^i�P�� NP[xQL[lK^W§N_F�GeIdKXO^VUFHGJ\JVY] VUmb\JVYh+VUGe[*SUFLW�SUFLNPRTS#GJNPVYF
[lDE[lGJK^RB[xGJIsS#GxRTN ��[lNPRgQd]�S#GJNPVYF�S#FLW�OMVYFaGe\lVY]pi
P¨F VY\JWdK^\(GeV�[lNPRgQL]PS#GeK*IEQdRfSUFdVYNPW�qswYQd\JK^[=WdDEFsS#RTN_O|SU]_]_DTN_GkN_[kFLK^OMK^[J[JSU\lD GJVBO^SU]zn

O^QL]PS#GeK 3�� m�VU\:S#\lGeN_O^QL]PS#GeKMW�qswYQL\lK^[^i 'xFdm�VY\�GeQLFsS;GeK^]zD�GeILN_[tNP[ZSUF K �EGe\JKMRTKM]_D�OMQLR�n
h.KM\J[JVURTK�OMVYRBcLQdG}S;GeNPVUFsSU]rcL\lVYhL]PKMR \JK^�HQLN_\JN_FLw§O|S#\JKMm�Qd]~IsSUFdWL]PN_FLw�N_F�S�FHQLRgh+K^\XVUm
SU\JK^SU[^i

jkILKthsS#[JNPOoWuDuFLSURTN_OoK^�HQsS#GJNPVYFd[xV#m�S�\JN_wYNPWfh.VEWdD $ y NP]_ILK^]_RT[2KMG9SU]pi7� ­ AR@"@ ¡�&{\JK n
�EQdNP\JK(S/\JK^cd\JK^[lK^FaG}S;GeNPVUFBV#m+GJILK(RTSU[J[bWLNP[�Ge\JN_hLQdGJNPVYF:VUm'GeILK(h+VEWdDXO^SU]P]_K^WXGJILK
*¬NPFLKM\lGeNPSU]
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GeK^Fd[JVY\M« $ ,~SU\eS���� ­ ARA $ ¡�&E�=ILN_O}IBN_[�SUF�N_FaGeK^wU\eSU]uV¤`UK^\�GJILK(`YVY]_QLRBK~VUm'GeIdK(h.VEWdD $ �2S#FLw
KMG�SU]�i2� ­ A"A 5Y¡�&�i P¨FLKM\lGJN�SU]�GeKMFL[JVY\l[gRTS!D�h+KfO|S#]PO^Qd]�S#GJK^W m�VY\Zc+VY]_DEILKMWL\eSU]@h+VuWLN_K^[:hHD
\JK^WdQLO^N_FLwTGJILK:WdNPRBK^FL[lNPVYFsS#]PN_G¨DTVUm�GeILN_[9N_FHGJK^wY\JSU]7GeV�GeIdK:[lQL\lm�SUOMKXVUm�GeILKZh+VuWdD $ �1NPKMF
SUFLW �tS��lN_DYS�� ­ A"@-B ¡�&�itjkILK�WLN �.K^\lK^FaGeNPSU]�KM�HQsS#GeN_VYFL[oVUm@RBVUGeN_VYF�RTS|D§h+KgK��ucL\lK^[l[JK^W
NPF�`#SU\lNPVYQL[=�~S!DE[/GJVfm�SUO^N_]PNzG}S#GJK/m�VY\9K �dSURTcd]PKUv.\eSUcdNPW�O^SU]POMQL]�S;GeNPVUF�VY\*SUNPW�FHQLRTKM\JN_O|SU]
[lG}S#hLNP]_N_G¨D ������� 
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U� ������� ¡�i:jkILK�K^�HQsS#GJNPVYFd[o\JK^�HQLN_\JK�O^SU\JK�m�QL]bGe\lK|S#GJRTKMFaG
SUFLW�RgQL[�G(h+K*O^SUQdGeN_VYQL[l]_DBNPFaGeKMwY\eS;GeK^WfQL[JN_FLwgFHQLRBK^\JN_O|SU]'RBKMGJILVuWd[2GeVXcL\JK�`YK^FaG=N_FsSUO�n
O^QL\JSUO^N_K^[=cL\JKMO^N_cLN_GeS#GeN_FLw�NPFa`#SU]PN_W�O^VUFdqswYQL\JS#GeN_VYFL[Z� ��
 �f��� �p��
�� � �s�¨����� 
U� �����{¡�i

jkILK �lVYNPFaG/OMVYFdqswUQL\eS#GJNPVYF�RgQL[lG/h.Kg\lK^cL\lK^[lK^FaGeKMW7vbS#FLW�GeIdK^\JK�S#\JK�SfFHQLRXh.KM\oVUm
WLN �.K^\lK^FaG�[JO}ILKMRTKM[@�=NzGeI�`#SU\JN_VYQL[�cd\JVYc+K^\�GeNPKM[x����� � �s������������
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FsS#GeN_FLwtO^VYRBcL]_K���RBVUGeN_VYFL[�$ y NP]_ILK^]_RT[k� ­ A"@ 5Y¡�&�i��1V!��]_KM`YKM]'O^VYFaGe\lVY]sRTS!Dgh.Kkm�QL\�GeILKM\
WLN_`ENPWdK^W�NPFaGJV/GeNPwUIHGJ]_DZO^VUQLcL]PKMW�O^VYFaGJ\JVY]sS#FLW�]PVEVY[JKM]_DZO^VUQLcL]PKMW�O^VYFaGJ\JVY]d�=IdK^\JKMhaD�O^VYFEn
Ge\JVU]+cd\JVEO^K^[l[JKM[kSU\JKxKM`#SU]_QsS#GJK^Wfh+KMG¨�2K^KMF�KM`UK^\lDTNPFaGJK^wY\JS#GeN_VYF�GeNPRBK�n�[lGJK^cBVUm7GeIdK9[lNPRgQun
]�S#GJVY\^i �1V!� ]PKM`UK^]7OMVYFaGe\lVY]P]_K^\J[~K��dSURBNPFLK*GJILKo[JN_RgQL]PS#GeVY\2[lGeS#GeKtSUFdW WdKMGeKM\JRBNPFLK9m�VY\JOMK
VY\/GeVY\l�HQLK�\JK^[lc.VUFL[JKM[tm�VU\tSUOMGJQsS#GeVU\J[^i�CuQLO}I�O^VYFaGe\lVY]P]_K^\l[oSU\JKgGJILK^\lKMm�VY\lK�NPFaGeQLNzGeNz`YK^]zD
cLIaDu[lNPO^SU]/hLQdG�RfS|D�FLVUG�FdK^O^KM[J[JSU\JN_]_D cL\JKMO^NPcdN_G}S;GeK�GJILK§WLKM[JN_\JK^W RBVUGJNPVYF7i jkNPwYIaGJ]_D
O^VYQLcd]PK^W�OMVYFaGe\lVY]LRBKMGeIdVuWL[�NPRBc.VU[JK~�HN_FLK^RTS#GeN_O~VY\�WdDEFsSURBNPO2O^VYFL[�Ge\JSUNPFaGe[rVUF�h.VEWLNPKM[^v
SUFLW \lK^[lVY]_`UKTGeIdKTFLKMO^KM[J[eS#\lD�m�VY\JOMK^[gS#QdGeVYRTS#GJNPO|S#]P]_DUi�jkNPwYIaGJ]_D�OMVYQLcL]_K^W OMVYFaGe\lVY]P]_K^\J[
SU\JKtWLKMc.KMFLWLK^FaG9QLc+VYF�OMVYRBcLQdG}S;GeNPVUFsSU]P]zDBK��uc.KMFL[JNz`YKtm�VY\JOMKt\JK^[lVY]PQuGeNPVUF�RTK�GeILVEWL[^i

�1V!�	]PK�`YKM]9�HNPFdK^RTS#GeN_O OMVYFL[�Ge\eS#NPFaGe[TIsS|`YK�h+K^KMF�NPRBc+VY[JKMW�haD S#GJGeSUO}ILNPFdw�]PSU\JwYK
`YVY]_QLRTKM]PKM[J[XRTSU[l[JK^[ZGeV�h.VEWLNPKM[ZGJIHQL[XwYKMFLK^\JS#GeN_FLw�m�VU\JO^KM[:GJV�cLQL[lI�VY\ZcLQL]P]�VYh �lK^OMGJ[
$ y N_]PILKM]PRB[oSUFLW 3sVY\J[lKMD�� ­ A"@"@ ¡�&rVY\ohaD�hL]_K^FLWdNPFLw-3�� SUFLW P�� [JNPRXQL]_GeSUFLK^VUQL[J]zD�N_F
SUF�KM]PKMwaSUFaGZRfS#GJ\JN �§[lVY]PQdGJNPVYF $ P¨[eSUSUO^[:SUFLW M~VYILKMF � ­ A"@ 5Y¡ &pi £ QLRfS#F�qLwYQL\JKM[:ILS!`UK
h.KMK^FfOMVYFaGe\lVY]P]_K^W�haD�WLNP\lK^O�Ge]_D:[Jc+K^OMN_m DENPFdw �lVUNPFaGrGeVY\l�HQLKkm�QLFLOMGJNPVYFd[@VU\r[Jc+K^O^Nzm DENPFLwoGeIdK
\JK^[�G=]PKMFLwUGeId[(VUm [JcL\lNPFLw;n¨WsSURBc+K^\~[�DE[lGeKMRT[,$ y NP]_ILK^]_RT[*� ­ ARA ­ ¡�&�iKP¨F�m�SUO�G(GeIdKo[JcL\lNPFLw#n
WsSURBc.KM\�[lDE[lGJK^R ILSU[�h.KMK^F hL]_K^FLWLKMW �=N_GeI P�� GJV�O|SU]_O^QL]PS#GeK�[JcL\lNPFLw�cLSU\eSURBKMGJK^\l[
GeIsS#G2SU\lK(GeILKMFT]_NPFLK^SU\J]zDXN_FaGeK^\lc.VU]�S#GJK^WgGeId\JVYQLwUILVYQdG�RBVUGeN_VYF $ ��O �oKMFLFsSXS#FLW �{KM]_G��^K^\
� ­ A"A 2a¡�&�i �1VuO^SU]PN_[JK^WfRTK�GeILVEWL[kIsS|`YKth+K^KMF�QL[lK^W GeV�\lK^[JVU]_`YK �lVYN_FaG~GeVU\J�HQLK^[=N_FLWLK^c+K^FEn
WLK^FaGe]zD�SUO^OMVY\JWLN_FLw GeV�[lV#n¨O^SU]P]_K^W�]PVEO|S#]rRTVUGJVY\tcL\JVUwY\eSURB[)$ �{KM]_G��^K^\T� ­ A"@ (Y¡ &@SUFLW�hHD
WLNP[�Ge\JN_hLQdGJK^W�O^VUFHGJ\JVY]�$ `#SUF �*`YKM\l`UK^]PW�� ­ A"A .a¡ &pi�* ��K^\lO^KMcdGeN_VYFun�S#OMGeN_VYF�[lDE[�GeK^RB[^«1ILS!`UK
h.KMK^F WLK^[lNPwYFLKMW�GeV�Ge\lNPwYwYKM\~[l]PNPcdcLNPFLwgSUFLW�Ge\lNPcLcLN_FLwg\lK'&sK �dKM[xm�VU\([JN_RTcL]_KoSU\�GeNPOMQL]�S;GeK^W
qswYQL\lK^[ $ ,~VEVYFLKtS#FLW £ VuWdwYNPFL[Z� ­ A"A 5U¡�&�i

£ NPwYI�]PK�`YKM]sO^VYFaGe\lVY]Lm�VY\�IHQLRTSUFBqLwYQL\JKM[�IsSU[@h.KMK^F�G}SUO}�H]PKMWfQL[lNPFLwZStILNPKM\eSU\lO}IaD�VUm
]PV!��]_KM`YKM]1O^VYFaGJ\JVY]_]PK^\l[k[JQLO}I�SU[=]PN_Rgh�VY\lNPK^FaGeS#GeN_VYF�wYVaSU]_[2$ �%SU�#KZSUFLW Ot\lK^K^F � ­ A"A ­ ¡ &pv
SUFLW�haD�S§ILN_K^\eS#\JO}ILN_O|SU]2h.KMIsS|`uN_VYQL\gRBVEWLK^]2hsSU[JKMW�VYF�O^VYFLO^S#GeKMFsS#GJNPVYFL[XVUmxRTVUGJNPVYF
`YK^\lhL[2$ Ot\lK^K^F�� ­ A"A ­ ¡�&�i £ N_wYIL]_Dg[Jc+K^O^NzqsO/OMVYFaGe\JVU]P]PKM\J[2IsS|`YK/h+K^KMF�IsSUFLW�OMVuWdK^W7vL[lQLO}I
SU[*�=ILN_cLcLNPFdw�RTV#GeNPVUFL[9m�VY\���]PN_FL��O}IsSUN_FL[ $ ,~IsS#GoSUFLW �oK|SU\lFLKMD�� ­ ARA 2a¡�&�v{\lQLFLFLN_FLwLv
OMDEO^]_NPFLw�SUFLW�`#SUQL]zGeNPFdw�O^VYFaGe\lVY]P]_K^\l[ $ £ VuWLwUNPFL[�K�GfS#]pik� ­ A"A $ ¡�&=SUFdW OMVYFaGe\JVU]P]PKM\J[gm�VY\
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RTVY\lcLILN_FLw OMVYFaGe\lVY]P]_K^\J[�VUFHGJV�WLN �{KM\JKMFHG�RBVuWLKM]P[ $ £ VEWLwYNPFd[�S#FLW � VY]P]PSU\JW�� ­ A"A 5Y¡ &pi
��VUGeN_VYF�O^SUcdGeQd\JK/IsS#[kSU]P[lVgh+K^K^F�Qd[JK^W�GJVg\JK�`YK^\l[JKtK^FdwYNPFLKMK^\~m�VU\JO^K*O^VYFaGe\lVY]+csS#GJGJK^\lFL[
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3'VU\tSUF�SU\lGJNPOMQL]�S#GJK^W§qswUQL\JK�GeIdK�\JK^]PS#GeN_VYFL[lILNPc§h+KMG¨�2K^KMF�GJILK �lVYNPFaGtSUFdwY]PKM[oSUFLW�]PN_FL�
c.VY[lN_GJNPVYFL[�N_[@N_FTwUK^FLKM\eSU]+FLVYFun�]PN_FLK|SU\Mi�P�G2NP[�VUm GJK^FTFLK^OMK^[J[JSU\lDBGeV:cL]�S#O^Kx]PNPFd�E[9��[JQLO}I�S#[
GeILK/ILSUFLW'¡�NPFf[lc.KMO^NzqsO M(SU\�GeK^[lN�SUFf]PVEO|S#GJNPVYFL[MvESUFLWfGJILNP[2\JK^�HQLN_\JKM[~GeILK9O|SU]_O^QL]PS#GeN_VYFBVUm
[JQLNzG}SUhL]_K �lVYNPFaGxSUFdwY]PKM[^i
3sVY\��(SU\lW§�HNPFLKMRfS;GeNPOM[g� 3��Z¡=N_[9GJILKgcL\lVuOMK^[J[*VUm�O|SU]_O^QL]PS#GeN_FLw�GeILK:]PNPFd��c.VY[lN_GJNPVYFL[

wYN_`UK^F GJILK �lVYN_FaGgSUFdwY]PKM[^i=3���NP[:S�[�Ge\JSUNPwYIaGlm�VY\l�~SU\JW�cL\JVEO^KM[J[gV#mkcL\JVUcsSUwaS#GJNPFLw GeIdK
O^VEVY\JWLN_FsS#GJK~m�\eSURBK^[�S#GrK|S#O}I �lVUNPFaG�SUOMO^VY\lWLNPFLw/GJV/GeILK(SUcLcL\lVYcL\JNPS#GeK2Ge\eS#FL[J]PS#GeN_VYFL[�S#FLW
\JVUGeS#GeN_VYFL[kcsSU\JSURBKMGeKM\JN_[JK^W N_F GJK^\lRT[kVUm GeIdKZ]_NPFL�T]PKMFLwUGeId[=SUFLW �lVYNPFaGxSUFLwU]PK^[Mi
P¨Fa`YKM\lGJNPFLwZGeILN_[@O^SU]POMQL]�S;GeNPVUF�NP[�O|SU]_]PKMWBN_Fa`YK^\l[JK9�EN_FLK^RTS#GJNPO^[9� P �:¡ i P � N_[2S#F�S|�=�Yn

�(SU\lW�cL\lVYhL]PKMR�i ª*FLSU]_DHGeN_O|SU]o[lVY]PQuGeNPVUFL[ SU\JK�G¨DEcLNPO^SU]P]zD�NPFum�K|SU[lNPhL]_KUv/S#FLW GJILK^\lK NP[
S�\lK^WLQdFLWsSUFLO�D�NP[l[JQLK�[lNPFLOMK�RgQL]zGeNPcd]PK �lVYNPFaGgOMVYFdqswUQL\eS#GJNPVYFd[gRfS|D�DuN_K^]_W GeILK�[JSURBK
M(SU\lGJK^[JNPSUF ]PVEO|S#GJNPVYFfm�VU\=S�wUN_`YKMF�]_NPFL�'i

ª9FsSU]_DHGJNPO|S#]d[JVU]PQdGJNPVYFL[�S#\JK=WLK^[lNP\JSUhL]PKk[lNPFLOMKxGJILKMDgO|SUF�qsFLWfSU]P]u[JVY]_QdGeN_VYFL[�SUFLWTSU\lK
�EQdNPO}�*GJVxO^SU]POMQL]�S;GeKUi CENPFLOMKr[JQLO}IZm�VY\JRgQd]�S#GJNPVYFL[.SU\lKrwYK^FLKM\eSU]_]_D9NPRBc.VU[J[JN_hL]PK�FHQLRTKM\JN_O|SU]
GeK^O}IdFLNP�HQLKM[�IsS|`UK�h.KMK^F SUWLVYcdGJK^W7i CuK�`YK^\JSU]oRTS#Ge\lNz� hsSU[lK^W RTK�GeILVEWL[�IsS|`UK�h.KMK^F
WLKM`UK^]PVUc.KMW§SU[k�2K^]P]7SU[=FLVYFun�]PNPFdK|SU\(cd\JVYwY\JSURBRTN_FLwXRBKMGJILVuWd[^i

��S;Ge\JN �ZRTK�GeILVEWL[�SU\JK2wYK^FdK^\eS#]P]_DtWdK^\JNz`YKMWXm�\JVYR�GJILK(N_FHGJQLN_GJN_`UK^]_D/[lGe\JSUNPwUIHGlm�VY\l�~SU\lW
+YSUO^VYhdN�SUF RBKMGeIdVuW $ y S#GlG SUFLW y S#GlG � ­ A"A $ ¡�&�i-jkILK�csSU\lGJN�SU]9WLK^\lN_`#S#GJN_`YK�V#mXGeIdK
M(SU\lGJK^[JNPSUF�]PN_FL��c.VU[JN_GJNPVYFfNPFfGJK^\JRB[(VUm K^SUO}I �lVYNPFaGkS#FLwY]PK9NP[(O^SU]POMQL]�S;GeK^W�SUFsSU]zDEGJNPO^SU]P]zD
SUFLWgS#[J[JKMRghL]_K^WXN_FaGeV9SxRTS#Ge\lNz�/O|SU]_]PK^WtGeIdK +YSUOMVYhLNPSUF7i�,2DtNPFa`UK^\lGJNPFLw=GeIdNP[ RfS#GJ\JN �/GeIdK
NPFdqsFdN_GeKM[JN_RfSU] �lVUNPFaG�SUFdwY]PKTSUW �lQL[�GeRBK^FaGe[:DuN_K^]_WLNPFLw�SUF�N_FdqsFLNzGeK^[lNPRTSU]r[lGJK^c�GJV¤�~SU\lWL[
GeILKXGeSU\JwUKMGo]_NPFL��c+VY[JNzGeN_VYF�O^SUF§GeILKMF�h.K:O|SU]_O^QL]PS#GeKMW7i/jkILK +YSUOMVYhLNPSUF§NP[9WLK^c+K^FdWLK^FaG
VYF GJILK �lVUNPFaGTSUFLwY]_K^[BSUFLW�GeILK �=ILVY]_K cd\JVEO^K^[l[fRgQd[lGTh.K N_GJK^\eS;GeK^W�QLFaGeN_](GeILK ]PN_FL�
ILVYc+KMm�QL]_]_D�OMVYFa`YKM\JwYKM[*VYF�GeIdKtGeSU\JwUKMG=c+VY[JNzGeNPVUF7i



�����������
	��
����
������������������������
������� �!�"�����#� ( 5

jkILK(+YSUOMVYhLN�S#F RTS#Ge\lNz��RTS|D�h+Kf[JN_FLwYQL]PSU\B��Qd[JQsSU]_]_D�h+K^O^SUQL[lKTGeIdKT\lK^WLQLFdWsSUFLO�D
cL\JKMO^NPcdN_G}S;GeK^[�S§FdVYFun¨[l�HQsSU\JK�RTS#GJ\JNz�L¡ v�FLK^OMK^[l[JN_GeS#GeN_FLw�GeILK�Qd[JK�VUm9cL[JKMQLWLV#n�NPFa`YKM\J[lK^[
$ ��S#O^NPK �lKM�=[l�EN9SUFLW �o]PKMNPF � ­ AR@ $ ¡�v��tVUwaS�KMGTSU]pik� ­ A"A-B ¡�v ,(S#K^\J]_VuO}IdK^\�SUFLW ,~VYQL]_NPO
� ­ A"AR@ ¡�v7ªxDEWLNPF�SUFLW 
*S#�#S �lNPRTS�� ­ ARA"A ¡�&�i �r[JKMQLWLV#n�NPFa`YKM\J[lKfRBKMGeIdVuWL[/G¨DEcLN_O|SU]_]_D�NPFun
O^VY\lc.VY\JS#GeK/SUF�VYcdGJNPRBNP[eS;GeNPVUF�m�QdFLOMGJNPVYF�[lQLO}I SU[kSg]PK^SU[lG~RTK^SUF�[l�EQLSU\JKM[9S#cLcL\JV|�uNPRTS;n
GeNPVUF�GJV�V!`YKM\JOMVYRTK�GeIdKT\lK^WLQLFdWsSUFLO�D�GJIsS#GZcL\lKM`YKMFaGe[XGJILKTO^SU]POMQL]�S;GeNPVUF�VUmkSUF�K��dSUO�G
NPFa`YKM\J[JK#i2jkIdNP[(N_[kSUWd`#SUFaG}S#wYK^VYQd[kh.KMO|SUQL[lKoN_G(SU]P]_V¤�=[2GeILK/N_FLO^]_QL[JN_VYF�VUm VYcuGeNPRBNP[JS#GeN_VYF
m�QLFLOMGJNPVYFd[x[lQLO}I§S#[xRBNPFdNPRgQLR �lVYN_FaG=WLKM`EN�S;GeNPVUFL[:���¨�^ 2NPFaGeV�GJILK P ��O^VURTcLQuG}S#GJNPVYF7i

j KM`#S#GJN�S�SUFLW�CuO}IsSYS#]@� ( QRQ Q ¡~WLNP[lO^QL[l[JKMW�cL[lK^QLWLV;n¨NPFa`UK^\J[lKXRBKMGJILVuWd[=SUFLW GeILKt[JV;n
O|SU]_]PK^W�K��EGeKMFLWLK^W +YSUOMVYhLN�S#F§RTK�GeILVEW7i ,2D�O^VURghLNPFdNPFLwBm�K|S#GJQL\JKM[oVUmrGeILKM[JK�RBKMGJILVuWd[
GeILK�D:WdKM`YKM]PVYc+K^W:GeILK * N_RTcL\lV!`YK^WZK��EGJK^FLWLKMW +YSUO^VUhLN�SUF:RTK�GeILVEW7«|�=ILN_O}IgNP[%RBVY\JK�OMVYR�n
cLQdG}S;GeNPVUFsSU]P]zD�KM¥BOMNPK^FaG/GJIsSUF�GJILKgK �uGJK^FLWdK^W +YSUO^VUhLN�SUF�RTK�GeILVEW7ixjkILNP[�P � RBKMGJILVEW
�(SU[=QL[lK^W NPF�GJILNP[(\lK^[lK|SU\lO}I7i2jkIdKoK��EGeKMFLWLK^W +YSUO^VUhLN�SUF�RBKMGJILVEW�NP[(hsS#[JK^W VYF�qd�uN_FLw
GeILKBwY\eS#WLNPKMFHG:VUm2GeILKBVYcdGJNPRBNP[eS;GeNPVUF�m�QLFLO�GeNPVUF�N_F�GJILKTFHQL]_]�[JcsSUOMKfVUm2GeILK(+YSUOMVYhLN�S#F
SUFLW�GJ\eSUO}�HNPFdw�GeIdNP[�VYcdGJNPRTSU]k[JVY]_QdGeN_VYF7i jkILK§FHQL]P]=[lcsSUO^K�NP[�GeILK `YKMOMGJVY\f[lcsSUO^K�VUm
O^VYFdqLwYQL\eS;GeNPVUFL[k�=N_GeI�GJILKt[eSURBKo[JVY]_QdGeN_VYF���]_NPFL�Tc.VU[JN_GJNPVYFs¡�i
3bN_FsSU]_]_DYv �{IsSUV�SUFLW ,(S#WL]PKM\�� ­ A"ARB ¡�cL\lK^[JKMFaGeK^W�S FdVYFun¨]_NPFLK^SU\ cL\JVUwY\eSURBRBNPFLw

RTK�GeILVEW:m�VY\%[lVY]_`ENPFdw P ��i¤jkILK@GeK^O}IdFLNP�HQLK@�(SU[�csSU\�GeN�S#]P]_D9hsSU[lK^W:VYF:GJILK , 3�OZCZ�HQsS#[JNzn

9KM�kGJVYF§VYcuGeNPRBNP[JS#GeN_VYF�RBKMGJILVuW{i=CuQLO}I�S#cLcL\JVYSUO}ILK^[xGe\lK|S#G�P �-SU[9SUF�VYcuGeNPRBNP[JS#GeN_VYF
cL\JVYhd]PK^R�V¤`UK^\kGeIdKZ[lcsSUOMK:VUm �lVYN_FHGxS#FLwY]PK*O^VYFdqLwYQL\eS;GeNPVUFL[^i

CuN_FLO^K=m�VY\lRfSU]sWdKMqsFLNzGeN_VYFL[@VUm1RBVUGeN_VYFL[@SU\JKxcL\lK^[JKMFaGeK^W N_F M~IsSUcuGeK^\ .:NzG2N_[2Qd[JKMm�Qd]
GeVfRTSU�#KXS�m�VY\JRTSU]{m�VU\l�~SU\JW��;NPFa`YKM\J[JK:�HNPFLKMRfS#GJNPOtO^VUFL[lGJ\eSUN_FHG^i P¨F�[lG}S;GeNPFdwBGJILNP[Mv.S#FLW
m�QL\lGJILK^\(WdKMqsFLNzGeN_VYFL[^vuSXIHQLRTSUFLVYN_WTqswUQL\JK*�=NzGeI������	��

����WdK^wY\lK^K^[kV#m1m�\JK^KMWLVYR
NP[BSU[J[lQLRBK^W7i P�GfN_[�m�Qd\lGeIdK^\BSU[J[lQLRBK^W GJIsS#GTSU]_](�HNPFLKMRfS#GJNPO�\lK^]�S;GeNPVUFL[JILN_cL[g�=NP]_](h+K
h.K�G¨�~KMK^F�GeILK �lVUNPFaG�S#FLwY]PKM[�SUFdWgGeILK(cd]�SUOMK^RBK^FaG�VUmsGJILK(\lNPwYIaG�IsSUFLW�QLFd]PK^[l[�K��ucL]_NPOMN_Ge]zD
[Jc+K^O^NzqsK^W{i
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P���NP[9GJILKgcL\lVuOMK^[l[oVUm�O|SU]_O^QL]PS#GeN_FLw�GeILKXm�VU\JO^KM[*GeILS#G/hL\lNPFLwfSUh+VYQdGoS�wUN_`YKMF§RBVUGeN_VYF7i
P�GXN_[oQL[JKMW GeV wYK^FdK^\eS;GeKB[JRBVuVUGJI�O^VYFaGe\lVY]rm�VY\tSU\�GeNPOMQL]�S;GeK^W�qswUQL\JKM[^v�S#FLW�GJV�[JS#GeN_[lm D
�EN_FLK^RTS#GJNPO�SUFdW�SU\�GeN_O^QL]PS#GeN_VYF�O^VUFL[lGJ\eSUN_FHGJ[^i�jkILK K^�HQsS;GeNPVUFL[BSU\JK [JQdRTRTSU\JN_[JKMW�hHD

9KM�kGJVYF7« [�[JKMO^VYFLW�]PS!� �YQ[Z�\sv�SU[XSU\JKTGeILVY[lK�VUm 3��gv hLQdG � N_[:GeIdKfQLFL�HFLV!�=F
\eS#GJILK^\oGeILSUF]\'i�jkILK�KM�EQLS#GeN_VYFL[th.KMO^VYRBK�RBVY\JK�N_FHGJ\JN_O|S#GJKXm�VY\tSU\�GeNPOMQL]�S;GeK^W§qLwYQL\JKM[
�=ILK^F m�VY\JOMKUvLRTSU[l[kSUFLW SUOMO^KM]PK^\JS#GeN_VYF�SU\lKowYK^FdK^\eS#]PNP[lK^W�GJVgNPFLOM]PQLWdK*GeILKMNP\(\lVUG}S;GeNPVUFsSU]
K^�HQLN_`#SU]_K^FaGe[kGJVY\J�HQLK#v+RBVYRBK^FaGkVUm�NPFdK^\lGJN�S�SUFdW�SUFdwYQL]�S#\kSUO^OMK^]_K^\eS;GeNPVUF \lK^[lc.KMOMGeNz`YKM]_DYi

jkILKxRBVY[lG�hsS#[JNPOkm�VY\lRgQL]PS#GeN_VYFg\JKM�HQLNP\lK^[ ��� ��^ ¡bGeN_RTK(m�VU\�SUF � ]_NPFL�XSU\lGJNPO^Qd]�S#GJNPVYF
hLQdG�O|SUF�h+K�K��ucL\JKM[J[lK^W NPF¦[JQdO}I S��~S|D¦GJIsS#G `YKM]PVEO^N_G¨D `#SU]_QLK^[ SU\lK�cd\JVYcsS#waS#GeKMW
GeIL\lVYQLwYI GeILK�]PN_FL�;SUwYKM[�VUm�S#F S#\lGeN_O^QL]PS#GeN_VYF�m�\lVYR \JVEVUG�GJV�GJNPcL[Mv/SUFLW GeIdK�m�VY\lO^KM[
GeILKMF�O^SU]POMQL]�S#GJK^W�N_F�S�\JKM`UK^\l[JKBcL\JVYcLSUwaS#GJNPVYF�m�\lVYR GJNPcL[9GeV�\JVEVUGtS#O^O^VU\JWLN_FLw�GeV�GeIdK
[JV#n�O|SU]_]PK^W 
xKM�kGeVUFun � QL]_K^\�\JKMO^QL\l[JN_`UK�RBKMGJILVuW $ OtN_\eSU\lW¦� ­�_7_d­ ¡�&�i�jkILNP[�RBKMGJILVuW�NP[
��� �7¡�vrS#[gNP[ZGeILK�\lK^OMQL\J[lN_`YK �%SUwU\eSUFLwUN�SUF�RTK�GeILVEW�n¨SUF�SU]zGeK^\lFsS#GJN_`YK GeIsS;G�RfS|D�h+K
NPRBcL]PKMRTKMFHGJK^WTQL[JN_FLw M(SU\�GeK^[lN�SUFTGeK^Fd[JVY\l[~GeVgN_RTcd\JV!`YKxGeILK9[Jc+K^K^W�haDfSX]PN_FLK|S#\@m�SUO�GeVY\
$ 1@SU[lNP]_VYFLNP�#VY]PN_WsSU�HNP[fSUFLW M~]�S#cH�2VY\�GeIaD�� ­�_7_d­ ¡�v � VY[lK�KMG�SU]pio� ­�_5_ 2a¡�&�i-ª ]PNPRBN_GJK^W
[JVY]_QdGeN_VYF§GeV P��-IsSU[ZSU]_[JV�h+K^KMF�m�VU\JRgQL]PS#GeKMW§QL[lNPFLw S�O^VU[lGZRTN_FLNPRBNP[JS#GeN_VYF [lGJ\eS#GJK^wUD
$ ,~\lK^KMF�� ­`_5_ 5Y¡ &pi

jkILK:m�VY\l�~SU\JW§SUFLW§N_FH`UK^\l[JKgWdDEFsS#RTN_O^[*OMVYFL[�Ge\eS#NPFaGe[9RfS|D h.KZm�VY\JRTSU]_NP[JKMW [JNPRXQL]zn
G}SUFLKMVYQL[l]_D SU[km�VY]_]PV!�=[ /
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y ILK^F GeILK �lVYN_FHGkSUFLwY]_K^[xSUFLW�`YKM]PVEO^NzGeNPKM[=SU\JKH:�SUFdW
�:EvsN_m%GeILK �lVYN_FaG
GeVY\l�EQdK^[9SU\JK�� GeILKt\lK^[JQd]_G}S#FHGxS#O^O^KM]PKM\eS#GJNPVYFL[=S#\JK���VY\kK^�HQLNz`#SU]PKMFHGJ]_DUv
GeILKZSUOMO^K^]_K^\JS#GeN_VYFL[
��FLKMO^K^[l[JNzG}S#GJKZGJVY\J�HQLKM[��{i
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� VYh+VUGJ[/IsS|`YK�K �dN_[lGJK^W§m�VY\9RfSUFaD�WLK^O^SUWLKM[tSUFLW�RgQLO}I�\lK^[lK|SU\lO}I�ILSU[oSU]_\JK|S#WdD h.KMK^F
O^VYRBcL]PK�GeKMW7irjkILKtNPRTSUwYK/V#m GJILKt\JVYh+VUGk[lcL\eS|D�cLSUNPFaGeN_FLw�O|S#\J[kNP[=Sg�2K^]_]7K^[�G}SUhL]_NP[lILK^W7i
P¨F�[JO^N_K^FLOMK~qsO�GeNPVUF:GeIdK~IHQLRTSUFLVYN_WX\JVUh.VUG�NP[bSU]P[lV/S=�~KM]P]EK^[lGeSUhL]_NP[JIdK^WgOMVYFLO^KMcdGrWsS;GeNPFdw
hsSUO}��NPF�qs]PR�SU[:K^SU\J]zD�SU["3'\lN_G���� S#FLwL« [ ��K�Ge\lVYc.VU]PNP[T� ­�_ (R5Y¡ iTjkIdKf\JK^SU]PNzG¨D�VUm~IEQEn
RfSUFdVYNPW§\lVYh+VUGe[/O^SUcsSUhd]PKgVUm�m�QL]_]bS#\lGeN_O^QL]PS#GeN_VYF§S#FLW�IHQLRfS#Fun¨]_NP�UK:[JKMFL[JN_FLw ILV!�~K�`YK^\Mv
IsSU[=FLVUGxh+K^K^F�SUO}ILN_KM`UK^W�QdFHGJNP]{`UK^\�D \JK^OMK^FaGe]zDYi

CuK�`YKM\eSU]rIHQLRTSUFLVYN_W�\JVYh+VUGJ[/IsS|`YK�h+K^K^F�RTSUFHQdm�SUOMGJQL\JKMW�NPF§GJILK�]�SU[�G/m�KM� DYK^SU\J[Mi
3'VU\TK �LS#RTcL]_KUv~GJILK �tS|�~S#GeV��*DEFsS#RTN_O�,2\eSUN_F �r\JV �lKMOMGfWLKM`UK^]PVUc.KMW�GeILK! Q#" � . Q
��� 3§\lVYh+VUGr�+,*v#QL[JKMWTN_FXGeIdNP[�\lK^[JK^SU\JO}ITSUFLW�WLKM[JOM\JNPh+K^W�N_F�CuK^O�GeN_VYF (ui).ui ­ i £ VYFdWsSd« [
]�S#GJK^[lGZIHQLRTSUFLVYN_W�\JVYh+VUGtªoC P � � �~KMNPwYId[�$R. " ��SUFLW�NP[tO|SUcLSUhL]PK�V#m~�~SU]P�HNPFdw�S#FLW
O^]PN_RghLN_FLw�[lGeSUNP\l[^i�jkILK �ZS|�~SUWsS=P¨FLWLQL[�Ge\JNPSU]0M~VY\lc.VY\JS#GeN_VYF�SUFLW�j VY�aDYV 'xFLN_`UK^\l[JN_G¨D
WLKM`UK^]PVUc.KMW £9� �bn�( ��vdS $  " �T\lVYh.V#G~�=N_GJI-. Q ���+3b[(O^SUcsSUhd]PK*V#m �~SU]_�EN_FLwgVYQuGe[JN_WLKUv
SUFLW�GeILKBCuVUFHD��/\JK|S#R � VYh.V#G|v Cd� � n�.&% �~KMNPwYILN_FLw �lQL[�G $ " �§O|SUF��~SU]P�'v1hsSU]PSUFLOMK
VYF�VYFLKT]PK^wdvbWsSUFdO^KUvrc+K^\lO^KMN_`YK�OMVY]PVUQL\JKMW�VYh �lKMOMGe[gSUFLW�\lK^[Jc+VYFLW�GJV�S�[lRfSU]_]@SUQLWLN_V
`YVEO|SUhLQd]�SU\�DYi

� VYh+VUGeN_O:IHQLRTSUFLVYN_WL[/S#\JKg[�GeNP]_]%K��EGe\lK^RBK^]_D�K��uc+K^FL[lN_`UKBhdQdG/NzG/NP[9FLVUGoQdFL\JK^SU[JVYFEn
SUhL]PK(GJVtK��uc.KMOMG�GeILS#Gr�=N_GJILNPFgGJILKkFLK��EG ­ Q GeV ( Q DUK|SU\l[rGeILK�D�RfS|DXcL]�S|D�So[lNPwYFLNzqsO|S#FHG
' 78)��,� �!��� � &!��@ ���')���� 
 � 9#*��>���.�����/������0 
 ��&�)�� 
 � &�� :��%���,9�,%*�;
& &�)��>��( ;�� &!��@ ��� ���!�8������&�� :�;�� ���!�,9

�,��.%@ � . ��0 ����0<� & &8�%�>:�@%����� 0
���!��0 ;������/:����!�!���!9 &�@ 0
;������ :���&�� &�)�� 
 )����!�%5
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\JVY]_K:N_F�VYQL\xWsSUN_]_D�]_N_`UK^[^ixª*F�NPRBc.VY\�G}SUFaGxSU[lc.KMOMGoV#mrIHQLRfS#FLVYNPW \JVUh.VUGJ[*N_[xGJIsS#G9IEQEn
RfSUFd[ZGJILK^RB[JKM]_`YKM[Xh+KfS#hL]PK�GeV�NPFaGeKM\eSUO�Gt�=N_GeI�GeILKMR FsS#GJQL\eSU]_]_DUifjkILKT\JVYh+VUGZRgQL[�G
GeILKM\JKMm�VU\JKXRBV!`YK:SUFLW�\JK^[lc.VUFLW§NPF GeIdKX[eS#RTKt�(S|D�SU[9STIHQLRTSUF h.KMNPFLwLv'c+K^\�m�VY\JRBNPFLw
SUFLW¦\JK^[lc.VUFLWLNPFdw�GJV�GeILK�[JSURTK�[lVuOMN�SU]*O^QLKM[^i jkILNP[�cd\JVYhL]_K^R NP[�hL\lVaSUW7v9K^FLOMVYR�n
csSU[J[lNPFLw�m�VY\kK �dSURTcd]PKUvEGeILKtcL[�DEO}ILVY]PVUwUD�VUm O^VURTRgQdFLNPO^S#GeN_VYF7vuSU\lGJN_qsOMN�SU]+NPFaGeKM]P]_NPwYKMFLO^K
SUFLW�RBVUGJNPVYF cL\lVuWLQdOMGeN_VYF7i(ª9QdGeVURfS#GJNPOoRBVUGeN_VYF cL\JVEWLQLO�GeN_VYF�ILSU[*S#]P\JK^SUWdD \lK^O^KMN_`UK^W
O^VYFL[lNPWLKM\eSUhd]PK�\JKM[JK^SU\JO}I�S#GJGJK^FaGeN_VYF�QLFLWdK^\oGeILK�RBVY\lKgc.VUcLQL]�S#\*ILK^SUWLNPFdw /*OMVYRTcdQdGeKM\
SUFLNPRTS#GJNPVYF7i

jkILKM\JKxK��uNP[�Ge[2SUFfV!`UK^\J]PSUcBh.K�G¨�~KMK^F�GeIdK=qLK^]PWd[2VUm{\JVYh+VUGJNPO^[�S#FLW�SUFdNPRTS#GeN_VYF7vYS#FLW
NPF csSU\�GeN_O^QL]PSU\^vk\lVYh.V#G�IHQLRfS#FLVYNPWd[�SUFLW WdDEFsSURBNPO^SU]P]zD�[JN_RgQL]�S;GeK^W `uN_\lGJQsSU]/S#OMGeVU\J[^i
'9FLWLKM\�WdDEFsSURBNPO2[JN_RgQL]�S;GeNPVUFtGJILK~GeSU[J�tVUm'RBVUGeN_VYFZcL\JVEWLQLO�GeNPVUFgNPFa`YVU]_`YKM[�O|S#]PO^Qd]�S#GJNPFLw
GeILKom�VY\lO^K^[=S#FLW�GeVY\l�EQdK^[=FLK^KMWLK^W GeV�hL\lNPFLw�S#h.VYQuGxS�\lK^�HQLN_\JK^W RBVUGeN_VYF7i�CuNPRgQd]�S#GJNPVYF
wYQsSU\JSUFaGeK^KM[�cLIaDE[JN_O|SU]xO^VYFd[JNP[�GeKMFLOMDUi � VYh.V#Ge[BVYF�GeIdK�VUGJILK^\BIsSUFLW�SU\JK NPRBcL]PN_O^NzGe]_D
O^VY\l\JK^O�G~cdIHDE[lNPO|S#]P]_DUvah.KMNPFLwtcLIaDE[JN_O|SU]'KMFHGJN_GJNPK^[Mi�jkILKxO^VYFaGJ\JVY]scL\lVYhL]_K^R�N_[rK^�HQLN_`#SU]_K^FaG|v
�� ��^ Pvdm�VY\JOMK^[9SUFLW�GeVU\J�HQLK^[xRgQL[�Gxh.KtO|S#]PO^Qd]�S#GJK^W7i
M~VYFaGJ\eSU[�GeNPFdwTS#FLNPRTS#GeN_VYF�SUFdW \lVYh+VUGeN_O^[^v y NP]PIdK^]PRB[t� ­�_  5Y¡@VYhL[JKM\l`UK^W�GJIsS#G /
� � ���{� �!��� �!�	�x� K � 
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P¨F§wYK^FdK^\eS#]�NzG9N_[9\lK|SU[lVYFsSUhd]PKtGeVfK �uc.KMOMG/GJIsS#G9[JNPRXQL]�S#GJK^W IHQLRfS#FLVYNPWd[9RTS|D NPFLOM]PQLWLK
RTVY\lK(���+3b[ GeIsSUFgGJILKkS|`YKM\eSUwUKkVUm ( Q n $ Q QL[lK^W�haDXRBVY[�G�IHQLRTSUFLVYN_Wg\JVYh+VUGJ[^i�M~]_VY[JKMW
�EN_FLK^RTS#GJNPOfO}ILSUNPFL[�S#\JK�IsSUFdWL]PKMW�NPRBcL]PN_O^N_GJ]_D�hHD�\JVYh+VUGe[XhLQdG�O|S#\JK�RgQL[�G�h+K�G}SU�#K^F
GeV§KMFL[JQL\lK S�\JVUh.VUG:WLVEK^[gFdVUGgWsS#RfSUwUKTNzGe[JKM]_m�i?M~VY]P]_NP[JN_VYFL[tSUFdW�O^VYFaG}S#OMGe[gSU\JKfSU]P[lV
\JK^[lVY]_`UK^W�S#QdGeVYRTS#GJNPO|S#]P]_DZhLQuG~O^SU\JKxRgQL[�G~]_NP�UK��=NP[lKxh+K=G}SU�#K^FfGJVXS|`YVUNPWfWLSURfS#wYK,$ �2S;n
RfSUFdK(SUFLW 
*SU�;SURgQd\eSg�N( QRQRQ ¡�&�i�P�GbNP[bc+VY[l[JNPhd]PK�GeV*N_FaGeK^\JSUOMGbcLIaDE[JNPO^SU]P]zDt�=N_GeIXS*\JVUh.VUG
$ £ SU]PK:SUFLW ��VY]_]PNPO}��� ( QRQ Q Sa¡�&2��\JKM[JK|S#\JO}I§haD GeILKXSUQdGJILVY\}¡ i#1/N_\lGJQsSU]1IHQLRTSUFL[*VUF�GeIdK
VUGeILKM\oIsSUFLW{v7O|SUFdFLVUG/�=NzGeILVYQuG/GeILKgSUNPW§V#m2[lc.KMO^NPSU]�m�VY\lO^KgN_FaGeK^\JSUOMGJNPVYF�RTKMO}IsSUFLN_[JRB[
RfSU�#K�cLIaDE[JNPO^SU]rO^VUFHGeSUOMGo�=NzGeI�S�IHQLRfS#F���GeIdVYQLwYI�[JQdO}I�WLK�`ENPO^KM[om�QL\lGJILK^\thL]_QL\*GeIdK
h.VYQdFLWsSU\�D�h.K�G¨�~KMK^F�`EN_\lGeQLSU]7IHQLRTSUFLVYN_WL[=SUFLW IHQLRfS#FLVYNPW�\lVYh+VUGe[e¡�i
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,~KM[JN_WLK^[ GeILKM[JK(OMVYRTcLSU\JN_[JVYFL[Mv;GJILK~RBVY[�Gb[lNPwYFLNzqsO|S#FHG�cL\JSUOMGJNPO|S#]EWdN �.K^\JKMFLO^K2NP[%GeIsS;G
�~VY\l�HNPFLw=�=N_GJIZ[lNPRgQd]�S#GJK^WtIHQLRfS#FLVYNPWd[1\JK^�HQLN_\JKM[�Skm�SU[�G%O^VYRBcLQdGJK^\^v¤�=ILKM\JK|S#[ �2VY\J�HN_FLw
�=N_GeIT\JVYh+VUGJNPO=IHQLRfS#FLVYNPWd[2\lK^�HQLNP\lK^[2S:\lVYh.V#GeNPO=IHQLRTSUFLVYN_W7ibª9[(SZWLVuO�GeVY\JSU]'[lGJQLWLK^FaG^v
GeILN_[(K^�HQsS#GJK^[kGeVgm�VU\lGeQdFsS#GeK9cL]�S#O^K^RBK^FaGkN_F SX�~KM]P]+m�QLFLWLKMW ]PSUh+VY\eS#GJVY\lD��=NzGeI SXGJK|SUR
VUmb\lK^[lK|SU\lO}I§K^FLwUNPFLKMK^\J[=RTSUNPFaGeSUNPFLN_FLw:GJILKo`#SU\JN_VYQL[kO^VURTc+VYFLKMFHGx\lVYh.V#GeNPO*[lDE[lGJK^RB[^i

����
���� � ��� � � ����� "�� � �

* �+,*«�h+K^]_VYFLwY[�GeV�GeILK �tS!�~S#GJV��*DEFsSURBNPO=,~\JSUNPF�cL\JV��lK^OMG�S#GBGeILK £ QLRTSUF P¨Fdm�VY\�n
RfS#GJNPVYF�CuOMNPK^FdO^K�]PSUh+VY\eS#GJVY\JN_K^[Mv2ªrj � v�+YSUcsSUF7i � K^[lK|SU\lO}ILK^\l[f�~VU\J�HNPFLw�S#GBªrj � « [
M2Duh+K^\ £ QLRTSUF�cL\JV��lK^OMG�OMVY]P]PSUh+VY\eS#GJK^W �=NzGeI�Cuª � M �tC.v�S§[JQdO^O^KM[J[�m�QL]=\JVYh+VUG�KMFLwYNzn
FLK^KM\JNPFdwgO^VYRBcsSUFaDUvEGJVXWLKM[JNPwUF��+,*va�=ILNPO}IT�(SU[~O^VYFL[�Ge\lQLOMGJK^W�haDfCuª � M �tC�S#G@GeIdK^NP\
m�SUO^N_]PN_G¨DTNPF�CdS#]_G �%SU�#K M~NzG¨DYv '=G}SUI7i

32cm

175cm

48cm

40cm

22cm

29cm

31cm

5cm

20cm

55cm

22cm
Torso twist

Torso

Hip

Ankle

Knee

Head

Arm

Humerus

Wrist

Elbow

Wrist twist

3bN_wYQL\JK (Ei ­ /rjkIdKZIHQLRTSUFLVUNPW \JVYh+VUGx�+,
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�+,�IsS#[ . Q WLKMwY\JKMK^[ VUmtm�\JKMK^WLVYR SU[�[JIdV¤�=F¦NPF�3bNPwYQd\JK (ui ­ i jkILKM\JK�SU\JK§SUF
SUWLWLNzGeNPVUFsSU]� ����+3b[tGeILS#GXRXQL[lG:h.KT]PVEO}�UKMW�V �'n¨]PN_FLKUifjkILKf]_VuO}�#K^W����+3b[Z[JK�GXGeIdK
[JILVYQd]PWLKM\Z[lIL\JQdwLv%ILNPc�SUh+WLQLO�GeN_VYF7v%SUFL�H]_KgG¨�=NP[lGZS#FLW S#FL�H]PK�SUh+WLQLO�GeNPVUF7igjkILK�ILK^SUW
QLFLN_G~IsSU[~m�VUQL\~RBVYhLN_]PK=O|SURBK^\JSU[2�=IdNPO}I SUOMO^VYQLFaG(m�VU\2GeIdK9m�VYQL\~���+3b[~FLV#G([JIdV¤�=F N_F
GeILK*qLwYQL\JK#irj(�~VXVUm7GeIdK/O|SURBK^\JSU[@IsS|`YK*�=N_WLK/SUFdwY]PKx]PKMFL[JKM[([JVXGJIsS#G@GeILK9\JVYh+VUG2RfS|D
IsS|`YK S��=NPWLK�SUFLwY]_KT`ENPK�� hdQdGBSU]P[lV�qd�dS#GJK�VYF�S�G}S#\JwYK�G|i��+,��2K^NPwUIL[  Q#" � S#FLW
[lG}S#FLWL[ ­ i  $ RTK�Ge\JKM[XG}S#]P]pi�jkIdKT�~SUNP[�GgNP[XS#GJGeSUO}ILKMW GeV�S RTKMO}IsSUFLN_O|SU]@[JQdcLc.VU\lGg[lV
GeIsS#G*�+, WdVuKM[*FLVUG9NPF m�SUO�G*[�G}SUFLW{v.hLQuG/IsSUFdwTm�\JVUR�GeILKt�(S#NP[lG^ikjkILNP[9O^N_\JO^QdRX`YKMFHGJ[
GeILKZS|�=�a�(SU\lW�cL\lVYhL]_K^R�VUm�hsSU]PSUFLOMNPFLwLvuSUFLW m�SUOMNP]PNzG}S#GJK^[@GeILKtQL[lKZV#m�S�FLVYFun�c.VU\lG}S#hL]PK
IHDEWL\JSUQL]_NPOfOMVYRBcL\JKM[J[JVU\:GeV�SUOMGJQsS#GJK��+,*« [ �lVYN_FaGe[^i�CuN_FLO^Kf�+,�N_[:IaDEWL\eS#QL]PN_OTNzGXO^SUF
wYK^FLKM\eS#GJK�RTVUGJNPVYF�O^VYRBcL]PNPSUFaGe]zD [JV�GeIsS;GtcLIaDu[lNPO^SU]�NPFaGJK^\eS#OMGeN_VYFL[/�=NzGeI�IHQLRTSUFL[tSU\lK
c.VY[l[JN_hL]PK#ibj�DucdNPO|S#]P]_DUvUNzGbIsS#[bh+K^K^FgGJVuV9WsSUFLwUK^\JVUQL[bGeV*c.KM\lm�VY\lR IHQLRTSUF��;\JVYh+VUG�cLIaDu[�n
NPO|S#].N_FHGJK^\JSUOMGJNPVYFL[��=N_GJI�IHQLRTSUFun¨[lN �MK*\JVUh.VUGJ[~h+K^O^SUQL[JK9GeILK/\lNPwYN_WLN_G¨D�SUFLW�[�Ge\JKMFLwUGJI�VUm
\JVYh+VUG/RBVUGJNPVYFL[xcL]PSUO^KM[*IHQLRTSUFL[oS#G*\JN_[J�'i
,~KM[JN_WLK^[*GJILKgIaDEWL\eS#QL]PN_OgSUO�GeQsS#GJVY\J[*�+,*« [
RTVUGJVY\k[lDE[�GeK^R	N_[kK^�HQLN_cLc.KMW��=NzGeI�GeVY\l�HQLKZSUFLW �lVYNPFaG=SUFdwY]PKo[lK^FL[lVY\J[Mi

jkILKo\lK^[lK|SU\lO}I�S#O^O^VURTcL]_NP[lILK^W�haDfVUGeILKM\�M2DEh.KM\JIHQLRTSUF cL\JV��lK^OMGkGJK|SUR RBK^Rgh+K^\l[
IsSU[/K �LS#RTN_FLK^W�`#SU\lNPVYQd[/SU[lc.KMOMGe[oV#m�IEQdRfSUFdVYNPW�\JVYh+VUGeN_O^[Mio�oSU\J\lNPF ,~K^FaGeNz`YKMwYFsS�WLK n
`uN_[JKMW�S"* ]_K|SU\lFLNPFdwxm�\lVYR VYhL[JKM\l`#S#GJNPVYF7«;[JO}IdK^RBKkSUFLW�S#cLcL]PN_K^W:N_G GeVoSUN_\�IdVuO}�#KMDYvHS#]P]PV!�(n
NPFLw�S�IHQLRTSUF�GJV�cL]�S|D GeIdKgG}SUhL]_K�npGeVYc�waSURBK:�=N_GJI��+,!$ ,~K^FaGeNz`YKMwYFsS�SUFLW�ª(GJ�UKM[JVYF
� ( QRQ Q ¡�&�i ��S#\JO^NPS � N_]PK�DXWLK�`YKM]PVYc+K^WTSoO|S#GJO}ILNPFLwt[�Du[�GeKMR�[JVtGeIsS;G��+,�O^VYQL]_W�\JKM[Jc+VYFLW
NPF�\JK|S#]zn�GJNPRBK:GJV GJIL\JV!�=F�VYh �lK^O�Ge[XSUFLW�O|S#GJO}I�GJILK^R $ � N_]PK�D�SUFLW�ª(Ge�#K^[lVYF � ( QRQ (Y¡ &pi
ª*]PKM[ 'xWLKBIsSU[tm�VuOMQL[JKMW VYF�`uN_[JN_VYF�cL\JVEO^KM[J[JN_FLw§S#cLcL]PN_K^W�GeV m�SUO^KB]PVEO|S;GeNPVUF7v7IHQLRTSUF
RTVUGJNPVYF�SUFsSU]zDu[lNP[�S#FLW RTVUGJNPVYF�O|SUcdGJQL\JK $ '9WdK�K�G SU]pi/� ( Q QRQ ¡�&�i jkILNP[�\lK^cL\lK^[JKMFaGe[
VYFL]_D§S�m�\eSUO�GeNPVUF�VUm2GJILK�\JKM[JK^SU\JO}I�O^VYRBcL]PK�GeKMW7v%SUFLW�S�wYK^FdK^\eS#]rV¤`UK^\�`uN_KM� VUm~\lK^OMK^FaG
SUO}ILNPK�`YKMRTKMFHGJ[*RTS|D�h+Ktm�VUQLFLW NPF ª(Ge�#K^[lVYF§KMG9SU]�i1�N( QRQRQ ¡ i

����
�� � � ��� � � "�	
� � "�� ��� "�������� � �

M~VYFaGe\JVU]P]PN_FLw��+,*« [=RTVUGJNPVYF�N_[=SBIdNPK^\JSU\JO}IdNPO|S#]7cL\JVEO^KM[J[Mi �1V!� ]PK�`YKM]1O^VYFaGe\lVY]1K^Fd[JQL\lK^[
GeIsS#G~G}SU\lwYKMG~c.VY[�GeQL\lK^[kS#\JKoS#GlG}SUN_FLK^WfNPF�Sg[�G}SUhd]PK9m�S#[JILN_VYF7vH�=ILNP]_K*ILN_wYI�]PK�`YKM]{O^VUFHGJ\JVY]
GeVEVY]P[*SU[J[lNP[lG*GeILKgwUK^FLKM\eS#GJNPVYF§V#m�c.VY[�GeQL\lK^[tSUFdW�[eS#GJNP[lm�S#OMGeN_VYF�V#m�RTVUGJNPVYF�wYVaSU]_[^i/ª9]P]
GeILKM[JKgm�K|S;GeQL\lK^[oSU\lK�S|`#SUNP]PSUhL]PKoGJIL\JVYQdwYI�GeIdKgO^VYFaGJ\JVY]�NPFaGeKM\lm�SUOMK:�=ILN_O}I�NP[*WdNP[JOMQL[J[lK^W
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NPF�GeILKtFLK �EG*[lK^OMGJNPVYF{i
jkILKx]PV!� ]PK�`YK^]'OMVYFaGe\JVU]+cd\JVEO^K^[l[2RXQL[lG@O^VUFL[lGeSUFaGe]_D�RBVYFLNzGeVY\�GeILK �lVYN_FHG@[�G}S#GJK9S#FLW

\JK^wUQL]�S#GJKBGJILK�S#OMGeQLS#GeVY\tm�VY\lO^K^[XSUcLcL\lVYcL\lN�S#GJK^]_DUi�jkILKfm�QLFdWsSURBK^FaG}SU]�OMVYRTc+VYFLKMFaGgNP[
S m�KMK^W�hsS#O}��[JcL\lNPFLw#n�WsSURBc.KM\o[lDE[lGJK^R i�ª*OMO^VY\lWLNPFdw GJV GJILNP[tcL\lVuOMK^[J[ZGeILK�GeVU\J�HQLK �
wYK^FLKM\eS#GJK^W�S;G(S �lVYNPFaG2NP[@cL\JVYc+VY\�GeNPVUFsSU]dGJV:GeIdK*WLN �{KM\JK^FdO^K*h+KMG¨�2K^KMF�N_GJ[@GeSU\JwYK�G(S#FLwY]PK
:���SUFLW�SUO�GeQsSU]%S#FLwY]PK :uv'SUFLW FLKMwaS#GeNz`YKM]_D�cd\JVYc+VY\lGJNPVYFLSU].GJVBNzGe[(`UK^]PVEO^NzG¨D "��"�� i
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�	�TN_[gGeILK [Jcd\JNPFdw�[�GeN �{FLKM[J[BO^VEKM¥BO^N_K^FaG|i�ª9[��	�TN_FLO^\lK|SU[lK^[^v@GeILK OMVY\J\lK^OMGJN_`UK m�VY\lO^KM[
NPFLOM\JK|S#[JKUi�� � NP[9GeILK�WsSURBcLN_FLw�O^VEKM¥BO^N_K^FaG|v1�=NzGeILVYQuG/GeILN_[oO^VYRBc+VYFLK^FaG :fG¨DEcLN_O|SU]_]_D
VY[JOMNP]P]PS#GeKM[7hsSUO}�/SUFLWtm�VY\lGJItSU\JVYQdFLWZGJILK�G}S#\JwYK�G%c.VY[lN_GJNPVYF7i1jkIdK@WLSURTcdNPFLwkOMVYRTc+VYFLKMFaG
SUOMGJ[ SUwaSUN_FL[lGBGeILK �lVUNPFaGf`UK^]PVEO^NzG¨D�[JRBVuVUGJILNPFdw VYQdGfGeILK§VU[JO^N_]P]PS#GeN_VYFL[�[JV�GJILK
�lVYN_FHG
O^VYRBK^[oGeV�\lK^[�G:FdK|SU\/GJILK�G}SU\lwYKMG^i ,~KMO|SUQL[lKBGJILK�\JVUh.VUG/NP[tS��.K^O�GeK^W�haD�wY\JS!`ENzG¨D�GeIdK
[JcL\lNPFLw#n�WsSURBc.KM\/[lDE[�GeK^R S#]PVYFLKgG¨DEcLN_O|SU]_]_D�O^VYRBK^[/GJV \JK^[�G:S#GtSUF�SUFLwY]_KgV �.[JK�Gom�\JVYR
GeILKoG}S#\JwYK�G|vL�=ILKM\JKZwY\eS|`EN_G¨DfhsSU]�S#FLO^KM[=GJILKt[JcL\lNPFLw�m�VY\lO^K#i

j(�2V�[JVY]_QdGeN_VYFL[=�~KM\JK�S|`#SUNP]PSUhL]_K/GeV�[JS#GeN_[lm D�K��dSUOMG �lVYNPFaG9cL]�SUOMK^RBK^FaG|i9jkILKgqs\l[lG|v
NPFaGeKMwY\eSU]uwaSUN_FL[^v#RfSUN_FaG}SUN_FL[bS#F�NPFaGeKMwY\eSU]HGeVU\J�HQLK([lV/GeIsS#Gb�=ILNP]_K(S �lVYN_FaG�NP[�V �.[JKMGbm�\JVYR
N_Ge[kGeSU\JwYK�GxSUFLwY]_KUvdGJILKtNPFaGeKMwY\eS#]7GeVY\l�EQdKZ[�GeK^SUWLNP]zD�N_FLO^\lK|SU[lK^[xQLFaGeNP].GeILK �lVYNPFaGk\lK|SUO}IdK^[
GeILK*GeSU\JwUKMG|ibjkILNP[2O|SUF�h+K*WLSUFLwYKM\JVYQL[~[JNPFdO^K*Nzm7GeIdK*\JVUh.VUG^«¬[2RTV#GeNPVUFTN_[2N_RTc+K^WLKMWfGeIdK
NPFaGeKMwY\eSU]'m�VY\lO^K*O^SUF�hLQdNP]PWTQLc�QLFaGJNP]'GeILK/VUhL[lGJ\JQLO�GeNPVUFfNP[@m�VY\JOMK^W�S#[JNPWdKUirjkILK/N_FaGeK^wU\eSU]
GeVY\l�EQdK/RgQL[�G~GeIdK^\JK�m�VY\JK9h.K9[lGJ\JNPO�Ge]zD�O|SUcLc+K^W��=NzGeILN_Ff[JS#m�K*]_NPRBN_Ge[Mi�ª9]_GJK^\JFLS#GeNz`YK^]zD P��
RfS|D�h+KoQL[lK^W GeV�O|SU]_O^QL]PS#GeK/SXm�K^K^W m�VY\��(SU\lW�GeVY\l�EQdKtGJK^\lR�SUWLWdK^W GeVgGeIdKtm�KMK^W hsSUO}�
GeK^\lR�vsN_FaGeK^FdWLK^W GeV�K��dSUO�Ge]zD�O^VYRBc+K^FL[JS#GeKom�VY\(GJILKtwY\eS|`EN_G¨D�m�VU\JO^K#i
P ��S#FLW P�� OMVYFL[�GeN_GJQdGeK9�+,*« [2[lNPwYFdN_qsO^SUFaG2IdNPwYIB]PK�`YK^]'OMVYFaGe\JVU]+m�K^S#GeQL\lK^[Mi�P � RfS|D

h.KgQd[JK^W�VUFun¨]_NPFLKtGeV�OMVYRBcLQdGeKZGeILK �lVYNPFaG*SUFLwY]_K^[*[JS#GeN_[lm DENPFdwf]PN_FL��cL]PSUO^KMRTKMFHG*wYVaSU]_[^i
jkILK NPRBcL\JV!`YKMW�K��EGeKMFLWLK^W +YSUO^VUhLN�SUF4P � SU]PwYVU\JN_GJILR �(S#[�m�S#[lG�K^FdVYQLwYI�GeV�NzGeK^\JS#GeK
VYFun¨]_NPFLK#v+SU]_GJILVYQLwYI O^VUFH`UK^\lwYK^FLOMKgGeVBGeILK:VYcdGeN_RfS#]1c.VY[�GeQL\lKX[JS#GeN_[lm DENPFLwTSfwYNz`YKMF�]PN_FL�
cL]�SUOMK^RBK^FaGXG¨DEcLN_O|SU]_]_D�\lK^�HQLN_\JK^W [JKM`UK^\JSU]~[lK^O^VUFLWL[^i�P���RTS!D�h+KTQd[JK^W�GJV�m�SUOMNP]_N_G}S;GeK
K��dSUOMG(]PNPFd��c.VY[lN_GJNPVYFLN_FLwtNPFBGeILK9cL\JKM[JK^FdO^KoVUm1wU\eS|`EN_G¨DYvdSUFLWfSU]P[lV:GeVX[JRBVuVUGJIfRBVUGeN_VYFL[
SUFLW�K^FdO^VYQL\JSUwYK/\JSUcLN_W�VY[JOMNP]_]�S#GJNPVYF�m�\JKMK/RBVUGeN_VYF7i jkILKo\JKMO^QL\l[JN_`UK 
9K��kGeVYFun � QL]PKM\�P��
RTK�GeILVEW��(SU[9S|`#SUNP]PSUhL]PK#i



�����������
	��
����
������������������������
������� �!�"�����#� .&$

����
���
 � ��� ��� " � � � � � � � 	��
� � "�	 
 � 	
�

�+, NP[Z[JQLcdc.VY\�GeKMW�hHD�[JV#m G¨�(SU\lKfcL\lVYwY\JSURTRBK^W�haD�CHGeKMm�S#F�CuO}IsSYS#]pi jkILK�[JV#m G¨�(SU\lK
FLK|S#GJ]_DfK^FLO^SUcL[JQd]�S#GJK^[xSU]P]+GeILKt]_V¤� SUFLW ILN_wYI�]PK�`YKM]1O^VYFaGe\lVY]7cL\lVuOMK^[l[JK^[xNPFaGJVTS#F N_FaGeK�n
wY\eS#GJK^W§KMFa`uN_\JVYFdRTKMFHG^i
P�G/N_[*c+VY[J[lNPhL]_KZGJVf�=\JNzGeK M O^VEWLKXm�VY\xO^VYFaGJ\JVY]_]PNPFdwf�+,¦QL[JN_FLw
GeILKM[JKZ]PNPhd\eSU\lNPK^[Mi

jkILKoOMVYFaGe\lVY]1O^VEWLKoNP[(SUcLcL]_NPO|S#hL]PKxGeVgGeIdKZ\lVYh+VUGkN_GJ[JKM]_m�vLS#FLW K^�HQsSU]_]_DYvEGeV�S�\JVUh.VUG
[JNPRXQL]�S#GJVY\�QL[JKMW�m�VY\@GJK^[�GeNPFdwLi�CuN_FLO^K*GJILK*\lVYh+VUG(N_[~SUFfK��uc.KMFL[JNz`YKtSUFdW�[JVYcdILNP[�GeNPO^S#GeKMW
cLNPKMO^K�VUmgILSU\JWd�~SU\lKUv/NzG NP[ K��EGe\lK^RBK^]zD QLFLWLKM[JN_\eSUhL]_K§GeV�WsSURTSUwYK�NzG|i-ª*]_]/O^VUFHGJ\JVY]
[JVUm G¨�~SU\JKo�~SU[(GeIdK^\JK�m�VY\JKoGJK^[lGJK^W QLFLWdK^\=[JN_RgQL]�S;GeNPVUF7i �r\lVYwY\eS#RTRBNPFLw:RTN_[lGeSU�UKM[~GeIsS;G
O^VYQL]_W�cd\JK^OMNPcLNzG}S#GJK�QLFLcL\lK^WLN_OMGeSUhL]PK�RBVUGeN_VYFL[oWsS#FLwYK^\lVYQL[oGeV IHQLRTSUFL[ZVY\/GeILKB\JVUh.VUG
N_Ge[lK^]zm��2K^\lKZGJIEQd[x\lK^[lVY]_`UK^W�cd\JNPVU\~GeV�cLIaDE[JN_O|SU]1GeKM[lGJNPFLwLi
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jkILK§�+, O^VYFaGJ\JVY]kN_FHGJK^\�m�SUO^K NP[�S#G�GJILK�cd\JVYwY\JSURBRTN_FLw�]�SUFdwYQsSUwYK�]_KM`UK^]pi P¨F�VU\JWLKM\
GeV VYc+K^\eS;GeKgGeIdK�\JVYh+VUGtN_G/NP[/FLKMO^KM[J[eS#\lD�GeV��=\lN_GeK�SfGeSU[J��[Jc+K^O^NzqsO|S;GeNPVUF�NPF�M*i7jkILN_[
[Jc+K^O^NzqsO|S;GeNPVUFfRgQL[�G(OMVYFaG}SUN_F�SUF�N_FLN_GJN�SU]_NP[JS#GeN_VYF:m�QLFdOMGeN_VYF7vESX\lQLFaGeNPRBKkm�QLFLO�GeNPVUF7vdS#FLW
S�m�K���]PKM[J[=[JN_wYFLNzqsO|SUFaGkm�QLFdOMGeN_VYFL[Mi

jkILKTNPFLNzGeNPSU]PN_[eS#GJNPVYF�m�QdFLOMGJNPVYF�RgQL[lG:O}ILKMO}��GeILS#GgFLV�VUGeIdK^\:GeSU[J�H[�S#\JKf\lQLFLFLN_FLwLv
cL\JKMcsSU\JKZGeILKZ\JVUh.VUGxN_F�SB[eS#m�KZc.VU[lGeQd\JK:SUFLW�cd\JK^cLSU\JK:SUFaD `US#\JN�S#hL]PKo[lcsSUO^K:\JKM�EQdNP\JKMW
hHDZGeIdK2\lQLFaGeNPRBK�m�QLFLOMGJNPVYF{i�jkILK~NPFLNzGeN�S#]PNP[JS#GeN_VYF=m�QLFLOMGJNPVYF:RfS|DoGJK^RBc.VY\JSU\JN_]_D/SU]P]_VuO^S#GeK
O^VYFaGe\lVY]7GeVBSUFdVUGeILKM\kG}SU[l�+vsRBV!`ENPFLw�GeVBS�WLK�m�SUQL]_G=c+VY[�GeQL\lKtm�VU\kK��dSURBcL]PK#i

jkILK�\lQLFaGeN_RTKBm�QLFLOMGJNPVYF NP[g[lQLh �lK^O�G�GeV�\lK|SU]@GeNPRBKB\JK^�HQLN_\JKMRTKMFHGJ[^i P�G�NP[:O|SU]_]PKMW
S#G $ ( Q��
	 \lK^waS#\JWL]_K^[J[�V#mZ�=IdKMGeIdK^\ N_GJ[�cL\JK�`ENPVYQL[�K �uK^O^QuGeNPVUF¦ILSU[�O^VYRBcL]_KMGeKMW7i ª
FEQdRgh.KM\�VUmt[lGeS#GeK§`#SU\lN�SUhd]PK^[fSU\JK�QLc.WLS#GeKMW¦h+KMG¨�2K^KMF¦GeSU[J��OMDEOM]PK^[ SUFdW�GeILKM[JK�SU\lK
S!`#SUN_]�SUhd]PKoGeV�GJILKgNPFdN_GeNPSU]PN_[eS#GJNPVYF�SUFLW�\JQdFHGJNPRBK:m�QLFdOMGeN_VYFL[Mi	�1NP�UK��=NP[lKUv1S�FHQLRgh+K^\*VUm
O^VYFaGe\lVY]1`#SU\JNPSUhL]PKM[kRfS|D�h+KZ[JKMG9haD�GeILKM[JKZm�QLFLOMGJNPVYFd[^i@jkILKX[�G}S#GJKZ`#SU\lN�SUhL]_K^[kOMVYFaG}SUN_F
[JK^Fd[JVY\o\lK|SUWLN_FLwY[9NPFLWLN_O|S#GJNPFLwBGeILK �lVYNPFaG*SUFLwY]_K^[/VUmrGJILKg\lVYh.V#G|v'GeILKg[lK^FL[lK^W�GeVY\l�HQLK^[Mv
GeILK�m�KMK^W�hsSUO}��S#FLW�m�K^KMW�m�VU\l�~SU\JW�m�VY\lO^K�GJK^\JRB[^i�jkILK�OMVYFaGe\JVU]~`#SU\JNPSUhL]PKM[X[lKMG�GeIdK
WLK^[lNP\JKMW�S#FLwY]PKM[^vL`UK^]PVEO^NzGeN_K^[kSUFdW�SUOMO^KM]PK^\JS#GeN_VYFL[=SUFdW�SUFaD�m�KMK^W m�VY\l�~SU\lW m�VY\lO^KM[^i
P�GtN_[/GeIHQL[Zc.VY[l[JN_hL]PKgGJV qu��GeILK�GeSU\JwYK�G �lVYNPFaGZSUFdwY]PKM[oK��dSUOMGJ]_DUiHP�GtN_[tWsSUFLwYKM\JVYQd[

ILV!�~K�`YK^\Mv�GeV [JK�G �lVYN_FaGZSUFLwY]_K�GeSU\JwUKMGe[tRBVY\JK�GJIsSUF�S m�K��-WLK^wU\JK^KM[gS|�~S!D�m�\lVYR�GeIdK
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O^QL\l\JK^FaG=c+VY[lGJQL\JK*h.KMO|SUQL[lKoGeILK*m�VU\JO^KM[kSUFLW�`UK^]_VuOMN_GeN_K^[@wYK^FdK^\eS;GeK^W O^SUF�h.KMO^VYRBK*`UK^\lD
]�SU\lwYKUiKP¨Fd[lGeK^SUW7vsRBVUGeN_VYFL[2RgQL[lG(h.K/WdK^O^VUFL[lGJ\JQLO�GeK^W NPFaGJV�Sg[JK^\lNPKM[(VUm [JRTSU]P]+[lGJK^cL[kGJV
K^FL[lQL\JKtGeIsS;G9RBV!`YKMRTKMFHGxN_[k[JRBVuVUGJI7vsSUFdW c+K^\�m�VY\JRBK^W S#G9S�\JK^SU[JVUFsSUhL]_Ko\eS#GJKUi

jkILK P � m�QdFLOMGJNPVYF�RTS|D�SU[J[lNP[�G�GeILN_[fcL\lVuOMK^[l[^v=O^VYFa`UK^\lGJNPFLw�S!M(SU\lGJK^[JNPSUF�IsS#FLW
G}SU\lwYKMGrN_FaGeVoS/[lKMG�VUm'[lQLN_GeSUhL]PK �lVYNPFaG�SUFLwY]_K^[^i '9[lQsSU]P]zDYvaS
M(SU\lGJK^[JNPSUF�IsSUFdW�GJ\eS��lKMOMGJVY\lD
NP[kN_GJ[JKM]_m%[eS#RTcL]_K^W��=N_GJI S�[JK^\lNPKM[xV#m�[lRfS#]P] M(S#\lGeKM[JNPSUF�V �.[JKMGJ[xSUFLW-P ��N_[kc.KM\lm�VY\lRTKMW
VYFun¨]_NPFLK9GeV�RTKMKMG=GeIdK^[JKtG}S#\JwYK�Ge[^i

jkILK P���m�QLFLO�GeN_VYF RfS|D�h+KtSUcLcd]PNPKMW�GeVBS�[JK�G9V#m GeSU\JwUKMG �lVYN_FHGkSUFLwY]_K^[^vu`YK^]_VuOMN_GJNPK^[
SUFLW�SUOMO^KM]PK^\JS#GeN_VYFL[Mi�jkILK2\JKM[JQL]zG}SUFaG GeVY\l�EQdK^[bO^SUFXGJILK^Fgh+K@[JQLcLcd]PNPKMWgSU[%m�K^KMWXm�VY\��(SU\lW
m�VY\JOMK^[=GeV�GeILKt\lVYh.V#G|« [=SUOMGJQsS#GeVU\J[^i

�/QLK�GJV�GeILK�\lK|SU] n�GeN_RTKT\JKM�EQdNP\JKMRTKMFaGe[�N_G�N_[gwYKMFLK^\JSU]P]zD�QLFL[JS#m�K�GeV�cL\lNPFaG�NPFum�VY\�n
RfS#GJNPVYF�GJV�GeIdKTOMVYFaGe\JVU]2KMFH`EN_\JVYFLRBK^FaG:WLQL\lNPFLw G}SU[l��K��uK^OMQdGeN_VYF7i �r\JN_FHGJNPFLw O|S#F h+K
ILK^]_W QLc�haD�VYc+K^\JS#GeN_FLw�[�DE[lGeKMR©\lK^�HQLN_\JK^RBK^FaGJ[gSUFLW�O|SUF�O|SUQd[JKfQdFsSUO^OMK^cdGeSUhL]_KfWLK n
]�S|DE[/NPF�GJILKg\lQLFaGeNPRBKtm�QLFLOMGJNPVYF{i ��VUGJNPVYF�S#FsSU]_DE[lNP[/S#FLW�\JKMc.VY\�GeN_FLwfRgQd[lG/GJILK^\lKMm�VY\lK
h.KgO^SU\J\lNPKMW�VYQdG/V��+n�]PNPFdKUv+QL[JN_FLw�RBVUGeN_VYF�]_VYwY[x[lGeVU\JK^W�N_F�GeILKXRTKMRTVY\�D WLQL\JN_FLwfGeSU[J�
K��uK^OMQdGeN_VYF§SUFdW [lQLhL[lK^�HQLK^FaGJ]_D�WLQLRBc.KMW WdQL\JN_FLw�FLVYFun�O^\JNzGeN_O|SU].K��uK^OMQdGeN_VYF GJNPRBKUi

� �!+�� �
� 	��
���X�,�#"2�
������+-�,�#	

jkILKT\lVYh+VUGt[JN_RgQL]�S;GeVY\/N_[tSUF�K��EGeKMFL[JN_VYF�V#m~GeIdKBOMVYFaGe\lVY]rK^Fa`ENP\lVYFLRBK^FaGZN_Ge[lK^]zm�i�jkILK
O^VYFaGe\lVY]=K^Fa`ENP\lVYFLRBK^FaGBFLK^OMK^[J[lN_GeS#GeKM[�S�WdDEFsSURBNPO RTVEWLKM](VUm*GJILK \JVYh+VUG|v@NPFdO^]PQdWLNPFLw
GeILK��HNPFLKMRfS;GeNPOM[B��]_NPFL� ]PKMFLwUGeId[tSUFLW�SU\lGJNPO^Qd]�S#GJNPVYF�GJVYc+VY]PVYw#DL¡9SUFLW�WdDEFsSURBNPOM[B��]PN_FL�
RfSU[l[JKM[^vUN_FLK^\�GeNPSU]UcL\lVYc+K^\lGJNPKM[�S#FLWZSUOMGJQsS#GeVU\ [�Ge\lK^FLwUGJIL[}¡ ibjkILKM[JK2RTVEWLK^]_[1SU\lK@N_FaGeK^wU\eSU]
GeV GeILK�]PV!��]PK�`YK^]�OMVYFaGe\JVU]r[lDE[lGJK^R vbSUFdW SU]_[JV�\lK^�HQLNP\lK^W�hHD�GeILKBILNPwUI�]PKM`UK^]�O^VUFHGJ\JVY]
cL\JVEO^KM[J[JKM[=VUm�P ��SUFdW P��gidjkILKoOMVYFaGe\JVU]{[lDE[�GeK^R�]PNP�#KM�=N_[JK/OMVYFaG}SUN_FL[kS�3�� RBVuWLKM].GJV
m�SUO^N_]PN_GeS#GeKkGJILK/O|S#]PO^Qd]�S#GJNPVYFBVUm%]PN_FL��c+VY[JNzGeNPVUFL[2hLSU[JKMW�VYF �lVYNPFaG~SUFLwY]_K*[lK^FL[lVY\J[Mi~CENPFLOMK
GeILK��HNPFLKMRfS;GeNPOXSUFLW�WdDEFsSURBNPO�RBVEWLK^]_[oSU\JKX[JQLO}I SUF�NPFaGeKMwY\eSU]�csSU\�GtVUm�GeILK�O^VUFHGJ\JVY]
[JVUm G¨�~SU\JK#vsGeILKM\JKtNP[kOMVYFL[JN_WLK^\JSUhL]_KZV!`UK^\J]PSUc h.K�G¨�~KMK^F�OMVYFaGe\lVY]%SUFLW [JN_RgQL]�S;GeNPVUFfO^VEWLK#i

jkILKk[lNPRgQd]�S#GJVY\%NP[�hsS#[JK^W�VYF�S�3���cL\JVEO^KM[J[@SU[�WdK^[JOM\JN_h.KMW�SUh.V!`UKUi 3���NzGeK^\JS#GeN_VYFL[
SU\JKgN_FaGeK^wU\eS#GJK^W§QL[lNPFLwTGeILKg[lNPRBcL]PK � QL]PKM\*RBKMGJILVuW{itCuNPFdO^K �lVUNPFaG*GeSU[J� O^VEWLKX[lILVYQL]_W
S!`UVYNPW �lVYN_FaG�SUFLwY]_Kf`ENPVY]PS#GeN_VYFL[MvbFLV�K��ucL]_NPOMN_Gg[lVY]PQuGeNPVUF�NP[gN_FLO^]_QLWLK^W�N_F�GeILK�[lNPRgQd]�S;n
GeVY\Mi +UVYNPFaGxSUFLwU]PK*`ENPVU]�S#GJNPVYFL[~SU\JKoRBK^\lK^]zDf\lK^c+VY\lGJK^W [JV�GeIsS;GkGeILKocL\lVYwY\JSURTRBK^\2RfS|D
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O^VY\l\JK^O�G:GJILK^N_\oG}SU[l��O^VEWLKUi M~VY]P]_NP[lNPVYF�WLK�GeKMOMGeN_VYF�NP[ZSU]P[lV FLVUGZNPRBcL]PKMRTKMFaGeK^W{ifCENPFLOMK
N_Gt\JKM�HQLNP\lK^[tO^VYFd[JNPWdK^\eS#hL]PK�cL\lVuOMK^[l[JNPFdwLv%SUFLW�GeILK�K �LS#OMGZ�HNPFLKMRfS#GJNPOM[/VUm~�+,*«¬[oVUQdGeKM\
cL]�SU[�GeN_OX[JIdK^]P]�SU\lKX[JQdh �lK^O�GoGeV�RBVuWdN_qsO^S#GeN_VYF�OMVY]P]_NP[lNPVYF WLK�GeK^O�GeN_VYF§NP[9]PK�m G9GJVfGeILKXIEQEn
RfSUF�K�DYK#i ,2DB�~S#GeO}ILN_FLw�GeILKoOMVYRBcLQdGeKM\kSUFLN_RfS;GeNPVUFfVUm RBVUGeN_VYFL[~QdFLWLK^\k[lNPRgQd]�S#GJNPVYF
N_GgN_[gc+VY[J[lNPhL]_KTGeV�WLKMGJK^OMG�OMVY]P]_NP[lNPVYFL[Mv�SUFdW�NPFLWLKMK^W�FLK^SU\gOMVY]P]_NP[JN_VYFL[tVY\gQdFLK��uc+K^OMGJK^W
h.KMIsS|`uN_VYQL\l[^i

6-7�� � EF@ > < @ G JKALGH< � ��G-IFEFB#J�ALGH<

jkILK�[lGJQLWdD�V#mtIEQdRfSUF�RTVUGJNPVYF cL\JVEWLQLO�GeN_VYF�O^VUFLO^KM\JFL[�NzGe[JKM]_m/�=NzGeI�GJILK§�HQLK^[�GeN_VYF
* £ V¤� WdV��2KUvxSU[BIEQdRfSUF h.KMNPFLwU[^v(RBV!`YK�VUQL\Th+VEWLNPKM[��Y«_i M~]_VY[JKM]_D�\lK^]�S;GeK^W�GeVUcLNPOM[
NPFLOM]PQLWLKthLN_VYRBK^O}IsSUFdNPO^[Mv'FLK^QL\lVYcLIaDE[JN_VY]PVYw#DYv+SUFLW�cL[lDEO}ILVYcdIHDE[lNPO^[Mi�P¨F GeILKMNP\=\JKM]�S#GJNPVYF
GeVBIEQdRfSUF RBVUGeN_VYF�cL\lVuWLQdOMGeN_VYF�GeILKM[JKoGeVUcLNPOM[xRTS|D�h+Kt[JQLRBRfS#\JNP[lK^W SU[km�VY]_]PV!�=[ /

� ,~NPVURTKMO}IsSUFLN_O^[�n GeILKxcLIaDE[JNPOM[~VUm.GeILK9RgQL[lO^QL]_V#n¨[l�UK^]_KMGeSU]s[lDE[lGJK^R �=N_GJIT\lK^[Jc+K^O�G
GeV�N_G^«¬[=KMFH`EN_\JVYFLRBK^FaG

� 
9KMQL\JVYcdIHDE[lNPVY]_VYwUD�nZGeILK FLKMQL\eSU]=[�Du[�GeKMRT[fSUFLW�cd\JVEO^K^[l[JKM[fwYV!`YKM\JFLN_FLw hd\eSUN_F
m�QLFLO�GeNPVUF�S#FLW�RXQL[JOM]PKtO^VYFaGJ\JVY]

� �r[lDEO}ILVYcLIaDE[JN_O^[�n%ILV!� GJILK(hL\JSUNPF�N_FaGeK^\lcL\JK�Ge[�SUFdW�\JK^[lc.VUFLWL[rGeVo[lK^FL[lVY\lD�N_FLcLQdG
\JKMwaSU\JWdNPFLw�GeIdKZcdIHDE[lNPO|S#]7�~VY\l]PW
OoVaSU]_[@V#m%IEQdRfSUFfRTVUGJNPVYFBcL\lVuWLQdOMGeN_VYF�\lK^[JK^SU\JO}I N_FLO^]_QLWLKxWLNP[lO^V!`YKM\JNPFdw�ILV!� RBV#n

GeNPVUFL[oSU\lKgcL]�S#FLFLK^W�S#FLW§�=IsS#Gocd\JVEO^K^[l[JKM[ZRBVEWLQL]�S;GeKXRBVUGJNPVYF�SU[/N_G*VuOMO^QL\l[^itjkILKM[JK
�EQdK^[lGJNPVYFd[=SU\JK9K��EGe\lK^RBK^]_DBWLKMK^c SUFLWfhL\JVaS#W�\eSUFdwYNPFLwdiK3'SUOMGJVY\J[2NPF &LQLK^FLOMNPFLwXRTVUGJNPVYF
cL\JVEWLQLO�GeNPVUFTRTSU�UKxN_G�WdN_¥BO^QL]zG�GeVZwaS#GeIdK^\@wYK^FLKM\eSU]_NP[JSUhL]PKkKMRTcdNP\JN_O|SU]dWsS#G}SuvuS#FLWT[lVYRBK
�EQdK^[lGJNPVYFd[/cL\JVUh.KXm�S#\9N_FHGJVfGeIdKXRBK^FaG}SU] O^VUFHGJ\JVY]�cL\JVEO^KM[J[lK^[oVUm�RBV!`YK^RBK^FaG^i+3sVY\9K �Hn
SURTcd]PKUv+GeILK:�(S|D§RBVUGJNPVYFL[9SU\lKgcL]�S#FLFLK^W�WdK^c+K^FLWL[oVUF§GeILKgOMVYFaGeK �uGtV#m�RTVUGJNPVYF��^ ��a 
cL\JKMO^NP[lK�RBV!`YKMRTKMFHGJ[f[lQLO}I SU[�GeId\JK|S#WLNPFLw�S�FLK^KMWL]PK#v(c.V!�2K^\�m�QL]=RTV!`YKMRTKMFaGe[^v2�~KM]P]zn
GeNPRBK^W�RTV!`UK^RBK^FaGe[Mv�\JKMc.K�GeN_GJN_`UKTRBV!`YK^RBK^FaGJ[^v9���¨�^ �jkILK�IHQLRTSUF�h.VEWdD�NP[ZO|S#csSUhL]_K
VUmoS�IHQLwYK \eS#FLwYK VUm9RTVUGJNPVYFd[XGeIsS;GTRTS|D�\lK^�HQLNP\lK�GeVUGeSU]P]zD WLN �{KM\JKMFHGBOMVYFaGe\JVU]kcL\JV#n
O^K^[l[JKM[�[JQLO}I�SU[Z�=\JN_GJNPFLwdv�c+VYNPFaGJNPFLwLv%cLQdFLO}ILNPFdwLv�\JQdFLFLNPFdwLvbhsS#]�SUFLOMNPFLwdvbSUFdW�]PNzm GeNPFdwLi
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CuVYRBKTWLKMK^c+K^\g�HQLKM[lGJNPVYFL[:NPFLOM]PQLWdKB�=ILK�GeILKM\gVY\ZFLVUG:RTV#GeNPVUFL[ZSU\JKTcL]�SUFdFLK^W�cLQL\JKM]_D
[JcsS#GJN�SU]_]_D VY\B�=NzGeI \JK^[lc.KMOMGTGeV WuDuFLSURTN_O�]_VaSUWL[���WLNP[lO^QL[l[JK^W�m�Qd\lGeIdK^\Bh.KM]PV!�9¡�vkS#FLW
�=ILKMGJILK^\gcd]�SUFLFdNPFLw NP[tRTSUWLKBNPF�[JVYRBKB\JK^cd\JK^[lK^FaG}S;GeNPVUF VUm(GJILKBK��EGeKM\JFsSU]��2VY\J]_W7vbVY\
NPF GJILK NPFaGeKM\JFsSU]=[lcsSUO^K�VUm �lVYN_FaGfS#FLwY]PKM[TVU\TRgQd[JO^]_K�]_K^FLw#GeIL[���SU]_[JV�WLNP[lO^QL[l[JK^W�h.K n
]PV!�9¡�i 3sQL\�GeILKM\JRBVY\JK#v7GeILK�SUO�GeQsS#]rO^VYRBcLQdGeS#GeN_VYFL[oSU\lK�O^VYRBcL]_NPO|S;GeK^W{ig�/KMGJK^\lRTN_FLNPFLw
GeILK�FLKMO^KM[J[eS#\lD �lVYN_FaG�SUFLwY]_K^[ZGeV�cL]PSUO^KfGJILK�IsSUFdW�S#G�S§wYNz`YK^F M(S#\lGeKM[JNPSUF�c.VU[JN_GJNPVYF
� P �Z¡2m�VY\(K �LS#RTcL]_KUvdSUFLW WLKMGJK^\lRTN_FLNPFLw:GeILKoRgQd[JO^]_K*GeKMFL[JN_VYFL[k\lK^�HQLNP\lK^W�GeV�RTSUNPFaGeSUNPF
GeILK��lVYN_FaGe[oVUm�GeIdK�h.VEWdD�S;GowYN_`UK^F�SUFLwU]PK^[Mv{`YKM]PVEO^NzGeNPKM[oSUFLW�SUOMO^KM]PK^\JS#GeN_VYFL[�� P��t¡*SU\lK
O^VYRBcL]PK ��cL\lVYhL]_K^RB[^vsSU[=WLN_[JOMQL[J[lK^W�N_F�CuK^O�GeNPVUFL[�(ui (Ei (�� (ui)(ui/.di

j�DEcLNPO^SU]oK��uc+K^\JN_RTKMFaG}SU]tSUcdcsSU\eS;GeQL[ m�VY\�RBVUGeVY\�OMVYFaGe\lVY]oNPFLOM]PQLWdK^[�GeILK�cL]PSUFsSU\
RfSUFdNPcLQL]PSUFLWLQdR�vaGeId\JK^KoWdNPRBK^FL[lNPVYFsS#].RBVUGeN_VYFfO^SUcdGJQL\JKtSUFdW�GeILK/FHQLOM]PK^SU\(RTSUwYFLK�GeNPO
\JK^[lVYFsSUFdO^K~N_RfS#wYK^\�� � � P�¡�i¤jkILK�cL]PSUFsSU\1RTSUFLN_cLQL]�S#FLWLQLR¦NP[%S=RTKMO}IsSUFLN_[JR�haDo�=ILN_O}I
m�VY\JOMK^[bOMVYFaGe\lVY]P]_NPFLwkGeIdK2IsS#FLWgRTS!D/h.K2NPFa`YKM[lGeN_waS#GJK^W7vUSUFLWXN_[%WLK^[lO^\JN_h.KMWgNPF:ª*cLc+K^FdWLNz�
�gi).di ­ i���VUGeN_VYF�O|S#cdGeQL\lKkNP[rWLN_[JOMQL[J[lK^WBNPF�WLKMcdGeIBNPFBCuKMOMGJNPVYF $Li $ i�jkILK�� � P [JO^SUFLFLKM\
NP[kQL[lK^W�GJV�WLKMGJK^\JRBNPFdK/�=ILNPO}I�SU\JK^SU[kVUm GeILKthL\JSUNPF S#\JKZSUOMGJN_`UKoWLQL\JN_FLw�RTV#GeVY\~GeSU[J�H[Mi
jkILKTWdK^FL[lN_G¨D�VUm2V|�uDEwYKMF�NPF�GJILK�hL\eSUN_F�RfS|D§h+KB\JKM`UK|SU]_K^W�haD�N_Ge[oFHQLOM]PK^SU\tWLK^FL[lN_G¨DUv
SUFLW�GJILK�\JS#GeK�VUmoRBKMG}S#h.VY]_NP[lR S#GfS wYN_`UK^F�[lN_GJK�SUFdW�ILK^FdO^K§hL\JSUNPF�SUOMGJN_`EN_G¨D�GJIHQL[
WLKMGJK^\JRBNPFdK^W7i

jkILKTm�VY]P]_V¤�=N_FLw [JK^O�GeN_VYFL[gcL\lK^[lK^FaGBS�\JK�`ENPKM� VUm=\lK^[lK|SU\lO}I�N_F GeId\JK^K�SU\JK^SU[ /�m�K|S;n
GeQL\lK^[�VUmxIHQLRTSUF�RTV#GeNPVUF7v�RgQL[lO^]_K^[^v@SUFdW�RTVUGJNPVYF cL\JVEWLQLO�GeNPVUF�IaDuc+VUGJILK^[lK^[^i jkILK
qs\J[�G9WdK|SU]_[(�=N_GeI�`#SU\lNPVYQd[(K^RBcLNP\lNPO^SU].VUhL[JKM\l`#S#GeN_VYFL[=SUh+VYQdG=IHQLRTSUF RBVUGeN_VYFf�=N_GJILVYQdG
[JK^KM�HNPFLw/GJV*K��ucL]PSUNPFZGeILKMR�i�jkILK^[lK~m�K|S;GeQL\lK^[rSU\lK2[lNPwYFdN_qsO^SUFaGbN_FXQLFLWdK^\J[�G}SUFdWLNPFLw*h.VUGJI
GeILKZ[JQLhuGe]PK�GeN_K^[=VUm�RTVUGJNPVYF S#FLW GJILKZSUO^OMQL\eS#OMD VUmbRTVUGJNPVYF�cd\JVEWLQLOMGJNPVYF IaDEc.V#GeILKM[JK^[Mi
�%N_�UK��=NP[JK#v'SUF SUcLcd\JK^OMN�S#GJNPVYFfVUm%GeILK/OMVYRBcL]PK �dNzG¨DfV#m�RXQL[JOM]PK^[MvsSUFLW�GJILKo]PK�`YKM]7VUm [JN_R�n
QL]�S#GJNPVYFfFLK^OMK^[J[JSU\lD�GJV�\JKMcL]PN_O|S#GJK9m�K|S;GeQL\lK^[k[JN_wYFLNzqsO|SUFaG(GJV�c.KM\JOMK^N_`#SUhd]PK/]_NPRghTRTVUGJNPVYF
NP[(\lK^]PK�`#SUFaG~GeVgGJILK/OMVYRTcLSU\JN_[JVYFTVUm%RTV#GeNPVUFfcL\lVuWLQdOMGeN_VYF�IaDEc.V#GeILKM[JK^[Mi 3�NPFsSU]_]_DUvERBV#n
GeNPVUFXcL\lVuWLQdOMGeN_VYFZIHDEc+VUGeIdK^[JKM[�SU\JK@WLN_[JO^Qd[J[JKMW�NPFZGeK^\lRT[ VUmLGJILK~RBVUGJNPVYFom�K|S;GeQL\lK^[�GJILKMD
\JK^cd]PNPO^S#GeK#vsSUFLW GeIdK^NP\k[�G}SUFdWLNPFLwBSURBVYFLw�RBVUGJNPVYF�cL\lVuWdQLOMGJNPVYF \JKM[JK^SU\JO}I7i



�����������
	��
����
������������������������
������� �!�"�����#� .  

6-7�� ����>"J�E ��� � G�� D-EF@ >�< @ G�J�ALGH<

��VUGeN_VYF�O^SUcdGeQd\JKtSUFLW�RTSUFLN_cLQL]PSUFLWLQLR-K �uc.KM\JNPRBK^FaGJ[(IsS|`YKo\lKM`YK^SU]PKMW K^RBcLNP\lNPO|S#]P]_DgS
FEQdRgh.KM\�VUm'[lc.KMO^N_qLO~m�K|S#GJQL\JKM[bGeILS#G�IHQLRTSUFgRBVUGeN_VYFZVUm GeKMFgWLNP[lcL]�S|DE[^i�jkILK^[lK(m�K|S#GJQL\JKM[
IsS|`YK�h.KMK^F O|S;GeK^wUVY\JN_[JK^W¦SUFdW SUFsSU]zDu[lK^W NPF�GJILK§]_N_GeKM\eS#GJQL\JK#vxSUFLW GeILKM\JK�SU\lK��=NPWdK
\eSUFLwUNPFLw�S#\JwYQLRBK^FaGJ[�SUh+VYQdGX�=IdKMGeIdK^\g`#SU\JN_VYQL[Zm�K|S#GJQL\JKM[�SU\JKT[Jc+K^O^NzqsO|S#]P]_D�cL]PSUFLFLKMW
hHD�GJILKthL\eS#NPF VY\k\JKM[JQL]zG=Ge\JNz`EN�SU]_]_D�m�\JVUR�NPFaGeKM\eSUO�GeN_VYFL[(�=N_GJI�GeILKtcLIaDE[JN_O|SU]7�2VY\J]_W7i P¨F
GeILN_[x[lK^O�GeNPVUF GJILKo`#SU\JN_VYQL[(qsFLWdNPFLwY[xSU\lKo\JKMc.VY\�GeKMW7i

��������� � ��� ����� ��� � " � � "�� 	
�	� � "�� 	
� 
!" � ��"#	��

� �uc+K^\lNPRBK^FaGe[�NPFa`UVY]_`ENPFdw/c.KMVYcL]_KkRTV!`ENPFLw9GeILKMNP\rIsSUFdWL[�SU]PVUFLwoc.VUNPFaGln�c.VYN_FaG�GJ\eS��lKMOMGeV;n
\JNPKM[9ILS!`UKX\lKM`YK^SU]PKMW�GJIsS#GxGeILKtGe\JS��lK^O�GeVY\�D VUmbGJILK:ILSUFLW�N_[9N_F wYK^FLKM\eSU] [lGJ\eSUN_wYIaG|vshLQuG
VUm GeKMF�WLNP[lcL]�S|DE[tSfwYKMFHGJ]PKgOMQL\l`#S#GJQL\JK $ ª*h+K^FdW�K�GtSU]�i�� ­�_  (Y¡ v y SUFLF�K�GtSU]pib� ­`_   a¡ &pi
y ILNP]_KoSUF K��dSUOMGJ]_Df[lGe\JSUNPwUIHG=cLS#GeI�m�\JVUR�[lGeSU\lGkGJV�K^FLW c.VUNPFaG(�2VYQL]PW [lK^K^R	QdFL]PN_�UK^]zDYv
GeILK�VYhL[lK^\�`YK^W�O^QL\�`#S#GeQL\lK�NP[/OMVYFL[JN_[lGJK^FaGgS#RTVYFdwfGe\lN�SU]_[oSUFLW�SUOM\JVY[l[Z[lQLh �lKMOMGe[Mi�jkILK
FsS#GeQd\JK�VUm@GeILN_[ZOMQL\l`#S#GJQL\JK�N_[tSU]P[lV WdK^c+K^FLWLKMFaGXQLc+VYF�GeILK�\lK^wYN_VYF�VUm@�~VY\l�H[JcsSUOMKfN_F
�=ILNPO}I GeILKtIsS#FLW�RBV!`YKM[^i
3sVY\oK �LS#RTcL]_KUv NPF�GeILKBILVY\lN �MVYFaG}SU]rcL]PSUFLKBS#GZ[JIdVYQL]PWdK^\Z]PKM`UK^]rGe\JSUFL[�`YK^\l[JK�RBV!`YK n

RTKMFHGJ[�SU\lKfO^Qd\l`YKMW�VYQdG¨�~SU\JWd]_D��=ILNP]_KT\JSUWLN�S#]rRTV!`YKMRTKMFaGe[�SU\lKf\lK^]�S;GeN_`UK^]zD�[lGe\JSUNPwUIHG
$ £ SUwYwaSU\lW�SUFLW � N_O}IsSU\JWd[JVYF � ­�_5_ 2Y¡�v '9FLV�K�G�SU]�i2� ­�_  _ ¡�&�i�P¨F�GJILKT`UK^\�GeNPO^SU]~cd]�SUFLK
QLc SUFLW�WdV¤�=FfRTV!`YKMRTKMFaGe[kSU\lK*OMQL\l`UK^W VYQdG¨�~SU\JWd[~�=ILK^\lK|SU[khLSUO}�fS#FLWfm�VY\�GeIfRBV!`YK n
RTKMFHGJ[�SU\lK�\JKM]�S#GJN_`UK^]_D�[�Ge\JSUNPwYIaG $ ª(GJ�UKM[JVYF¦SUFLW £ VY]P]_K^\lhsSUO}I � ­�_  $ ¡�&�i 
xQLRTKM\JVYQd[
VUGeILKM\=[lGeQdWLNPKM[kIsS|`YKZO^VYFdqL\JRBK^W�GeILKoOMVYFL[lNP[lGJK^FLO�D VUm GeILKoOMQL\l`#S#GJQL\JKtNPF�c+VYN_FHG�n¨c+VYNPFaG
\JK|S#O}ILNPFLwBRBV¤`UK^RBK^FaGe[Mi

������� � � � � �)� �����,� � �#� ��" ���	� � ��� "�
 �����

��VYN_FHG�n¨c+VYNPFaGk\lK|SUO}IdNPFLwBRTV!`UK^RBK^FaGe[=NPF wYKMFLK^\JSU]1WLN_[JcL]PS!Dfh.KM]P]7[lIsSUc+K^W `YKM]PVEO^N_G¨D�cL\JV#n
qs]PKM[^i�jkIsS#GXNP[oGeV�[eS|DYv�GeILK�Ge\JS��lK^O�GeVY\�D�V#m~GeIdKfIsSUFdW�SUOMO^K^]_K^\JS#GeKM[XwY\JSUWLQsSU]_]_D�m�\JVYR
\JK^[�G|vYc+K|S#�E[bS#G GeILK2RTN_WLc.VUNPFaG%VUmsWLN_[JcL]PSUO^KMRTKMFaG|vYS#FLWXWLKMO^KM]PK^\JS#GeKM[b[lRTVEVUGeId]_D/GJV*\JKM[lG^i
jkILNP[�hsSU[JN_O2cd\JVYc+K^\�G¨DXIsS#[�h+K^KMF�VYhL[JKM\l`UK^W�haDXRTSUFaDZSUQdGJILVY\l[�$ ��VY\eS#[J[JV/SUFLW � QL[J[JS;n
P�`US#]PWLN%� ­�_  (U¡�v 3b]PSU[JIBSUFdW £ VYwaSUF�� ­`_  $ ¡ v £ V ��SUFLWBª*\JhdNPh�� ­�_7_ .a¡�v y VY]_c.KM\lGrK�G2SU]pi
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��VY\eS#[J[JVZSUFdW
��QL[J[JS;n P�`#SU]_WLN1� ­�_  (U¡%N_FH`UK^[�GeNPwYS#GeKMWgGeILK~`UK^]_VuOMN_G¨D:cL\JVUqL]PK~V#m+GJILK(IsS#FLW
NPF \lK|SUO}IdNPFLw§RBV!`YKMRTKMFHGJ[�SUFLW \JKM`UK|SU]_K^W�S FEQdRgh.KM\XVUm=WdK^csSU\�GeQL\lK^[Xm�\lVYR GeILKTh.KM]P]
[JIsSUc+K^W�cL\lVUqs]_KUi y ILKMF�GeILKf]PNPRXhL[XS#\JKf\lK^]PS;�uK^W�N_GXIsSU[gh+K^KMF�VYhL[lK^\l`UK^W�GeILS#GgGeIdK
`YK^]_VuOMN_G¨D�cL\JVUqL]PKgN_[/[J�#KM�2K^W�GJV!�(SU\lWL[oGeILK�VUFL[JK�GtVUm@RTVUGJNPVYF $ ª(GJ�UKM[JVYF SUFLW £ VU]P]PKM\�n
hsSUO}I�� ­�_  $ ¡�v y N_FLwZSUFLW ��NP]_]PKM\=� ­�_  $H¡�&�iK3sVY\bRTVUGJNPVYFd[��=ILK^\lK=GJILK=wYVaSU]LGJ\eS��lKMOMGJVY\lD
NP[XOMQL\l`UK^W7v�[lQLO}I�SU[Xc+VYNPFaG�n¨c+VYNPFaG:RTV!`YKMRTKMFaGe[�SU\lVYQLFLW�SUF�VYhL[�G}SUOM]PK#v�GeILKB`YK^]_VuOMN_G¨D
cL\JVUqL]PK�RTS|D�h+K�WLVYQLhd]PK�n�c.K^SU�UKMW�SU[gGeILK�ILSUFLW�WLK^OMK^]_K^\eS;GeK^[�N_F�GeILK�\lK^wYN_VYF�VUm=GeIdK
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K^\eS;GeNPFdwBRXQL[JOM]PK^[Mv+SUFLW [JVYRBKtRgQL[lO^]PKM[xS#GJGeSUO}I�S#O^\JVU[J[=G¨�~V �lVYNPFaGJ[^i '9[lNPFLw�GeIdKZhLSU[JN_O
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&sK��uVY\ �#K��EGeKMFL[JVU\2csS#NP\�NzG�NP[bc.VY[l[JN_hL]PK~GJV
&sK���S �lVYNPFaG|vUK��EGeKMFLWTNzG|vY[�GeN �{KMFBNzGrS#G@S/wUN_`YKMF
SUFLwY]_KtSUFLW \JK^]PS;��NzG|vsS#[k[JILV!�=F�N_F=3bNPwYQd\JK (ui)(ui

Contracted muscle

Flexor muscle

Extensor muscle

Tendon

Extended

Relaxed Stiffened

Flexed

3�NPwYQL\lK (ui)( / 3b]_K��uVY\ �;K��EGeKMFL[JVY\=RgQd[JO^]_KtcsSUNP\

��������� � ����� ��� 
 "�� � ���

£ QLRTSUF�RgQL[lO^]_K^[*`#SU\�D�N_F�[lGe\lK^FLw#GeI§m�\JVUR�SUh+VYQdG
. Q GeV ­ QRQ 
9K��kGeVYFd[oc.KM\/[J�HQsSU\lK
O^K^FaGJNPRBKMGe\lK(VUmsGJNP[J[lQLKUibjkILK^N_\bO^VUFHGJ\eSUO�GeN_VYFXGeN_RTKM[bO^SUFg\eS#FLwYK~m�\lVYR 5ui $ � �(GeV ­ QRQ � ��v
SUFLW�GeILK�GeVU\J�HQLK�wYKMFLK^\JS#GeKMW�S#GZS �lVYN_FHG/RfS|D§h+KBS��.K^OMGJK^W�haD§GeILK�\lK^]�S;GeN_`UKgRgQL[lO^]_K
SUOMGJN_`#S#GeN_VYF ]_KM`UK^]pv�GJILK�RgQd[JO^]_K�]PKMFLwUGJI7vbGeIdK�SUFLwY]_KfVUmkGJILK �lVYN_FaG|vbGJILK�RgQL[lO^]PKTO^VYFEn
Ge\eS#OMGeN_VYFT`UK^]_VuOMN_G¨DYvHGeIdK9GeKMRTc+K^\JS#GeQd\JK*V#m7GeILK9RgQL[lO^]PK#vEGJILK*]_KM`UK^]{V#m7m�S#GeN_wYQLK#vuS#FLWfGeIdK
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`uN_[JOMV#n¨KM]�SU[�GeNPOocd\JVYc+K^\�GeNPKM[kVUm GeILKoGeN_[J[lQLKtN_Ge[lK^]zm �
OoN_`UK^F�GeIdKZOMVYRBcL]PK �dNzG¨DfV#m�RXQL[JOM]PK/m�VY\lO^KowYKMFLK^\JS#GeN_VYF�N_GkN_[(NPRBc+VY[J[lNPhL]_K9GeV�S#O^O^QEn

\eS#GJK^]_DXRTVEWLKM]sSU]P]EGeILK=cL\lVYc+K^\lGJNPKM[@V#m7SoRgQL[lO^]_KUi ��S#GeILKMRfS;GeNPO^SU]LRBVuWdK^]P[b\eSUFLwUK(m�\JVYR
[JcL\lNPFLw [lDE[�GeK^RB[($¬CuILSUWLRBK^IL\tSUFdW�ª9\JhLN_h � ­�_5_ (Y¡�v ��O �oK^FdFsS�S#FLW �{K^]_G��^KM\B� ­�_5_ 2a¡�&
S#G�GeILK=RBVY[lG�[lNPRBcL]PN_[lGeN_O2]_KM`UK^]pvaGJVZ[lK^OMVYFLWfVU\JWLKM\rWLN �.K^\lK^FaGeNPSU]LRBVuWLKM]P[�N_FLO^VU\Jc+VY\eS#GJNPFLw
FLK^QL\JSU]kSUO�GeNz`US;GeNPVUF�]PK�`YK^]_[ $ y NPFaGeKM\J[�SUFLW�CHG}SU\l� � ­`_  5Y¡ &kSUFLW�IdNPwYI�VY\lWLK^\XFLVYFL]_NPFun
K|SU\x[lDE[lGJK^RB[*�=N_GJI�QLc GeVBqLm G¨D csSU\JSURTK�GeKM\J[ $ £ S#G �MK�� ­`_ 5  a¡ &pi £ NP]_]p« [(GeIL\lK^KZK^]PKMRTKMFaG
RTVEWLK^]aN_[ Sx]_VYFLwx[lG}S#FLWLNPFdw*SUFdW:c+VYcLQL]PSU\%RTVEWLKM]YGeIsS#G N_FLO^VY\lc.VU\eS#GJK^[%WLKMGeSUNP]_K^WtRgQL[lO^]_K
cL\JVYc+K^\�GeN_K^[xSUFLW NP[kOMVYFLO^KMcdGeQLSU]P]zD�[lGJ\eSUN_wYIaGJm�VY\��(S#\JW $ £ NP]_]r� ­`_ .  a¡ &pi

jkILKZ[JN_RTcd]PNP[�GeN_O*]PN_FLK|S#\k[JcL\lNPFLwBRTVEWLKM]7IsSU[9SB[lcL\JN_FLwBO^VYFL[�G}SUFaG �	�*S#FLW§S�G}SU\lwYKMG
]PK^FdwUGeI��¨i�ª(G*S�wYNz`YKMF�]_K^FLwUGJI���GeIdKtm�VU\JO^KtwYKMFLK^\JS#GeKMW�N_[ /

�AQ �	�¤��� 
���¡ ���	� � (Ei  a¡
Q Q ��
�� � (Ei _ ¡

jkILNP[TRTVEWLK^]=N_[TVUmtQd[JK�N_F�[�Du[�GeKMRT[f�=NzGeI�RTSUFaD�RgQL[lO^]_K^[^vkVU\T�=ILKM\JK§]PSU\JwYK [lO|SU]_K
VYcdGeN_RTN_[eS#GJNPVYF N_[*NPFa`UVY]_`UK^W�[JQdO}I�SU[*m�SUOMN�SU] SUFLN_RfS;GeNPVUF7i £ V!�2KM`YKM\^v7GJILKgRBVuWLKM]�WdVuKM[
FLVUG O|S#cdGeQL\lK§GeILK�K �uc.VYFdK^FaGeNPSU]*O}IsS#\eSUO�GeK^\lNP[�GeNPOM[�WLQLK§GJV�GeILK�[�Ge\JK�GeO}I¦\JK�&sK��.v/S#FLW
K��uc.VUFLK^FaGeNPSU]L[lcL\JN_FLwY[��2K^\lKkGeIHQL[�cL\lVYc+VY[JKMW7i�jkILKkK �dc+VYFLKMFaGeN�S#]d[Jcd\JNPFdwoNPFLOMVY\Jc+VY\eS;GeK^[
SUF�N_FLWLK � csSU\JSURTK�GeKM\ � � �=ILN_O}I�WdVuKM[xFdVUG=wYK^FdK^\eS#]P]_DT`#SU\lDUi

�AQ �	�
��� ����������� ����� � (ui ­ Q ¡
Q Q ��
�� � (ui ­Y­ ¡

jkILK2m�VY\lO^K@wYK^FdK^\eS;GeK^W�N_FZGJILK^[lK(RBVuWLKM]P[%RTS!Dth+K~\lK^wYQd]�S#GJK^WXhaDZO}IsSUFdwYNPFLwxGeILK@G}SU\lwYKMG
]PK^FdwUGeI��¨vUVY\1GeIdK2[lcL\JN_FLw9OMVuK�¥BO^NPKMFaG �	�|i ,~VUGeIZIsS|`YK2h.KMK^F:cL\JVYc+VY[lK^W7v#hLQdG�CuIsSUWLRBK^Id\
SUFLW�ª*\lhLNPh � ­`_5_ (Y¡*S#\JwYQLKgGJIsS#GoGJILK�\JKM[lGZ]PKMFLwUGeI�[lILVYQL]_W�h.Kg`#SU\lNPK^W�hsS#[JK^W�VYF�GeIdK
VYhL[JKM\l`#S#GJNPVYF�GJIsS#GTGeILK�m�VU\JO^K �#[lGJN �.FLK^[l[�\JKM]�S#GJNPVYFd[JILN_c�VUmoRXQL[JOM]PK^[fNP[�S�FLVYFun�]PNPFdK|SU\
m�QLFLOMGJNPVYF�GJIsS#GoWLVEK^[oFdVUGo`#SU\lD �=N_GJI�]_K^FLw#GeI7i 1@SU\JNPS#GeN_VYF�V#m@GJILK�[Jcd\JNPFdw OMVuK�¥BO^NPKMFaG
NP[(GeIdK^\JK�m�VY\JKZFLVUG=OMVYFL[lNP[lGJK^FaGx�=N_GeI KMRTcLN_\JN_O|SU]+qsFLWLN_FLwY[^i

£ NP]P]�«¬[ RBVuWLKM]LK��ucL]_NPOMN_Ge]zDZNPFLOMVY\Jc+VY\eS;GeK^[�GeILKkOMVYRTcd]PK��XK^]PSU[lGJNPO(cd\JVYc+K^\�GeNPKM[rVUm+RgQL[�n
O^]PKM[^i@CuVURTK�GeNPRBK^[b\JKMm�KM\J\lK^WTGJVXS#[�GJILK+*¬GJIL\JKMK�n�K^]PKMRTKMFaG|«HRTVEWLKM]pvYNzG�IsSU[rGeILKx[lGJ\JQLO�GeQL\lK
� ( ��� ����0
��� A 5 C#0
� ��:�;��!�'�/� *�@%&�) &�)��(����;��!�%�
��� &!)1&8� 9
� ����0B"=����0
*�� : / �,@.@%��� ;��'�/0 &!@#����3%;�� � &!�


B;��!:��,�2:�@%� &!�!� :?&��,@%� ����0 &�)��2:�)������%:�&����!� � &!�,:���@%" 
B;���:���� "=@ �!:�� 3 �������!��&��,@%� 5
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[JILV!�=F�NPF43bN_wYQL\JK�(ui/.di�jkIdK�[JK^\lN�SU]2K^]PSU[lGJNPOfKM]PKMRTKMFHGg[JNPRXQL]�S#GJK^[XGJILK�[lGJ\JK�GeO}I�GeIsS;G
VuOMO^QL\l[:N_F�GJILKBGJK^FLWdVYFL[^vbSUFLW�GeILKBcsSU\JSU]P]_K^]�K^]�S#[lGeN_O�K^]_K^RBK^FaGX[lNPRgQd]�S#GJK^[/GeIdKBm�VY\lO^KM[
wYK^FLKM\eS#GJK^W�haD�O^VUFLFLK^O�GeNz`YKTGJNP[l[JQLKM[X[JQd\J\JVUQLFLWLN_FLw�RgQd[JO^]_KBqLhL\JKM[^i jkILKfOMVYFaGe\JSUOMGJNP]PK
K^]PKMRTKMFaG�wYK^FLKM\eS#GJK^[rm�VY\lO^K=SUFLW�N_FLO^VU\Jc+VY\eS#GJK^[�S/RBVuWdK^]dV#m+GJILKk\JKM]�S#GJNPVYFd[JILN_cgh.K�G¨�~KMK^F
m�VY\JOMKZwUK^FLKM\eS#GJNPVYF SUFLW O^VUFHGJ\eSUO�GeN_]PK*`UK^]PVEO^NzG¨D /

� � � �	� � � ¡^��� � �	�����(¡PQ �	� � �����/� ­ � �	� ¡ � (ui ­ (Y¡
��N_[=GJILKtRgQL[lO^]PKom�VY\lO^K#v��TNP[=O^VUFHGJ\eSUO�GeN_]PK/`YKM]PVEO^NzG¨DYv	�	�*N_[=SBFdVYFun�`#SU\�DENPFLw�[JILSUc.KZcsS;n
\eSURBKMGJK^\^v��	��N_[bGeILKkRTS;�uNPRXQLR�QdFL]PVaS#WLK^W�OMVYFaGe\eS#OMGeN_]PK~`UK^]_VuOMN_G¨D�S#FLW � ��NP[�GJILKkRfS¤�En
NPRgQLR	N_[JVYRBKMGJ\JN_O/m�VY\JOMK:wYKMFLK^\JS#GeN_VYF���RgQL[lO^]PKtGeKMFL[JN_VYF��=NzGeILVUQdG*O}ILSUFLwYK:VUmr]PKMFLwUGJI'¡�i

Contractile element

Parallel elastic element

Serial elastic element

3bN_wYQL\lK (ui). / £ NP]_].GJIL\JKMK�n¨KM]PKMRTKMFHG=RXQL[JOM]PKtRTVEWLKM]

£ NP]P]�RTVEWLKM]P[/IsS|`UKTh+K^KMF��=N_WLK^]zD§QL[lK^W�S#FLW�WLKM`UK^]PVUc.KMW7iH3'VU\oK��dSURBcL]PK#v%SUF�K �Hn
GeK^FdWLK^W £ N_]P]'RgQL[lO^]_K/NPFLOMVY\Jc+VY\JS#GeKMW�RgQL[lO^]PK9c.KMFLFsS#GJNPVYF S#FLwY]PKx[JVgGJIsS#G(GJILKoSUFdwY]PK9VUm
S �lVYN_FaG=S��.K^OMGJ[xGJILKoGeVY\l�HQLKtwYK^FLKM\eS#GJNPVYF cL\lVYc+K^\lGJNPKM[kVUm�GJILK:S#GJGeSUO}ILK^W RgQL[lO^]_K^[^v'S#FLW
GeILKgRTS;�uNPRXQLR�m�VY\JOMKgSUFdW§RTVURTKMFHGJ[*VUm@S	�lVYNPFaG9NPF§STwYN_`UK^F�c+VY[JNzGeNPVUF�RTS|D�h+KXO^SU]zn
O^QL]PS#GeKMW Qd[JNPFdwB]_NPFLK^SU\~[�DE[lGeKMRT[x[JVU]_`YKMW��=N_GeI�GJILKo[JN_RTcL]_K��fRTK�GeILVEW $ ���VYRXQL\eSgK�GxSU]pi
� ­�_5_7_ ¡�&�i £ N_]P]p« [@RTVEWLK^]+�(S#[=SU]P[lVgQL[JKMW�S;G(GeILKoIdK|SU\�G=VUm SUF SUO^OMQL\eS;GeKo[JN_FLwY]_K*RgQL[lO^]_K
[JNPRXQL]�S#GJNPVYF�N_FLO^VY\lc.VU\eS#GJNPFLw�GeIdK�SUO�GeQsSU]@[JILSUc.KTVUm(GJILK�RgQL[lO^]_KfSUFdW�N_GJ[:[�Ge\JKM[J[�S#FLW
[lGe\JSUNPF�cd\JVYc+K^\�GeNPKM[^i�jkIdKo[JIsSUc+KtSUFLWfNPFaGeKM\JFsSU].cL\JVUc.KM\lGeN_K^[~�2K^\lKoRTVEWLKM]P]PKMWfQL[lNPFLwgSUF
N_GeKM\eS#GJN_`UK/qsFLN_GJKoK^]_K^RBK^FaGxRTVEWLK^]�$ �oV �lN_OoKMGxSU]�i%� ­�_7_  a¡�&�i

CuKMO^VYFdW�VY\JWdK^\fRBVEWLK^]_[��2K^\lK�cL\lVYc+VY[JKMW�NPF VY\JWLKM\T\lK^WLQdO^K�GJILK�OMVYRTcd]PK��uNzG¨D�VUm
[JVY]z`uN_FLwBRTVEWLK^]_[k[JQLO}I§SU[ £ NP]_]p« [^i�jkILKZ[JK^\lN�SU]1KM]�SU[�GeN_OZKM]PKMRTKMFHGxN_F�csS#\lGeN_O^QL]PSU\kRTSU�UKM[
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GeILK £ NP]P]@RBVuWLKM]~WLNz¥BO^QL]zGXGeV�[lVY]_`UKUi�CuVYRBK�[JKMO^VYFLW�VY\lWLK^\�RBVEWLK^]_[XNPFdO^VY\lc.VY\JS#GeKfS
[JK^\lN�SU].K^]PSU[lGJNPO*KM]PKMRTKMFHG^vdhLQuG(GeILVU[JK*GJIsS#GkWLVXFLVUG=SU\lK/\JKMcL\JKM[JKMFHGJK^W haDfGeIdK*m�VY]P]_V!�=NPFLw
K^�HQsS#GJNPVYF3/

� $ � �$ � � � Z $ �$�� ��� � Q�� � � (ui ­ .a¡
� /�@ �� @-N_[oSfm�QLFLO�GeN_VYF�\JKMcL\JKM[JK^FaGJNPFLw �lVYNPFaG/SUFLwY]_KgVY\*GJVY\J�HQLK#v�S#FLW �./�@ �� @
\JK^cd\JK^[lK^FaGe[TK^NzGeILKM\gFLK^Qd\eSU]=SUO�GeNz`US;GeNPVUF VY\�K �uGJK^\lFsSU]k]PVYSUWLNPFdwLi � ;�Z ; � S#FLW���G¨DEcLNzn
O|SU]_]_DT\JK^cd\JK^[lK^FaGxNPFLKM\lGJN�SdvH`ENP[JOMVY[JNzG¨DYvLKM]�SU[�GeN_O^N_G¨DTSUFdW wYSUNPF�\lK^[lc.KMOMGeNz`YKM]_DYi y ILN_]PK/[lQLO}I
RTVEWLK^]_[BSU\JK�\JK^]PS#GeNz`YKM]_D�K^SU[lD�GeV�[JVY]z`YK#v(Ge\JK^S#GeN_FLw�GeILK�RgQL[JOM]PK � �lVYNPFaGB[lDE[�GeK^R SU[TS
hL]�SUO}��h.V|�§cL\JVEO^KM[J[^v1GJILKMD�S#\JK�]PN_RTNzGeKMW7i/jkILK�RBVuWLKM]bVYFd]_D�IsSU[oVYFLK�N_FLcLQdGt[lV�GeIsS;G
[JK^OMVYFLWsS#\lD�N_FLcLQdGJ[([JQdO}I�S#[(RgQL[lO^]PK9O^V#n¨SUOMGJN_`#S#GJNPVYFB]PK�`YK^]_[(RgQL[�G(h+K/\JKMcL\JKM[JKMFHGJK^W�SU\�n
GeN_qLO^N�S#]P]_D§hHD�csSU\JSURBKMGeKM\gRTSUFLNPcdQL]�S#GJNPVYF{v�S#FLW GeIdK�csSU\JSURTK�GeKM\:`#SU]PQdK^[XGJILK^RB[JKM]_`YKM[
O}IsSUFLwYKfSU[:S m�QLFdOMGeN_VYF�VUm(G}S#[J��SUFLW�KM`UK^F m�VY\tWLN �{KM\JKMFHG:VYc+K^\JS#GeN_FLw \eSUFLwUK^[XV#m~GeIdK
[eSURBKoG}SU[l�+i

£ Qu�u]PKMD�RBVuWdK^]P[BSU\lK�S#F�K��EGJ\JK^RBK^]zD SUO^OMQL\eS#GJK§SUFdW�O^VURTcL]_NPO^S#GeKMW WLKM[JOM\JNPcuGeNPVUF
VUm@RgQL[JOM]PKXSUOMGJNPVYF7i*jkILKMD�\JK^cd\JK^[lK^FaGtGeILKXh.VYFdWLNPFLw���O^VUFHGJ\eSUO�GeN_VYF'¡9S#FLW§QLFHh+VYFLWLN_FLw
��K��EGJK^FL[lNPVYF'¡t\eS#GJK^[ZVUmkS#OMGeN_F S#FLW RXDUVY[JN_F RBVY]PKMO^QL]_K^[oN_F�N_FLWLN_`EN_WLQsSU]�RXQL[JOM]PK�qshL\JKM[
QL[JN_FLwTcLSU\lGJN�SU].WLN �.K^\lK^FaGeNPSU]7K^�HQsS;GeNPVUFL[k�=N_GeI cL\lVYhsSUhdNP]PNzG¨DBWLNP[�Ge\JN_hLQdGJNPVYFL[0/��� �� �	�

�

 �.� � ¡ �
� �� � � � Q � ���.¡ 
¦� � ���.¡ � �%� �.¡J¡ �����2; � ¡ � (ui ­ $H¡

� N_[:S cL\lVYhsSUhLN_]PNzG¨D§WLN_[lGe\lNPhLQuGeNPVUF�\JK^cd\JK^[lK^FaGeN_FLw�GJILKT\JS#GeN_V VUm(RBVY]PKMO^QL]PSU\/h+VYFLWLN_FLwLi
jkILK�NPFLWLKMc.KMFLWLKMFHGZ`#SU\JNPSUhL]_K^[oSU\lKgGeN_RTK � v%S#FLW�]PK^FdwUGeI �%i � SUFLW���\JKMcL\JKM[JKMFHGZGeIdK
h.VYFdWLNPFLwtS#FLW�QLFHh.VYFdWLNPFLwo\JS#GeKkcLSU\eSURBKMGJK^\l[^i �:\JKMcL\JKM[JK^FaGJ[@GJILKk\eS#GJK(VUm.O^VYFaGJ\eSUO�GeNPVUF
VUm@SUF�SUO�GeNPF �#RXDYVU[JNPF�csSUNP\Mi*jkILK�\JS#GeK:csSU\JSURTK�GeKM\J[oSU\lK:G¨DEcLN_O|SU]_]_D cLNPKMO^K��=NP[JKX]PNPFdK|SU\
m�QLFLOMGJNPVYFd[2VUm �%irjkILNP[@K^�HQsS;GeNPVUFTN_[2S;G@GJILKxILK|SU\�G~V#m £ QE�d]_KMD�G¨DEc.KxRBVuWLKM]P[@SUFLWTVYFLOMK
�r���2; � ¡rILSU[rh.KMK^FBO|SU]_O^QL]PS#GeKMW�N_GrRTS|DXh+K=QL[JKMWBGJVoO|SU]_O^QL]PS#GeK~RTVY\lK(QL[lKMm�QL]scL\lVYc+K^\lGJNPKM[
[JQLO}I�SU[/GeIdKgm�VY\JOMK�wYK^FLKM\eS#GJNPVYF�N_F§GeKM\JRB[/VUm2SUOMGJN_`#S#GJNPVYF§]_KM`UK^]rSUFdW�OM\JVY[l[o[JKMOMGeN_VYFsSU]
RgQL[JOM]PKkS#\JK|Sui £ QE�d]_KMDZG¨DEc.K(RBVEWLK^]_[�K �dcd]�SUN_F:GeIdK~m�QL]P]E\eS#FLwYK~V#m']PK^FdwUGeILKMFLNPFdw*RgQL[lO^]_K
cLILK^FdVYRTKMFsSf�=ILKM\JK|S#[oKM`YKMF�GeILK £ NP]_]%RTVEWLK^]_[9O^SUFLFLV#G/WLKM[JO^\lNPh+K�SU]_]�S#[Jc+K^OMGJ[oVUmrGeIdK
Ge\eS#FL[JN_K^FaG�]_K^FLwUGJILK^FdNPFLw9\JK^[lc.VUFL[JKk[lK^K^F�N_FXN_[JVY]PS#GeKMWXRgQL[lO^]_K~[lGJQLWLN_K^[^i '9Fdm�VU\lGeQdFsS#GeKM]_D
ILV!�~K�`YK^\Mv £ Qu�u]PK�D RTVEWLK^]_[*S#\JK:GJVuVfRfS#GJILK^RTS#GJNPO|S#]P]_DTO^VURTcL]_K�� GeVfh.K:QL[JKMW�NPF§S#FHD
cL\eSUO�GeN_O|SU]7cd\JVYhL]_K^R�N_Fa`YVY]z`uN_FLw�IHQLRTSUF�RBV!`YKMRTKMFHG^i
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6-7�� � G�JKALGH< � ��G-IFEFB�JKALGH< D�: � G�J�D � � � �

P¨FBGJILNP[�[lK^O�GeNPVUFB\lK^[lK|SU\lO}IT\lK^waSU\lWLNPFdwoILV!��GeIdKkhL\eSUN_FgGe\JSUFL[lm�VU\JRB[�RTV#GeNPVUFgwYVaSU]_[�NPFaGJV
Ge\eS �lK^OMGJVY\JN_K^[@SUFLWBRBVUGeVY\rOMVYRBRfSUFdWL[rNP[r\lKM`ENPK��~KMW7i0,~KMm�VY\lK=K^RghsS#\J�HNPFLwtVYFBSt[JQL\�`YK�D
ILV!�~K�`YK^\9N_G=N_[=SUcLcL\lVYcL\JNPS#GeK/GJV�RfSU�#KtO^]PK^SU\kO^KM\lGeSUNPF�GeKM\JRBNPFLVU]PVYwUDUi

jkILKZGeKM\JRB[9N_FHGJ\JN_FL[JN_O �#K �uGJ\JN_FL[JN_OZOM]�SU\lN_m D�GJILKX[lcsSUOMKXNPF �=ILNPO}I�cL]�SUFdFLNPFLw�VEO^OMQL\J[Mi
�^ ��a  �lVYNPFaGfSUFLwY]_K�[lcsSUOMK§NP[ � �s�"� � � � �p� GJV�GeIdK�IHQLRTSUFLVYN_W7v~�=ILKM\JK|S#[fGeILK�K��EGeKM\JFsS#]
GeIL\lK^K@WLNPRBK^FL[lNPVYFLSU]YK^Fa`ENP\lVYFLRBK^FaG NP[(� � � � � � � �p��i ª�RTVEWLKM]UGeIsS;G�cd]�SUFL[%RBV!`YK^RBK^FaGJ[�N_F
GeK^\lRT[ VUmdc.VY[�GeQL\lK^[�VUmdGJILK2IHQLRTSUF:h.VEWdDZSUFLW:csS#GJIL[�N_F �lVUNPFaG [JcsSUOMK2N_[ GJIHQL[�N_FaGe\JN_FL[JN_OUv
SUFLWTStRBVEWLK^]dGJIsS#G�cL]PSUFL[rRBV!`YK^RBK^FaGJ[@N_F�GeK^\lRT[rV#m.GJIL\JKMKxWdNPRBK^FL[lNPVYFsS#]uGe\JS��lK^O�GeVY\lNPKM[
NPF�GeILK=\JK^SU]L�2VY\J]_WTN_[@K �EGe\JN_FL[JN_OUi � �EGe\lNPFL[lNPO=cL]PSUFLFLN_FLw/G¨DEcLNPO^SU]P]zD�SU[l[JQLRBK^[�GeIsS;G2[lVYRBK
VYFun¨]_NPFLKXcL\JVEO^KM[J[tVY\/Ge\lN_`EN�S#]�RTSUcLcLN_FLw�O|S#]PO^Qd]�S#GJK^[*GJILK��lVYNPFaGZSUFdwY]PKM[/O^VY\l\JKM[Jc+VYFLWLN_FLw
GeVB[Jc+K^O^NzqsO"M(SU\lGJK^[lN�SUF wYVaS#]P[^i

jkILKgGJK^\lRT[/�HN_FLK^RTS#GeN_O �#WuDuFLSURTN_O���NPF�GJILNP[*O^VYFaGeK �EG ¡*\JK�m�K^\tSUwYSUNPF�GJVfGeIdK�[JcsSUOMK
NPF��=ILNPO}I�cd]�SUFLFdNPFLw�VEO^O^Qd\J[^i �oN_FLK^RTS#GeN_O�[JcsS#O^K�N_FLO^VU\Jc+VY\eS#GJK^[Bc.VU[JN_GJNPVYF�SUFdW�N_G^«¬[
WLK^\lN_`#S#GeNz`YKM[^v�hLQdG�WLVEK^[�FLV#G�NPFLOM]PQLWdK�RfS#[J[^i �*DEFsSURBNPOf[lcsSUOMK N_FLO^VU\Jc+VY\eS#GJK^[gRTSU[l[
SUFLW m�VU\JO^K#i�ª RTVEWLKM]/GeIsS#G cL]PSUFL[ RTV!`UK^RBK^FaG��=NzGeILVUQdG \JK^wYSU\JW GeV�GeILK�RgQL[lO^]_K
SUOMGJN_`#S#GeN_VYFBVY\@m�VU\JO^KM[(\JKM�HQLNP\lK^WfGJVXhL\lNPFLwXSUh.VUQdG2GJILK*RBV!`YKMRTKMFHG(NP[�GeIHQL[(�HNPFdK^RTS#GeN_OUv
�=ILNP]_K=StRBVEWLK^]dGJIsS#G�cL]PSUFL[rRBV!`YK^RBK^FaG@NPFgGJK^\lRT[rVUm �lVYN_FHGrGJVY\J�HQLKM[�VY\rRgQL[lO^]PKkm�VY\lO^KM[
NP[%WdDEFsSURBNPO#i �oNPFdK^RTS#GeN_O�cL]�S#FLFLNPFdw(G¨DucdNPO|S#]P]_D/SU[J[lQLRBK^[%GeIsS#G [lVYRTK�VYFEn¨]PN_FLKbm�KMK^WLhsS#O}�
cL\JVEO^KM[J[=G}SU�#K^[xO|SU\lKZV#m�GJILKZSUcLcL\lVYcL\JNPS#GeK/m�VU\JO^KowUK^FLKM\eS#GJNPVYF7i
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ª*RBVYFLwoGeILKk[lNPRBcL]PKM[lGrV#m{RBVUGeN_VYFXGJILK^VY\lNPKM[�SU\JK(GJILVY[JK=K �LS#RTN_FLK^W�haD�
9KM]P[lVYF�� ­�_  .a¡�i

9K^]_[JVYFtN_FH`UK^[�GeNPwYS#GeKMWZK �EGe\JN_FL[JN_Or�HNPFLKMRfS#GJNPO�RTVUGJNPVYF*cL\JVEWLQLO�GeNPVUF7v!O^VYFd[JNPWdK^\JN_FLw M(SU\�GeK�n
[JN�S#F§c.VUNPFaGln�c.VYN_FaGkGe\eS �lK^OMGJVY\lD�cL]PSUFLFLN_FLwB�=NzGeI§\lK^[lc.KMOMG/GJVfO^KM\lGeSUNPF§VUcdGeN_RfSU]_N_G¨DTO^VYFEn
[lGe\JSUNPFaGJ[^i M~VYFL[�Ge\eS#NPFaGe[(N_FLO^]_QLWLKMW�RTV!`YKMRTKMFaGkGeNPRBKUvEWLN_[lG}S#FLO^K#vLc.K^SU�T`UK^]_VuOMN_G¨DYvd�EN_FLK�n
RfS#GJNPO:K^FLKM\JwUDUv7c.K^SU�§S#O^O^KM]PKM\eS#GJNPVYF�SUFLW �lK^\l�'i � NPFLN_RgQLR	`YKM]PVEO^N_G¨D DENPKM]PWL[/SfcLNPKMO^K n
�=NP[JK OMVYFL[lGeSUFaG�`YK^]_VuOMN_G¨D cL\JVUqL]PK��=N_GJI�SUF�NPFdqsFdN_GeK S#O^O^KM]PKM\eS#GJNPVYF�cL\lVUqs]_KUi ��V#GeNPVUF
NP[:S ]_NPFLK^SU\oNPFaGeKM\Jc+VY]�S;GeNPVUF�h.K�G¨�~KMK^F�[lGeSU\lGXSUFLW�G}S#\JwYK�GXc+VYNPFaGJ[^i M~VUFL[lGJ\eSUN_FLNPFLw GeIdK
SUO^OMK^]PKM\eS#GJNPVYF�DENPK^]_WL[:S�caDE\eSURBNPW�[JIsSUc+K^W�`YK^]_VuOMN_G¨D�cL\lVUqs]_KB�=NzGeI�S cLNPKMO^K��=NP[JKTO^VYFEn
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[lG}S#FHG9SUOMO^KM]PK^\JS#GeN_VYF�cL\lVUqs]PK#irjkILKoGe\JS��lK^O�GeVY\�DfGeIHQL[xSUOMO^KM]PK^\JS#GeKM[km�\JVYR �^K^\lV�`YK^]_VuOMN_G¨D
QLc�GJV S RTS;�uNPRXQLR�S;GZS c+VYN_FHGtILSU]_m �~S|D§h+KMG¨�2K^K^F [lG}S#\lGZSUFLW�G}S#\JwYK�Gtc.VYN_FaGe[^v%S#FLW
WLK^OMK^]PKM\eS#GJK^[x[lDERBRTK�Ge\JN_O|SU]_]_DUi
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,~KMDUVYFLW�GeILN_[(cLQL\lK^]zDfRTS#GeIdK^RTS#GeN_O|SU]'SUcdcL\JVaS#O}I�S#FLW�hsSU[lK^W�VYF�KMRTcLN_\JN_O|SU]'KM`EN_WLK^FLOMK
N_G=IsSUW h+K^KMF�FLV#GeK^W haD RfS#FHD�SUQdGJILVY\J[kGJIsS#G=IHQLRTSUFL[=VUm GeKMF cL\JVEWLQLOMKZ[lRTVEVUGJI RBV#n
GeNPVUFL[2�=NzGeIfh+K^]_].[lIsSUc+K^Wf`UK^]_VuOMN_G¨DBcL\JV#qs]PKM[^irjkILN_[~NP[@FsS#GJQL\eS#].wYNz`YKMFfGeILK9RTKMO}IsSUFLN_O|SU]
\JK^�HQLN_\JKMRTKMFHG@GeVZSUOMO^KM]PK^\JS#GeKxSUFdWTWLKMO^KM]PK^\JS#GeK=GeIdKx]_NPRghd[b�=N_GJITOMVYFaGeNPFHQLVUQL[r`YK^]_VuOMN_GJNPK^[
GeIsS#GTWLV�FLV�WsSURTSUwYK�GeILK RgQL[lO^QL]_V#n¨[l�UKM]PKMGeSU]k[lDE[�GeK^R i ,2D�OMVYFL[lNPWLKM\JNPFdw�K �uGJ\JN_FL[JN_O
�EN_FLK^RTS#GJNPOTGJ\eS��lKMOMGJVY\lD�cL]�S#FLFLNPFdwLv�N_GXIsSU[gh+K^KMF�cL\JVYc+VY[lK^W�GeILS#GgGe\JS��lK^O�GeVY\lNPKM[X�=N_GJI
RTN_FLNPRgQdR�VUm �lKM\J��� GeILKBWLK^\lN_`#S#GJN_`YKBVUm=S#O^O^KM]PKM\eS#GJNPVYF'¡*OM]PVY[lK^]zD�RfS#GJO}I IHQLRTSUF RBV#n
GeNPVUF $ 3b]PSU[JI�� ­`_  R.a¡ v £ VUwaSUF�� ­�_  $H¡�v 3b]�SU[lI SUFLW £ VYwYSUF�� ­�_  $ ¡�&�i
P�G NP[�[lQLwYwYKM[lGJK^W GJIsS#G [JQLO}I RTV#GeNPVUF K|SU[lK^[�GJILK�RTKMO}IsSUFLN_O|SU]ohdQL\JWLKMF VYF GeIdK

RgQL[JOMQL]PV;n¨[J�#K^]_KMG}S#]s[lDE[lGJK^R SUFLWBNP[rN_FBwUK^FLKM\eSU]'O^VUFL[JN_[lGeKMFaG@�=NzGeI�GeVY\l�HQLK=O}IsSUFLwYKxRBNPFun
NPRBNP[eS;GeNPVUF $ ��VY\JSU[J[lV�� ­`_  ­ ¡ vsª*h+K^FLW§K�GoSU]�i � ­�_  (Y¡�&�v.SU[9WdNP[JOMQL[J[lK^W�h+K^]_V¤�ti P�G*SU]P[lV
DuN_K^]_WL[*GeIdK�NP[JVEO}IL\lVYFaD§cL\lNPFLOMNPcL]_KXSUOMO^VY\lWLNPFdw�GeV��=ILN_O}I�[lK^wYRBK^FaGJK^W�O^VYRBc+VYFLK^FaGJ[oVUm
IEQdRfSUF RTV#GeNPVUFL[BSU\JK c.KM\lm�VY\lRTKMW�N_F [lNPRBNP]�S#\XGeN_RTKM[TS#FLW GJILK �� c+V!�~KM\f]PS!� GeIsS;G
K��ucL\JKM[J[lK^[�S�WLN_\JK^O�G \JKM]�S#GJNPVYFL[lILNPc h+KMG¨�2K^KMF GeIdK�`UK^]_VuOMN_G¨D S#FLW¦GJILK�O^Qd\l`#S#GeQd\JK�VUm
IsSUFLW Ge\JS��lK^O�GeVY\lNPK^[ $ 1/Nz`uNPSUFLNoS#FLW 3�]�SU[lI � ­�_5_ $ ¡�&�i CuNPFLOMK�RTVUGJNPVYFd[�SU\JK�cL]PSUFLFLKMW
�=N_GeI�\lK^[lc.KMOMGoGeVTG}SU\lwYKMG*c.VYN_FaGe[/N_FFM(SU\�GeK^[lN�SUF�[lcsSUOMKUv7Ge\JS��lK^O�GeVY\lNPKM[/SU\lKX�~VU\J�H[JcsS#O^K
NPFLWLKMc.KMFLWLKMFHG~SUFLWBc+VYNPFaGln�c.VUNPFaG�Ge\JS��lK^O�GeVY\lNPKM[2S#\JK=[lGJ\eSUN_wYIaG|i £ V � SUFLWBª*\lhLNPh�� ­�_5_ .a¡
m�VY\JRgQd]�S#GJK^W�RBNPFLN_RgQLR �lKM\J��Ge\JS��lK^O�GeVY\�D�wYKMFLK^\JS#GeN_VYF�QL[lNPFLw�S#F VYFun¨]_NPFLK�m�KMK^WLhsS#O}�
\JQL]_KUv7WLKMRTVUFL[lGJ\eS#GJNPFLwBGeIsS#G/N_G/O^SUF�SU]_[JV�h+K�SUOMO^VYRBcL]PN_[JILKMW��=N_GJILVYQdG*K��ucL]_NPO^NzG*cd]�SUFun
FLNPFLwdi

�/FLKZcsSU\�GeNPOMQL]�S#\xOMVYRBcL]�SUN_FaGxSUwaSUN_FL[lGxGeILKZRBNPFLN_RgQLR �lKM\J� RBVuWLKM]%NP[=GeIsS#G9h+K^NPFdw
K��EGe\lNPFL[lNPOUv�c.VUNPFaGln�c.VYN_FaGtRTVUGJNPVYFd[tSU]_�~S|Du[ZDENPK^]_W�[�Ge\JSUNPwYIaGZ]PN_FLK�csS#GJIL[XQLFd\JK^]PS#GeKMW�GJV
GeILKk�2VY\J�H[JcLSUO^Kx\JKMwYNPVYF{i ��SUFaD�K �dcd]�SUFsS;GeNPVUFL[bm�VY\�GJILNP[rOMQL\l`#S#GJQL\JKxSU[l[JK^\�G�GeIsS#G�cd]�SUFun
FLNPFLwTVuOMO^QL\l[oSU[9Sf[lGJ\eSUN_wYIaG*]_NPFLKtN_F�[JVURTK:FLVYFun � QdO^]PN_WLK|S#F�[lcsSUO^K#iB�^ ��a  �lVUNPFaG/S#FLwY]PK
[JcsSUOMKUv'�HNPFsS#K^[lGJILKMGJNPOt[JcLSUO^K:SUFLW c+K^\JOMK^cdGJQsSU]_]_D�WdNP[lGJVY\lGJK^W `ENP[JQLSU]1[JcsS#O^KUi
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P�GX�~SU[gVYhL[lK^\�`YK^W�GJIsS#G:G¨�~V
�lVUNPFaGXRBV!`YKMRTKMFHGJ[gNPF�GeILKB`YKM\lGeN_O|SU]@cL]PSUF�GJK^FLW GJV�QL[lK
Ge\eS �lK^OMGJVY\JN_K^[xGeIsS#G/SU\JK:[lGJ\eSUN_wYIaG*N_F��lVYN_FHG�n�SUFdwY]PKt[JcLSUO^K $ CuVEK^O}IaGeN_FLw�SUFdW �%SUO^�HQsSUFdN_GeN
� ­�_  ­ ¡�&�v1SUFLW�GJIsS#GtWL\JS!�=N_FLw�RBV¤`UK^RBK^FaGe[t\lKM`YK^SU]�SUFLwUQL]�SU\9O^V!`#SU\JNPS#GeN_VYF $ CuVEK^O}IaGeN_FLw
KMG�SU]�i2� ­�_  2a¡�&�i jkILK^[lK�VYhL[JKM\l`#S#GJNPVYFL[:]PK^SUW GeV GeILKfIHDEc+VUGeIdK^[JN_[XGeILS#GgRBVUGeN_VYFL[ZSU\lK
cL]�SUFdFLK^W�SU[=[lGJ\eSUN_wYIaG=]PNPFdK^[(N_F N_FaGe\JN_FL[JN_O �lVYN_FHGxS#FLwY]PKo[lcsSUOMKUi
P�G*IsSU[oSU]_[JVTh.KMK^F�VYhL[lK^\�`YK^W�ILV!�2KM`UK^\^v1GJIsS#GoSTwYK^FLKM\eSU]��HNPFLKMRfS#GJNPOZcL\JVUc.KM\lG¨D�VUm

G¨�~V�]_NPFL�fRTKMO}IsSUFLN_[JRB[9N_[=GJILK:GJK^FLWdK^FLO�D�VUm�GeILK �lVYNPFaG9SUFLwU]PKt\eS#GJNPVY[kGJV�SUcLcd\JVaSUO}I�S
O^VYFL[�G}SUFaGg`#SU]_QLK�S;G:GJILK�h+VYQLFLWsS#\lD�VUmkGeIdKT�2VY\J�H[JcLSUO^K $ £ VY]_]PKM\JhsSUO}I SUFLW�ª(GJ�UKM[JVYF
� ­�_  2a¡�&�i P�G �~SU[ m�QL\lGJILK^\�SU[l[JK^\�GeKMW GeILS#G�S�[�Ge\eS#NPwYIaG�Ge\JS��lK^O�GeVY\�D NPF �lVYN_FHG S#FLwY]PK
[JcsSUOMK§DENPK^]_WL[�S�O^VYRBcL]PK ��KMFLWun�c.VYN_FaGTGJ\eS��lKMOMGeVU\lD�N_F M(SU\�GeKM[JN�S#F O^VEVY\JWLN_FsS#GJK^[�S#FLW
O|SUFLFdVUG§S#O^O^VUQLFaG m�VU\ GJILK�\JVYQdwYIL]_D�[lGe\JSUNPwUIHG ILSUFLW Ge\eS �lK^OMGJVY\JN_K^[ NPF m�\lVYFaG�V#mXGeIdK
h.VEWdD $ £ VY]_]PKM\JhsSUO}I�� ­�_5_ Q ¡ &pi
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jkILK:�HN_FsSUK^[�GeILK�GeN_OZRBVEWLK^]�$ y SUFLF KMGxSU]�i%� ­�_   a¡�&7NP[=Sg`ENP[JOMV#n¨KM]�SU[�GeN_O/RTN_FLNPRXQLR �lKM\J�
RTVEWLK^]�i P¨FL[�G}SUFaGeSUFLK^VUQL[2[�Ge\lKMGeO}ITNP[rWLK�GeKM\JRBNPFLKMWThaDgGJILK=[JcL\lNPFLwZSUFLWBWsSURBcLN_FLwoO}IsSU\�n
SUOMGJK^\JN_[lGJNPO^[ZVUmk]_NPRgh�GJNP[J[lQLKfNzGe[lK^]_m�v�SUFLW�\JK�&sK^O�Ge[XGJILKfN_FHGJK^\lFsSU]�WLKMm�VU\JRTS#GeN_VYF�VUm(GeIdK
RfSU[l[oWLNP[�Ge\lNPhLQdGJNPVYF{i/jkILK�VYcdGJNPRTSU]%Ge\eS �lK^OMGJVY\lD�RTN_FLNPRBNP[lK^[ �lK^\l��V!`YKM\tS�[JQLR�VUm�NPFun
[lG}S#FHGeSUFLKMVYQL[ [lGe\lKMGJO}IgSUFLWoGJILK�c.VY[lN_GJNPVYFoVUmEGeIdK@OMK^FaGe\lK�VUmdRTSU[l[^i�P�G�RTS|D/h+K�\JK^wYSU\JWLKMW
SU[oSfRBNPFLN_RTN_[eS#GJNPVYFfVUm�h.V#GeI§N_FHGJK^\lFsSU]�SUFLW§K �uGJK^\lFsSU] �lKM\J�'itCuN_FLO^K:GeILK:NPFaGeKM\JFsSU] WLK n
m�VY\JRTS#GeN_VYF�WLKMc.KMFLWL[�VYF ]PNPRXh�RfS#[J[ SUFLW¦SUOMO^K^]_K^\JS#GeN_VYF GeILK�RBVuWLKM]/NP[�WuDuFLSURTN_OUi
jkILNP[gRBVEWLK^]rDENPKM]PWL[:[J�UK��~KMW h+K^]_]2[lIsSUc+K^W�`UK^]PVEO^NzG¨D�cL\JVUqL]PK^[:[JVYRBKMGJNPRBK^[ZVYhL[lK^\l`UK^W
NPFfIHQLRTSUF�RBVUGJNPVYFL[Mi��/K�`uNPS#GeN_VYFL[�m�\JVYR�GJILK �� c+V!�~KM\(]�S|� WLQdK9GeVZ`YKM]PVEO^N_G¨DB[l�UKM�=N_FLwGeV!�(S#\JWL[=GeILKtVYFd[JKMGxVUm�RBV¤`UK^RBK^FaGxVYhL[lK^\l`UK^W§N_F K^RBcLNP\lNPO|S#]{WsS#GeS�SU\JKo\lK^cL]_NPO|S;GeK^W{i
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y VY]_c.KM\lGxKMG*SU]�i%� ­�_7_ $H¡~O|S#\J\JN_K^W VYQdG9h.V#GeI `uN_[JQsS#]1K��uc.KM\JN_RTKMFHGJ[xGJVTWdKMGeKM\JRBNPFLKZc+K^\�n
O^K^Nz`YKMW�OMQL\l`#S#GJQL\JK#v'SUFLW�RBVUGeN_VYF�K��uc+K^\lNPRBK^FaGe[(GJV�RTK^SU[JQL\lK/GeILKoOMQL\l`#S#GJQL\JKtVUm IsS#FLW
RTV!`YKMRTKMFaGe[^i2j�\JS��lK^O�GeVY\lNPKM[=�2K^\lKXWLN_[JcL]PS|DYK^W GeV�[lQLh �lK^O�Ge[x�=ILVT�2K^\lKXSU[l�UKMW�GeVBO^]PSU[�n
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[JN_m D�GeIdK�O^QL\�`#S#GeQL\lK SU[gOMVYFLO|S|`UK VU\XO^VUFH`UK��.i jkIdK^NP\:\JKM[JQL]zGe[�O^VUFdqs\JRBK^W�S�O^VYFL[lNP[�n
GeK^FaGgGJ\JKMFLW�SU]P[lV§VYhL[lK^\�`YK^W�haD13sVY]_KMD � ­�_  Q ¡ZSUFLW�\lKMm�KM\J\JKMW�GeV�SU[ZGeILK�* ª9cLcsSU\lK^FaG
m�\JVYFaGeV;n¨csSU\JSU]P]_K^]ucL]�SUFdKU« /�S#G@m�SU\rWLN_[lG}S#FLO^KM[~O^VUFH`UK��TO^Qd\l`YKM[kSUcLc+K|S#\ &sS#G|vESUFLWfS#G@FLK|S#\
WLNP[�G}SUFLOMK^[�O^VUFLO|S|`YKxO^Qd\l`YKM[~S#cLc.K^SU\K&'S#G^i�jkILK�D�K^[�G}SUhL]_NP[lILK^WBSoO^VY\l\JKM]�S#GJNPVYFX�=NzGeI�GeIdK
O^QL\�`US;GeQL\lKTVUm2IsSUFdW�RBVUGeN_VYFL[tSUFdW�OMVYFLO^]_QLWLKMW�GJIsS#GZRTV#GeNPVUFL[/RTS!D§h.K�cL]PSUFLFLKMW�N_F
`uN_[JQsS#]P]_DfWLNP[�GeVY\�GeKMW K �EGe\JN_FL[JN_Oo�HNPFLKMRfS#GJNPOo[lcsSUO^K#i
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jkILK�RTN_FLNPRgQdR �lK^\J�9`uN_\lGJQsSU]#GJ\eS��lKMOMGJVY\lD*O^VYFaGe\lVY]'� � + 1/jx¡7IaDEc.VUGJILK^[lNP[�$ 3b]�SU[lIB� ­�_  5Y¡�&
SUWLWL\lK^[J[lK^[kGeIdK9�2VY\J�H[JcLSUO^KtSUFdW�O^QL\�`#S#GeQL\lK/NP[l[JQLKM[(VUm7GJILK/RBNPFLN_RgQLR �lK^\J�BRBVuWLKM]'hHD
[JQLwYwUK^[lGJNPFLw�GJIsS#G�RBVUGeVU\:cL]PSUFLFLN_FLw§VEO^OMQL\J[�N_F�K��EGe\lNPFL[lNPO�[lcsSUO^K��=IdNP]PKfSUOMGJQsSU](RBV#n
GeNPVUF�NP[khL\lVYQLwYIaGxSUh+VYQdGkhaD ���9n�[JK^\�`YVBhsSU[lK^W O^VYFaGJ\JVY]1N_F SgWdDEFsSURBNPOoK^Fa`ENP\lVYFLRBK^FaG|i
jkILK * `ENP\lGJQsSU]7GJ\eS��lKMOMGeVU\lD+«'O^VYFLOMK^cdG9[JQdcLc.VU[JK^[9GeIsS#G9S � 
��"�E���(GJ\eS��lKMOMGeVU\lD NP[=QL[lK^W�S#[
S wYQdNPWLK�m�VY\tSUO�GeQsS#]rRTVUGJNPVYF�cd\JVEWLQLOMGJNPVYF{iTª ���9n¨[lK^\l`UV�N_[tS [lcL\JN_FLw�S#FLW�WLSURTc+K^\
[lDE[lGJK^R �=ILKM\JK�GeILK S#O^O^KM]PKM\eS#GJNPVYF�N_[�S§]PNPFdK|SU\:O^VYRghdNPFsS#GJNPVYF VUm=GeILK WLN_[JcL]PSUO^KMRTKMFHG
h.K�G¨�~KMK^F§S#OMGeQLSU]%SUFLW�G}S#\JwYK�Gkc.VU[JN_GJNPVYFd[^vLS#FLW GJILKoO^Qd\J\JKMFaGx`UK^]_VuOMN_G¨DYi�P¨F GeIdK � + 1/j
RTVEWLK^]xGeILK�ILSUFLW `ENP\lGJQsSU]xGe\eS �lK^OMGJVY\lD�NP[�WLKM\JNz`YK^W¦SUOMO^VY\lWLNPFdw�GeV�RBNPFLN_RgQLR �lK^\l�+v
hLQdG�RBVUGJNPVYF�VEO^O^Qd\J[fhaD wYK^FdK^\eS;GeNPFdw�m�VY\lO^KM[f]PN_FLK|S#\J]_D cL\JVUc.VY\�GeN_VYFsSU](GJV�GeIdK�V �.[JK�G
h.K�G¨�~KMK^F�GeILK*SUOMGJQsSU]+IsSUFLWfc.VY[lN_GJNPVYFTSUFLWfGJILK*N_WLK|S#]+c+VY[lN_GeN_VYF7vESUFLWTFLK^wYS#GeNz`YK^]zDBcL\JV#n
c.VY\�GeN_VYFsSU](GJV�GJILK `UK^]_VuOMN_G¨D�VUm9GeILK IsSUFLW{i P¨F�\JK^SU]PNzG¨DYv�GeILK�O^VYFuqswYQL\JS#GeN_VYF�VUm/GeIdK
RgQL[JOM]PKM[tSUFLW�h.VUFLK^[oN_[*GeIHQL[t[JQdcLc.VU[JK^W�GeV�DEN_K^]PW§GJILK�[JQdhdGe]zD§O^Qd\l`YKMW�GJ\eS��lKMOMGJVY\JN_K^[^v
SUFLW�GeIdK ���9n¨[lK^\l`UV�O^VYFaGJ\JVY]@DuN_K^]_WL[:N_FsSUOMO^QL\JSUO^N_K^[�SUFdW�O^VY\l\JKMOMGeNz`YK *¬ILVEVY�H[^«�NPF�GJ\eS;n
�lK^OMGJVY\JN_K^[xO}IsSU\JSUOMGJK^\JN_[lGJNPOtVUm m�SU[lG9IHQLRfS#F�RBVUGeN_VYFL[Mi~CENPRgQL]zG}SUFdK^VYQL[l]_DUvuGeIdK:RBVuWdK^]1NP[
O^VYRBcLQdGeS#GeN_VYFsSU]_]_D:]PK^[l[~WLKMRfS#FLWLNPFdwZGJIsSUFfGJILK9OMVYRBcsSU\eS#hL]PK=�HNPFsS#K^[lGJILKMGJNPOxRTN_FLNPRXQLR
�lK^\J�fRTVEWLK^]{[JNPFdO^KtRTV#GeNPVUFL[kSU\lKZcd]�SUFLFdK^W K^FaGeN_\JK^]zD�K �uGJ\JN_FL[JN_O|SU]_]_DYi
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jkILKoRTN_FLNPRBNP[JS#GeN_VYF�VUm%[JFLSUc�n�GeIdK/WLK^\lN_`#S#GJN_`YK9VUm �lK^\l� $ 3b]�S#[JI�� ­�_  R.a¡ &.DEN_K^]PWd[~Ge\JS��lK^O n
GeVY\lNPK^[r�=NzGeIB[JRBVuVUGJIBSUO^OMK^]PKM\eS#GJNPVYF{v��lK^\J� 
 ���BRBNPFLN_RfSU]E[JFLSUcfcL\lVUqs]_K^[^i P�G2N_[rQLFLOM]PK|S#\
ILV!�~K�`YK^\Mv7�=ILKMGJILK^\*IEQdRfSUFd[*SU\lKgSUhd]PKtGeVfc+K^\lO^KMN_`YK:[JFsS#c§WLNP\lK^O�Ge]_D S#FLWF3b]PSU[JI O^VYFEn
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O^]PQdWLK^W�GeIsS;GtFLVUGeIdNPFLw NP[owYSUNPFLKMW�V¤`UK^\oGeIdKBRBNPFdNPRgQLR �lKM\J�§RBVuWdK^]�N_F�GJILK�O^VYFaGJK��EG
VUm�IHQLRfS#F§RTV#GeNPVUF�cL\lVuWdQLOMGJNPVYF7v.SUFLW�N_G9NP[*[lQd¥BO^N_K^FaG/GeVfRTN_FLNPRBNP[lKoVYFL]_D�GJILKXGJILNP\lW
WLK^\lN_`#S#GeNz`YK#i
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y ILNP]_K�RTN_FLNPRTSU]xWLK^\lN_`#S#GeNz`YKM[ RTS|D h+K�OMVYFL[lNP[lGJK^FaG�NPF RfS#FHD�O|SU[lK^[��=NzGeI IHQLRTSUF
RTV!`YKMRTKMFaGe[�NzG WLVuKM[�FdVUG�m�VU]P]PV!� GeIsS;G�IHQLRTSUFL[�O|SU]_O^QL]PS#GeK�S#FLW RBNPFLN_RTN_[JK�GJILK^[lK
m�QLFLOMGJNPVYFd[^i 3'VU\TK �LS#RTcL]_KUvkRBNPFLN_RfS#](SUOMO^K^]_K^\JS#GeN_VYF DENPKM]PWL[BRBNPFLN_RfSU] �lVYNPFaGBGeVY\l�EQdK
SUFLW�O^VU\J\JKM[Jc+VYFLWL[��2K^]_]E�=NzGeIgRBNPFdNPRTSU]aRgQL[lO^]PK~SUOMGJN_`#S#GJNPVYF7i ��N_FLNPRXQLR �lK^\J�Z]PN_�UK��=NP[JK
DuN_K^]_WL[bRBNPFLN_RfS#]UGeVY\l�HQLK~O}IsS#FLwYKUi P�G�cL]PSUQL[JN_hL]PK�GeILS#G�IHQLRTSUFL[�]PK|S#\JF:GJV/RBNPFLN_RTN_[JK�GeIdK
K��.VY\lG2VUm1RgQd[JO^]_K9Qd[eSUwYK*SUFLWTNPFLWLN_\JKMOMGe]zD�cL\lK^O^N_cLN_GeS#GeK=cL\lVYc+K^\lGJNPKM[2]_NP�UKxRBNPFLN_RfSU] �lK^\l�+i
y ILNP]_K(GeVY\l�EQdKxRBNPFdNPRBNP[eS;GeNPVUF:IsS#[@h+K^KMFTQd[JK^WTNPF�OMVYRTcdQdGeKM\2S#FLNPRTS#GeN_VYF:GJV:wUK^FLKM\eS#GJK
Ge\eS#FL[JNzGeNPVUFL[�h.K�G¨�~KMK^F�RBVUGeN_VYF�O^]PN_cL[
$ � VY[lK9K�GkSU]�i'� ­�_7_ 2a¡�&�vESUFLWBGeVXwUQLNPWLK=OMVYFL[lGJ\eSUN_FaG
hsSU[JKMW�SUFLN_RfS;GeNPVUFL[~m�VY\=K��EGJ\JK^RBK^]zD�[JN_RTcd]PKtSU\�GeNPOMQL]�S;GeK^W qswYQd\JK^[ $ M~VYILK^F�� ­�_7_ (Y¡�&�vsN_G
NP[gFLV#G�NPF�wYKMFLK^\JSU]~OMVYFL[lNP[lGJK^FaG��=N_GJI�IHQLRfS#F�RTVUGJNPVYF h.KMO|SUQL[lK�RTN_FLNPRBNP[lK^W�GeVY\l�EQdK
GeK^FdWL[xGJV�wYK^FLKM\eS#GJKt[JIsSU\lc�WLN_[JOMVYFaGeNPFHQLNzGeN_K^[(VUmbSUOMO^K^]_K^\JS#GeN_VYF $ �tS|�(S;GeV�� ­�_5_ 2a¡�&�i
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jkILK*RBNPFLN_RfS#]EGJVY\J�HQLK�� K 
 �
�E�=RBVuWLKM] $ 'xFLVZKMG~SU]pi'� ­�_  _ ¡�&sN_[@OMVYFL[lNP[lGJK^FaG@�=N_GeIBRBNPFun
NPRgQLR �lK^\J��S#FLWTDENPKM]PWL[@[J]_NPwYIaGJ]_DgOMQL\l`UK^W�cLS#GeIL[@WLKMc.KMFLWLK^FaGkVUFTGeIdK �lVYN_FaG2OMVYFdqswUQL\eS;n
GeNPVUF�SUFLWgGeIdK=SU\JK^StV#m+GJILK(�2VY\J�H[JcLSUO^K=NPFg�=IdNPO}I�RTV#GeNPVUFXVEO^O^Qd\J[^i 3sQL\�GeILKM\JRBVY\JK#vUGeIdK
P � SUFLW P�� cL\lVYhL]PKMRT[bVUm+O|SU]_O^QL]PS#GeN_FLw*c+VY[lGJQL\JKM[�SUFLWBSUcLcd\JVYcL\lN�S#GJK �lVYN_FHG�GeVY\l�HQLK^[@SU\lK
NPFLOMVY\Jc+VY\eS;GeK^W�h+K^O^SUQL[JK=RBNPFLN_RgQLR GeVU\J�HQLK=O}IsSUFLwUKxN_[�SUF�NPFaGe\lNPFL[lNPO(WuDuFLSURTN_OkRTVEWLKM]pv
�� ��^ 9RTV#GeNPVUF�cL]PSUFLFLN_FLwBVuOMO^QL\l[*NPF�NPFaGe\lNPFL[lNPO �lVYN_FHG*SUFLwU]PKt[JcsS#O^K�SUFdW�G}SU�#K^[*SUO^OMVYQLFaG
VUm�
xKM�kGJVYFLN�S#F�WdDEFsS#RTN_OocL\JVYc+K^\�GeN_K^[^i

j VY\J�HQLKZO}IsSUFdwYKtRTN_FLNPRBNP[JS#GeN_VYFTOM]PVY[lK^]zD�\JKM]�S#GJK^[kGeV �lK^\l��RTN_FLNPRBNP[JS#GeN_VYFBh.KMO|SUQL[lK
S#G �MK^\JV�`YK^]_VuOMN_G¨D�SUOMO^KM]PK^\JS#GeN_VYF�N_[Tcd\JVYc+VY\lGJNPVYFLSU](GeV�GeVY\l�EQdKUi jkIdK�RBVuWLKM]=WLN �.K^\l[
m�\JVYR RBNPFLN_RgQLR �lKM\J��RBVY[lGT[JN_wYFLN_qLO|SUFaGe]zD�haD�GeSU�HNPFLw�NPFaGeV SUO^OMVYQLFaG�wU\eS|`EN_G¨DYvkK �Hn
GeK^\lFsSU]@m�VY\JOMK^[�SUFLW�GJILK�OMVYRTcd]PK���WdDEFsS#RTN_O^[XV#mxGJILK�SU\lR�i�jkILK^[lK�WLN �.K^\lK^FLOMK^[�SU\lK
K^RBcLIsSU[lNP[JKMW�haD 'xFLV�KMG9SU]pi1� ­�_  _ ¡�i
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P¨F VY\lWLK^\tGeV�K^[lGeSUhL]_NP[JI�S�OM]PVY[lK^\tO^VU\J\JKM[Jc+VYFLWLKMFLO^KT�=N_GeI�IHQLRfS#F�RBVUGeN_VYF�GeILKBRBNPFun
NPRgQLR GeVY\l�HQLK RTVEWLK^]2�(SU[�K �uGJK^FLWdK^W GJV�GJILK�RBNPFLN_RgQLR RgQL[lO^]PK�GJK^FL[lNPVYF�O}IsSUFdwYK
RTVEWLK^])$ '9FLV�KMG�S#]pi:� ­�_  _ ¡�&�i ,2D¦O^VYFd[JNPWdK^\JN_FLw�RXQL[JOM]PK^[M«9GJK^FL[lNPVYF [JK^Fd[JVY\l[���GeIdK
OtVY]_wYN(S#cLcsSU\JS#GeQL[e¡BS#FLW ]_K^FLw#GeI��;`UK^]_VuOMN_G¨D�[lK^FL[lVY\J[���[lcLNPFdWL]PK�qshd\JK^[e¡BS�RBVuWLKM]~�~SU[
WLKM`UK^]PVUc.KMW�NPF��=ILN_O}I�GJILK [JKMFL[JVY\�D�O^VYFaGJ\JVY]=SUFdW RgQd[JO^]_K�hsSU[lK^W�S#OMGeQLS#GeVY\l[�O^VY\l\JK n
[Jc+VYFLWfRBVY\lK=SUO^OMQL\eS#GJK^]zDg�=N_GJITIHQLRTSUF�hLNPVURTKMO}IsSUFLN_O^[rGeIsS#FfS �lVYN_FHG �;GeVU\J�HQLK=RTVEWLKM]pi
jkILK/wYKMFHGJ]_D�OMQL\l`UK^W FsS#GJQL\JK9VUm%SUO�GeQsSU]'IsS#FLWfGe\JS��lK^O�GeVY\lNPKM[(SU\lK9\lK^cL\lVuWLQdO^K^W S#FLWfGeIdK
RTVEWLK^]EO^VU\J\JKM[Jc+VYFLWL[r�2K^]_]E�=NzGeI�O^VUFLO^]_QL[JN_VYFL[�hsS#[JK^W�VUF�S*RTVEWLKM]uVUm.S*RBVYFL�#KMD+« [�SU\JR
NPFLOMVY\Jc+VY\eS;GeNPFdw�[JKM`UK^FaGeKMK^F§RXQL[JOM]PK^[,$ �/VY\JFLS!D�KMG9SU]pi7� ­�_7_ 2a¡�&�i

ª9[�S(m�QL\�GeILKM\%[lGeKMc:GJILK�RTN_FLNPRgQdR¦RXQL[JOM]PKrGeKMFL[JN_VYF:O}ILSUFLwYK�RBVuWLKM]Y�(S#[ K �EGeK^FdWLK^W
GeV�GeILKtRBNPFLN_RgQLR RTV#GeVY\(OMVYRBRfSUFdW�O}IsSUFLwYKZRBVuWLKM]pi
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ª*O^OMVY\JWdNPFLw*GJV*GeIdNP[%GeILKMVY\lDZGeILK2FLK^Qd\eSU]E[JN_wYFsSU]_[bSUO�GeNz`US;GeNPFdwxGJILK~RgQd[JO^]_K^[�VUmsGeILK2h.VEWdD
QLFLWLKM\JwYV§RBNPFdNPRTSU]bO}IsS#FLwYKTGJIL\JVUQLwYILVYQuGgRBVUGeN_VYF7i�CENPFLOMKfRBVUGeVY\tOMVYRTRTSUFLW�NPFum�VY\�n
RfS#GJNPVYFBNP[@S|`#SUNP]PSUhL]_KkWLNP\lK^OMGJ]_D�N_FBGJILK*hL\JSUNPFBN_G2NP[�c+K^\lIsSUcL[2RTVY\lK9cd]�SUQL[lNPhL]_KkGeIsS#G2VYcun
GeNPRBNP[JS#GeN_VYFfVEO^OMQL\J[=S;G(GeILKoRBVUGJVY\(O^VURTRTSUFLW�]_KM`UK^]1\eS;GeILKM\~GeIsS#F hLSU[JKMW�VYF�WdK^]�S|DUK^W
[JK^Fd[JVY\�DZm�KMK^WLhLSUO}�om�\JVYR�RXQL[JOM]PK^[MibjkILK@RBNPFLN_RgQLR¦RTVUGJVY\1O^VURTRTSUFLWtO}IsSUFdwYK2RBVEWLK^]
$ �tS|�(S;GeVf� ­�_5_ (uv ­�_5_ 2a¡�&s[lQLcLc+VY[JKM[2GJIsS#G@[JRBVuV#GeI�RTV#GeNPVUF�NP[rwYKMFLK^\JS#GeKMWfhaD�[JRBVuV#GeIun
NPFLwZS#GrGJILK=]PKM`UK^]'VUm.FLK^Qd\JVYFsS#]Lqs\JN_FLwtcsS#GJGJK^\lFL[^irjkILK=RBVUGeN_VYF�RTS!DXh.K=O}IsS#\eSUO�GeK^\lNP[lK^W
SU[rGeILK=[JRBVEVUGeILKM[lG�c+VY[J[lNPhL]_K~Ge\JS��lK^O�GeVY\�D�NPF�RBVUGeVU\�O^VYRBRTSUFLW�[JcLSUO^K:��N_FaGe\JN_FL[JN_O!¡bS#FLW
[JNPFdO^KoGeILK P�� [JVY]_QdGeN_VYF�NP[kN_RTcL]_NPOMN_G�GeILKtRBVuWdK^]7N_[kWdDEFsSURBNPOUi
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£ SU\l\JNP[@SUFdW y VY]Pc+K^\�G9� ­�_7_  a¡�cL\JVUc.VY[lK^W�GeIsS;G2cd]�SUFLFdNPFLwtVEO^O^Qd\J[2SU[@SUFfVYcuGeNPRBNP[JS#GeN_VYF
S#G9GJILKZO^VYFaGe\lVY]%[JN_wYFsSU]1]_KM`YKM]pvsRBVuWdK^]P]_NPFLw�OMVYFaGe\lVY]1�=N_GeI�S�FLVYNP[lKZGJK^\lR	cL\JVYc+VY\�GeNPVUFsSU]
GeV�GeILKZSUO�GeN_`#S#GJNPVYFf[JNPwUFsSU]1SUFdW�VYcuGeNPRBNP[lNPFLw:K^FLW c+VYNPFaG=c+VY[JNzGeNPVUFsSU]{KM\J\lVY\^i

jkILKtRBVuWdK^]{cd\JK^WdNPOMGJ[kh.KM]P]7[lIsSUc+K^W�`YKM]PVEO^NzG¨D�cL\lVUqs]PKM[^vL\lK^cL\lVuWdQLO^KM[xGJILK �� c+V!�~KM\]�S|�tv{DENPKM]PWL[9NPFLILKM\JKMFHGJ]_D�[JRBVuV#GeI�GJ\eS��lKMOMGJVY\JN_K^[oSUFdW�NP[*hdNPVY]_VYwYNPO^SU]P]zD�cL]PSUQL[lNPhL]_K:[lNPFLOMK
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GeILKM\JK:SU\JKoFLVBO^VURTcL]_NPO^S#GeKMW�NPFaGeKMwY\eS#GJNPVYFd[(\JKM�EQdNP\JKMW�V#m�GJILKthL\eSUN_F7i
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jkILKfKM�EQdNP]PN_hL\JN_QLR�c+VYN_FHGZIaDEc.V#GeILKM[JNP[Z�(S#[:qs\l[lG:cL\JVYc+VY[lK^W�haD 3sK^]_WLRfS#F $ 3sK^]PWdRfSUF
� ­�_ 2 2YSdv h'¡�&�vkSUFLW�IsSU[f\lK^OMK^N_`UK^W RgQdO}I S#GJGJK^FaGeN_VYF�N_F GJILK�]_N_GeKM\eS#GJQL\JK $ ,~N � �^N=KMG�SU]pi
� ­�_ 5 2a¡�vLª9h.KMFLW KMG9SU]pi1� ­�_  R(Y¡�v 3'KM]PWLRTSUF�� ­�_  R2a¡ v �%S#G}S#[JI SUFLW OtV#GJGe]_NPKMh�� ­�_7_d­ ¡�&�i

jkILKBK^[l[JKMFHGJN�SU]rIaDEc+VUGeILKM[JN_[XNP[/GJIsS#GtGeIdKB]_NPRghd[/VUm~GJILK�h.VEWdD�S#\JK�O^VYFaGJ\JVY]_]PK^W�N_F
GeK^\lRT[fVUmtK^�HQLN_]PNPhd\JNPQdR c.VY[lN_GJNPVYFL[B�=ILK^\lK§GeILK�m�VY\JOMK^[�wYKMFLK^\JS#GeKMW hHD�GeIdK�RgQL[JOM]PKM[
S#GJGeSUO}ILK^W�GeV S�wYNz`YKMF �lVUNPFaGoSU\lK�NPF�hsS#]�SUFLOMKUi y ILNP]_KXGeILK�c+VY[lN_GeN_VYF§VUm2S �lVYN_FHG*RfS|D
FLVUGTO^VY\l\JK^[lc.VUFLW GJV�NzGe[BO^QL\l\JK^FaGTK^�HQLN_]PNPhd\JNPQdR�c+VY[JNzGeNPVUF7v�N_GBNP[BSU[l[JQLRBK^W�GeIsS#GBGeIdK
RgQL[JOM]PKM[x\lK^[lc.VYFdWLNPFLw�GeV�GJILKoG}SU\lwYKMG=KM�EQdNP]PN_hL\JN_QLR c.VY[lN_GJNPVYF��=N_]P]{hd\JNPFdw�GJILK �lVYNPFaGkGJV
\JK^[�G/S;GxS�GeSU\JwUKMGxSUFLwU]PKUi

jkILKM\JK�SU\JK�[JK�`YKM\eSU]ZRTVEWLKM]P[�hsSU[lK^W�VUF¦GJILK�KM�HQLNP]_NPhL\lNPQLR IaDuc+VUGJILK^[lNP[^i 3sKM]PWun
RfSUF{«¬[/VU\JNPwUNPFsSU]���RBVuWLKM]bS#[J[JQdRTKM[*GeIsS;GoRgQL[lO^]PKM[/wYKMFLK^\JS#GeK�S#F§K��uc+VYFLK^FaGJN�SU] m�VY\JOMK
\JK^[lc.VUFL[JK#i 3sVY\*K|SUO}I�RgQL[lO^]PK�GJILK^\lKBN_[oS�O^VY\l\JKM[Jc+VYFLWLN_FLw���`#SU]PQLKgGJIsS#Gt\lK^cL\lK^[JKMFaGe[
GeILKBGeIL\lK^[JIdVY]PW�`US#]PQLK�VUm(GJILKBRgQL[JOM]PK#«¬[:[lGe\lKMGJO}I�\JK�&sK��.i=P�m(GeILKBRgQL[lO^]_KTIsS#[XS O^QL\�n
\JK^FaG:]PKMFLwUGeI�VUm ��GeILKMF�GJILKBm�VU\JO^KBwYKMFLK^\JS#GeN_VYF ��N_[ZK �uc.VYFdK^FaGeNPSU]�N_m@GeILKBRgQL[lO^]PKBNP[
[lGe\lKMGJO}ILK^W§h+KMDUVYFLW�N_Ge[(GeSU\JwUKMG=]PKMFLwUGJI3/
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� S#O}I �lVYN_FaGoIsSU[ZS#Go]_K|SU[�GoG¨�~V VYcLc+VY[lK^W�RgQL[lO^]PKM[t[JV�GeIsS;GthHD§[JKMGlGeN_FLw�GeILK�\JS#GeN_V�VUm
VYcLc+VY[JN_FLwTRXQL[JOM]PK^[M«���cLSU\eSURBKMGJK^\l[xGJILK:]_K^FLw#GeI§S;Gx�=IdNPO}I�GJILKtm�VY\JOMK^[*hLSU]�SUFdO^KtRfS|D
h.K2[JK^]_K^O�GeK^W{vHSUFLWXhaD:[JO^SU]PN_FLwxGJILK^N_\�RTSUwYFdN_GeQdWLK^[%GeILK2[lGJN �.FLK^[l[�VUmLGJILK �lVYN_FaGbRTS|DZSU]P[lV
h.KBO^VYFaGJ\JVY]_]PK^W{i�ª*O^OMVY\JWdNPFLw GeV=3sK^]_WLRfS#F7«¬[oRBVEWLK^]�GJILK�VY\JN_K^FaG}S#GJNPVYFd[oVUm2GJILK �lVYNPFaGe[
SU\JK9O^VYFaGe\lVY]P]_K^WThHDT[JK�GJGJNPFLwZGeILK	� csS#\eSURBKMGJK^\J[2O^VY\l\JKM[Jc+VYFLWLN_FLw:GJVgWLK^[lNP\lK^W�c+VY[lGJQL\JKM[
SUFLW�]PN_FLK|S#\J]_D/NPFaGeKM\Jc+VY]�S#GJNPFLw=GeIdK
��`#SU]_QLK^[MibjkILN_[�NPFaGJ\JNPFd[JNPO@WdDEFsSURBNPO2cL\JVEO^KM[J[rO^SUQL[JKM[
GeILK�KM�HQLNP]_NPhL\lNPQLR c+VY[JNzGeN_VYF�V#mxGJILK �lVUNPFaGe[ZGeV§Ge\JSUFL[l]�S#GJKTm�\JVUR VUFLK�c+VY[lGJQL\JKfGJV�GeIdK
FLK��EG|vu�=ILNP]_KxGJILK/SUO�GeQsS#].c+VY[JNzGeN_VYFTWdK^c+K^FLWL[~VYFfGeIdK9G}S#\JwYK�G �lVYN_FHG2SUFdwY]PKM[^v �lVYNPFaG2[lGeN �+n
FLK^[l[JK^[Mv.GJILK:OMQL\J\lK^FaG �lVUNPFaGxSUFLwY]_K^[xSUFLW�WdDEFsSURBNPOocL\lVYc+K^\lGJNPKM[9VUm�GeILKoqswUQL\JK:SUFLW�N_Ge[
K^Fa`ENP\JVUFLRTKMFaG|irjkILK9RTVEWLK^]LGJIHQL[2wUK^FLKM\eS#GJK^[~OMQL\l`UK^W�ILSUFLWfcLS#GeIL[~SUFLWBILVEVY�H[~S#G@GeIdK
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K^FLW�V#m(RBV¤`UK^RBK^FaGe[Mi�ª OMVYRBcsSU\eS;GeN_`UK�WLNP[lO^QL[l[JNPVUF��=N_GJI�V#GeILKM\:KM�EQdNP]PN_hL\JN_QLR�c+VYN_FHG
RTVEWLK^]_[kRfS|Dfh.Kom�VYQLFdW�N_F�ª*cLc+K^FLWdNz� �gi/.di _ i
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jkILNP[�O^VUFLO^]_QLWLK^[�GJILK WLNP[lO^QL[l[JNPVUF VUmxIHQLRTSUF�RTVUGJNPVYF cL\JVEWLQLO�GeNPVUF�\lK^[lK|SU\lO}I7i�jkILK
qsK^]_W:N_[1\JNPO}IZSUFdWZ�2K^]_]YK��ucL]_VY\JKMW7v;�=NzGeIZV!`YK^\1qLm G¨D*DYK|S#\J[ VUmdKMRTcdNP\JN_O|SU]USUFLWoGeIdK^VY\lKMGeN_O|SU]
\JK^[lK|SU\lO}I7i�ª wU\JK|S;G2RTSUFaD�QLFd\JK^[lVY]_`UK^W�N_[J[lQLK^[@[lGJNP]P]dILV!�~K�`YK^\~\JK^RTSUN_F7i�jkIdK*�HQLK^[�GeN_VYF
VUm'�=ILKMGJILK^\�RBVUGeN_VYFL[�S#\JKkcL]PSUFLFLKMW�NPF�NPFaGJ\JNPFd[JNPO2[JcsS#O^Kk\JKM]�S#GJK^WgGJV/qswYQL\lKk�EN_FLK^RTS#GJNPO^[
VY\XGeIdK�K��EGe\lNPFL[lNPO=M(SU\�GeK^[lN�SUF�[lcsSUOMK�VUm=GeILK�cLIaDE[JN_O|SU]kKMFa`uN_\JVYFdRTKMFHGgIsSU[�FLVUGgh.KMK^F
SUwY\JKMK^W7i 
9KMN_GeIdK^\1IsSU[1NzG%h.KMK^Foqs\lRT]zD/K^[�G}SUhd]PNP[lILK^Wo�=ILK�GeILKM\%cL]�SUFdFLNPFLw(GeSU�UKM[ SUO^OMVYQLFaG
VUm=WdDEFsSURBNPOBO}IsSU\JSUOMGJK^\JN_[lGJNPO^[XSUFLW�N_[:N_FLILKM\JK^FaGJ]_D�WdDEFsSURBNPO#vbVY\ZVuOMO^QL\l[gK^FaGJNP\JKM]_D�N_F
�EN_FLK^RTS#GJNPO([lcsSUO^K=]_K|S|`ENPFLwoGeIdKkWdDEFsSURBNPOkcL\lVYc.KM\lGJNPK^[�GJVth.Kk\lK^[JVU]_`YKMWfWLQd\JNPFdwoRTVUGJNPVYF
K��uK^OMQdGeN_VYF7i ��]PSUFLFLN_FLwfRBVUGJNPVYFL[x�=N_GJI§\JKM[Jc+K^OMGoGJV�GeILKXWdDEFsSURBNPOXcd\JVYc+K^\�GeNPKM[/VUm�GeIdK
h.VEWdD SUFLW�GJILK�KMFa`uN_\JVYFdRTKMFHGfO^KM\lG}S#NPFL]zD�FLK^OMK^[J[lN_GeS#GeKM[�GeILK�QL[JK�VUmt[JVYRBK NPFaGeKM\JFsSU]
WdDEFsSURBNPOkRBVuWLKM]LSUFdWfSUF�K �dcd]PNPOMN_Gr[lVY]PQuGeNPVUFXGeVoGeIdKxN_Fa`YK^\l[JK=�HNPFLKMRfS;GeNPOM[rSUFLWBNPFa`UK^\J[lK
WdDEFsSURBNPO^[=cL\lVYhL]_K^RB[^i �tS|�(S#GJV�� ­�_5_ 2a¡(SU\JwUQLK^[kGeILS#GkGeILN_[kNP[kN_FLWLK^KMW GJILKtO|SU[lKUi

ª wY\JK^S#GTWLK|SU]xVUm*K^RBcLNP\lNPO|S#]kKM`ENPWLKMFLO^K�IsSU[Th.KMK^F�waS;GeILKM\JK^W{vkhLQdGB�=ILNP]_K�RBVY[lG
VUm9GJILK RTVEWLKM]P[gO^SUF�h.K�[lQLcLc+VY\lGJK^W�hHD�[JVYRBK�K^RBcLNP\lNPO^SU]~K�`uN_WLK^FdO^K O^VYFaGJ\eSUWLN_OMGJVY\lD
KM`ENPWLKMFLO^KXSU]P[lVTK �uNP[lGJ[9N_F�RBVY[�G9O^SU[JKM[^i#P�Gx[JKMK^RB[9GJIsS#G=GeILKZcL]PSUFLFLN_FLw�[lGe\JS#GeKMwUD QL[lK^W
hHD GJILK�hd\eSUN_F N_[ IdNPwYIL]zD SUWsS#cdGeNz`YKUvoO^SUcsSUhd]PK�VUm�SUQuGeVYRTS#GeN_O§NPRBcL\lV¤`UK^RBK^FaG|vtS#FLW
WLK^c+K^FLWdK^FaGoQLc+VYF GeILKZO^VYFaGJK��EG/VUmbRTV#GeNPVUF�wYK^FLKM\eS#GJNPVYF{i � `YKMF��=N_GJI GJILK:h+K^FdKMqLG*VUm
��SUwYFLK�GeN_O � KM[JVYFLSUFLO^KoN_RfS#wYNPFLwtGeVXNPWLKMFHGJN_m DBGeILK/SU\JK^SU[(VUm1GJILKohL\eS#NPF�SUO�GeNz`YK/WLQd\JNPFdw
RTVUGJNPVYF wUK^FLKM\eS#GJNPVYF SUFdW¦cd]�SUFLFdNPFLw�`UK^\lD m�K���OMVYFLOM\JKMGJK�OMVYFLOM]PQL[lNPVYFL[�ILS!`UK�h.KMK^F
WL\eS|�=F7i
P�GfNP[fN_FaGeK^\lK^[�GeNPFdw GeV�FdVUGeK�GJIsS#GTGeILK§wU\JK|S;GeK^\fcL\JVYc+VY\�GeNPVUF�VUmtRBVuWdK^]P[BNPFa`UVY]_`UK

[JVYRBK~VYcuGeNPRBNP[JS#GeN_VYFtcL\JVEO^KM[J[0/bRBNPFLN_RgQLR M(SU\�GeKM[JN�S#FgWLK^\lN_`#S#GJN_`YKM[^vYRBNPFdNPRgQLR GeVY\l�EQdK
O}IsSUFLwYK#v%RTN_FLNPRgQdR RBVUGJVY\*OMVYRTRTSUFLW�O}ILSUFLwYK#v VUcdGeN_RTN_[eS#GJNPVYF�V¤`UK^\o[lNPwYFsS#]�WLK^c+K^FEn
WLK^FaG=FLVYN_[JK#v ���¨�^  y ILN_]PKxGeILK/VUcdGeN_RTN_[eS#GJNPVYF�O^\lN_GJK^\JNPS:RTS|DTh+K/QLFd\JK^]PS#GeKMW7vuGJILK/c+VYcLQun
]�SU\lN_G¨D/V#mLVYcdGJNPRBNP[JS#GeN_VYF/RBVuWLKM]P[1RTS|Doh.K@csSU\�GeNPSU]P]zD*K �dcd]�SUN_FLK^WZhaDoGeILK@O^VYRBRBK^FaG1GeIsS;G
�ljkILKxQL[JK9VUm{VUcdGeN_RTN_[eS#GJNPVYFXGJK^O}ILFdNP�HQLK^[@GeVZRTVEWLKM]sFsS#GeQd\eSU]sh+K^IsS|`ENPVUQL\�NP[@SUcLc+K|SU]_NPFLw
h.KMO|SUQL[lK�V#m*GeIdK�S#FsSU]PVUwUD NzG�h.K^SU\J[�GJV�GJILK VYcdGeN_RTN_[eS#GJNPVYF�cL\JKM[JQLRBK^W�GeV�VEO^O^Qd\TS#[
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Sf\JKM[JQL]zG/VUm�FsS;GeQL\JSU]�[lK^]_K^OMGJNPVYF{i � $ 3b]�S#[JI§S#FLW £ VYwYSUF�� ­`_  $ ¡ &pixª*]zGeK^\lFsS#GJN_`YKM]_DUv.VYFdK
RTN_wYIaG�SU\JwUQLK(GeIsS;G�VYcdGeN_RTN_[eS#GJNPVYFZRBVuWLKM]P[rS#\JK=SoO^VYFa`UK^FLN_K^FaG��(S|D�VUm+[Jc+K^OMN_m DENPFdwZRBV#n
GeNPVUF wUK^FLKM\eS#GJNPVYF��=N_GJILVYQdGkGJILKZFLK^KMW GJVT[lQLcLcL]zD SUF K��ucL]PN_O^NzGkwYK^FdK^\eS;GeNPVUF�S#]PwYVY\lN_GJILR
SUFLW IsS|`YKtGeILKM\JKMm�VU\JKth.KMK^F m�S|`YVYQL\lK^W�NPF�GeILKt]_N_GeKM\eS#GJQL\JK#i
3bN_FsSU]_]_DYvbS§WLKMGeSUNP]_K^W�WLN_[JOMQL[J[lNPVYF�VUm=GeIdK�KM`ENPWLKMFLO^K SUFdW�OM\JNzGeNPOMNP[lRT[:\JK^]PS#GeN_FLw�GJV

GeILK:RTVUGJNPVYF�cd\JVEWLQLOMGJNPVYF GeILKMVY\JN_K^[xWLK^[lO^\lNPh+K^W§S#h.V!`YKZ�(S#[*VYRBN_GlGeK^W�m�VY\kGJILK:[JSU�UKXVUm
hL\JK�`uNzG¨DYi�ª*cdc.KMFLWLNz���gi/.gwYN_`UK^[~m�QL\�GeILKM\kWLKMGeSUNP]_[2V#m�[lQLO}I KM`ENPWdK^FLOMK:S#FLW SU\JwUQLRTKMFaGe[^v
SUFLW�cL\JKM[JKMFHGJ[�[JVYRBK�`#SU\JNPS#GeN_VYFL[ZVYF�GeILK�RBVEWLK^]_[XWLKM[JO^\lNPh+K^W7i�ª*]zGeK^\lFsS#GJN_`YKM]_DUv �o[lQ
KMG9SU]pi1� ­�_5_ 5Y¡2cL\lV¤`EN_WLKZS�m�Qd\lGeIdK^\=[JQL\�`YK�D�V#mbIHQLRTSUF RTV#GeNPVUF�cL\JVEWLQLO�GeNPVUF7i
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jkILNP[/O}ILSUcdGeKM\*WLKM[JOM\JNPh+K^[/GJILK:GJILK^VU\JKMGJNPO^SU]bS#[Jc+K^OMGJ[/VUm�GJILKgRBVUGeN_VYF cL\JVEWLQLO�GeNPVUF�K^FEn
`uN_\JVYFdRTKMFHG^irª*[([lQLO}I7vLGJILKoRfS �lVY\JNzG¨D�VUm%GeILKMVY\JK�GeNPO^SU]{\lK^[lK|SU\lO}I N_[([JQdRTRTSU\JN_[JKMW7vdS#FLW
GeILKt\JK^SUWLKM\xN_[=cL\JKMcsSU\JKMW m�VU\(GeILKtNPRBcL]_K^RBK^FaG}S#GJNPVYFTNPF�M~IsSUcuGeK^\�$Li

jkILN_[�O}IsSUcdGJK^\~h+K^wUNPFL[r�=N_GJIfSZWLNP[lO^QL[l[JN_VYFTV#m7`#SU\JN_VYQL[rWLKM[JNPwUFfWLKMO^NP[lNPVYFd[*��CuK^O�GeN_VYF
.di ­ ¡�v1]PK^SUWLN_FLw�QLc�GeV SUF�SUhL[�Ge\JSUOMGtV!`YKM\l`ENPK��-VUm�GeIdKBRBVUGJNPVYF§cd\JVEWLQLOMGJNPVYF�KMFa`uN_\JVYFEn
RTKMFHG^i ��VUGJNPVYF�wYKMFLK^\JS#GeN_VYF�RBVuWLKM]P[~SU\JK*GJILK^F WLN_[JOMQL[J[lK^W NPF CuKMOMGeN_VYF-.di)(ui 3sVY\~K^SUO}I
RTVEWLK^]sGJILK9GJILK^VY\lKMGJNPO|S#]+hLSU[JN_[2N_[2\lK^O|S#]P]PKMW7vESUFLWBGeILK*SUQdGeIdVY\JN_FLw:\lK^[lK|SU\lO}I�wY\JVYQdc7vuK �Hn
c.KMOMGeKMW�qsWLKM]PNzG¨D�VUmbFsS#GeQd\eSU]1RBVUGeN_VYF�\JKMcL\JVEWLQLO�GeN_VYF7v'SUFLW�K��uc+K^OMGJK^W§OMVYRBcLQdG}S;GeNPVUFsSU]
O^VYRBcL]PK �uN_G¨D:SU\JK~[lG}S;GeK^W{i � SUO}I�RTVEWLKM]uN_[�WLKMqLFLK^W�NPFZGeILKk]PSUFLwYQLSUwYK@VUmsm�VY\JRTSU]ERfS;GeIun
K^RTS#GeN_O^[^i

ª	wYKMFLK^\JSU](WLKM\JNz`US;GeN_`UK�RBNPFLN_RTN_[eS#GJNPVYF�GeKMO}ILFLN_�EQdK�N_[XGeILKMF�cL\JKM[JK^FaGJK^W ��CuK^O�GeN_VYF
.di).Y¡�i�jkILN_[:OMVYRBc.VYQdFLW�RTS#GJ\JNz��RTK�GeILVEW��~SU[ZQL[JKMW GeV qsFLW�VYcdGeN_RfS#]�[JcL]_NPFLKM[:[JS#Gln
NP[lm DEN_FLw S ]PSU\JwUKgwY\JVUQLc�VUm~RBVUGJNPVYF�RBVuWdK^]P[Mi �/Fun�]PNPFdKgRTK�GeILVEWL[/m�VY\oN_RTcd]PK^RBK^FaGJNPFLw
[JVYRBKtRTVUGJNPVYFfRTVEWLK^]_[=SU\JK/GJILK^F�WLNP[lO^QL[l[JKMW7i

$ 2
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jkILK�wYK^FdK^\eS;GeNPVUF�VUm=RBVUGeN_VYF�hLSU[JKMW�VUF�IHQLRfS#F�RTV#GeNPVUF cL\lVuWLQdOMGeN_VYF�IaDEc.V#GeILKM[JK^[Mv
SUFLW [lQLhL[lK^�HQLK^FaGgGJK^[�GeNPFdw�cL[�DEO}ILV!`uN_[JQsS#]P]_DUv�OMVYRBcLQdG}S;GeNPVUFsSU]P]zDYv1S#FLW S#FsSU]_DHGJNPO|S#]P]_D�NP[
S hL\JVYSUW�cL\lVYhL]PKMR�i¦jkILK§wUK^FLKM\eS#GJNPVYF VUmtRTV#GeNPVUF NzGe[JKM]_mo]_NPKM[fS#GTGeILK�O^VY\lKUv=hLQdG�S
[JQLcLc+VY\�GeNPFdw�m�\JSURBKM�2VY\J��NP[�SU]_[JV�\lK^�HQLNP\lK^W7i ª	RTVUGJNPVYF cL\JVEWLQLO�GeNPVUF�K^Fa`ENP\JVUFLRTKMFaG
�(SU[=GeIdK^\JK�m�VY\JKtWLKM[JN_wYFLK^W{i

jkILK2RTV#GeNPVUF:cL\lVuWdQLOMGJNPVYF:K^Fa`ENP\JVUFLRTKMFaGb�~SU[bN_FHGJK^FLWdK^WgGeV9[JQLcdc.VY\�G�RBVUGeN_VYFtwYK^FEn
K^\eS;GeNPVUF7v9KMWLN_GJNPFLwdvx`ENP[lQsSU]_NP[eS;GeNPVUF SUFLW \JKMFLWLKM\JNPFdwLi-jkILNP[�KMFa`uN_\JVYFdRTKMFHG �~SU[ QL]_GJNzn
RfS#GJK^]zD N_RTcL]_K^RBK^FaGeKMW�SU[gGeId\JK^K WLN_[lGJNPFLO�G�[JVUm G¨�~SU\lK�S#cLcL]PN_O|S#GJNPVYFd[^v�SU[g�=N_]P]~h+K�WLK n
[JO^\lNPh+K^W NPF�M~IsSUcuGeK^\
$Li
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P�G*�~SU[/WLKMO^NPWdK^W§GeILS#G/S#]P]%RTV#GeNPVUFL[x�2VYQL]_W�h+KghsSU[lK^W§VUF§RTV!`UK^RBK^FaGe[/V#m�GeILKXIsSUFLW7i
P�Go�(SU[tFLKMO^KM[J[eS#\lD�GeV [JKM]PKMOMGZS�O^]PSU[J[oVUm2RBVUGeN_VYFL[9GJIsS#GtN_[/�~KM]P]�\lK^cL\lK^[JKMFaGeK^W�NPF�GeIdK
IEQdRfSUF�RBVUGeN_VYF§cL\lVuWLQdOMGeN_VYF�]PNzGeK^\JS#GeQd\JKUv7SUFLW�SU]P[lV�DuN_K^]_WL[tS��=NPWLK�SUFdW�K �dcd\JK^[l[JNz`YK
\eSUFLwUKTVUm~c.VU[J[JN_hLNP]_N_GJNPK^[Mi
��VUGJNPVYFL[thsS#[JK^W SU\JVUQLFLW�IsSUFLW�\JK|S#O}ILNPFLw G}S#\JwYK�Ge[ZO|SUF�NPFun
O^]PQdWLK:[lNPwYFdN_qsO^SUFaG=RTV!`YKMRTKMFaG*N_F GJILKZh.VEWdD�NzGe[JKM]_m�vdGJIHQL[ �lQd[lGeNzm DENPFLwBSUFLW K��ucL]_VYN_GJNPFLw
GeILKtQL[lK:VUmbSgm�QL]P]{IEQdRfSUFdVYNPW�qswYQd\JKUi

ª�m�QLFLWsS#RTKMFHGeSU]HO}IsSU\JSUOMGJK^\JN_[lGJNPO@VUmdGJILK~RBVUGeN_VYFtcL\JVEWLQLO�GeN_VYF:KMFa`uN_\JVYFdRTKMFHG�NP[%GeIdK
RTK�GeILVEW�VUm RTV#GeNPVUFf[Jc+K^OMN_qsO^S#GeN_VYF7i@CuN_FLO^K*N_G(�~SU[kWLKMO^NPWdK^W�GeIsS;G=SU]P]+RBVUGeN_VYFL[2�2VYQL]_W
h.KtIsSUFdW�RBV¤`UK^RBK^FaGe[Mv'N_G(�~SU[=GeILVYQdwYIaGxGJIsS#GxIsSUFdW GJ\eS��lKMOMGeVU\JNPKM[k�~VYQd]PW O^VYFL[�GeNzGeQdGJK
S�[JQLNzG}SUhL]_K:[lc.KMO^NzqsO|S#GJNPVYF{iojkILKXm�QL]_]�[lcsS#GeNPSU] WLK^[lO^\JN_cdGeN_VYF§VUmrGJ\eS��lKMOMGJVY\JN_K^[^v7SUFLW§GeIdK
�lVYNPFaG:SUFLwY]_K^[ZVUm(GJILKTh+VEWdD�SU\JK�`#SU\JNPSUhL]_K^[tK��ucL]_NPO^NzGe]zD§O^VUFHGJ\JVY]_]PKMW�haD�[JVYRBKBRTVUGJNPVYF
cL\JVEWLQLO�GeNPVUF RBVuWdK^]P[Mi £ V!�~K�`YK^\MvXS#FLVUGeIdK^\ O^VYFL[lNPWLKM\eS#GJNPVYF¦NP[�GJIsS#G RfS#FHD V#mXGeIdK
IHDEc+VUGeIdK^[JKM[kNPF�GeILKxIHQLRTSUFfRBVUGeN_VYF�cL\lVuWLQdOMGeN_VYFB]PN_GJK^\JS#GeQL\lK=IsS|`YK*h+K^KMFfm�VY\lRgQL]�S;GeK^W
SUFLW�GJK^[�GeK^W�SUO^OMVY\JWLN_FLw GeV O^K^\�G}SUN_F�\lK^c+K|S#GeSUhL]_KBRBVUGJNPVYF�cL\lNPRBN_GeNz`YKM[^v7GeIdKTRTS��lVY\lN_G¨D
VUmb�=ILN_O}I m�S#]P]7N_FHGJV�VYFLKtVUmbGJIL\JKMKtO|S#GJK^wYVY\lNPKM[ /�c.VUNPFaGln�c.VYN_FaGkIsSUFLW Ge\JS��lK^O�GeVY\lNPKM[^vL`EN�S;n
c.VYN_FaG~IsS#FLWfGe\JS��lK^O�GeVY\lNPKM[^vLS#FLWfN_FLWLKMqLFLN_GJK^]_D�\lK^c+K|S#GJNPFLw:csS#GlGeK^\lFL[^i 1*N�S;n�c.VUNPFaG@csS#GeId[
SU\JK9[JNPRBNP]PSU\�GeV:c.VUNPFaGln�c.VYN_FaG2RBVUGJNPVYFL[�K �dOMK^cdG~GeIsS#G2GeILK�DfRXQL[lG(SU]P[lVXcsSU[l[*� K � �	
 � K S
GeILN_\JW c.VUNPFaG|i
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ª FsS#GeQd\eSU]9O}ILVYNPOMK�m�VY\TRTVUGJNPVYF [Jc+K^OMN_qsO^S#GeN_VYF�NP[BGeILKM\JK�m�VY\JK�GJILK§�HFLVUGJ[�\JKMcL\JK n
[JK^FaGJNPFLw�N_FHGJK^\lc.VY]PS#GeN_FLw�[JcL]_NPFLKM[^i9ª csSUN_\9V#mr�HFLVUGe[*\JK^cd\JK^[lK^FaGe[tSTc.VYN_FaGln¨c+VYN_FHGxIsS#FLW
Ge\eS �lK^OMGJVY\lDUv7GeIL\lK^K��HFLVUGJ[o\JKMcL\JKM[JK^FaGJ[XSf`EN�S¤n¨c+VYNPFaGxGe\eS �lK^OMGJVY\lDUv%SUFLW�S�O�DuOM]PN_Og[JcL]_NPFLK
RfS|D�SU]_[JVoh+K(qLGJGJK^W�GeVZSUFTSU\JhdN_Ge\JSU\lD:O^VU]P]PKMOMGJNPVYFgV#m{�HFLVUGJ[^i�P�Gr�~SU[@WLK^OMNPWLKMWBGJIsS#GrGeIdK
WLQL\eS;GeNPVUF�VUm{RBVUGJNPVYFg[lILVYQL]_WBSU]P[lVoh.Kk[lc.KMO^N_qLK^W7vH[JN_FLO^K=WLQd\eS#GJNPVYFg�~SU[rGeILVUQLwYIaGrGeVth+K
Sfm�SUOMGJVY\*WLK�GeKM\JRBNPFLKMW�hHD GeIdKgO^VYFaGJK��EGtVUm@RTV#GeNPVUF n¨SUFLW§GeIdK^\JK�m�VY\JKX\JK^�HQLN_\JKM[/K^NzGeILKM\
QL[JKM\:[lc.KMO^N_qLO|S#GJNPVYF�VY\t[JVURTK �lQL[�GeN_qsSUhL]PKgSU\lGJN_qsOMN�SU]_]_D NPFaGeKM]P]_NPwYKMFHG/[JK^]_K^O�GeNPVUF�cd\JVEO^K^[l[
h.K�DYVYFLW GeILKt[lO^VYc+KtVUmbGJILNP[k\lK^[JK^SU\JO}I{i

CuN_FLO^K/SgFEQdRgh.KM\(VUm%GeIdKoRTVUGJNPVYFTRTVEWLKM]P[2�2K^\lKoK��uc+K^OMGJK^W GeV�\lK^�HQLNP\lK/GeN_RTKxO^VYFEn
[JQLRBNPFLwTO|SU]_O^QL]PS#GeN_VYFL[kNzG9�~SU[*WdK^O^N_WLK^W�GeVfwUK^FLKM\eS#GJKXRBVUGeN_VYF�V��+n�]PNPFdKUi(jkILK:wYK^FdK^\eS¤n
GeNPVUFgVUm+RTV#GeNPVUFL[�[lNPRgQd]_G}S#FLK^VYQd[��=N_GJI�RTV#GeNPVUFXcL\lVuWLQdOMGeN_VYFgVYFEn�GeIdK�n &dDXN_[�ILV!�~K�`YKM\^vES
WLK^[lNP\eS#hL]PKgO}ILSU\eSUO�GeKM\JNP[�GeN_O:GeILS#G/m�SUOMNP]PNzG}S#GJK^[xNPFaGeKM\eSUO�GeNz`YK�SUcdcL]PN_O|S#GJNPVYFL[Mi �/Fun�]PNPFdK:N_R�n
cL]PKMRTKMFHGeS#GeN_VYFL[=GeILKM\JK�m�VY\JKg\lK^cL\lK^[lK^FaGtSf\lK^]�S;GeK^W�cL\JVUhL]PKMR \lK^]_KM`#SUFaG*GJVfRBVuWLKM]%KM`#SU]zn
QsS#GeN_VYF�SUFLW��2K^\lK NPFa`YKM[lGeN_waS#GJK^W�SUFsSU]zDHGeNPO^SU]P]zD§�=ILKM\JK c.VU[J[JN_hL]PK#i�CENPFLOMKfGeILK�`EN_[JQsSU]
\JK^[lQL]_G(NP[�GeILK/[JSURBK*NP\l\JKM[Jc+K^OMGJN_`UK/VUm1�=ILK�GeILKM\kRTVUGJNPVYFBNP[2wYK^FdK^\eS;GeK^W�VUFun¨]_NPFLK=VY\2cL\JK n
csSU\JKMW§V �'n¨]_NPFLK#vsN_Gx�(SU[9FLVUGxm�K^]zG9GJVfh+KgSUF�NP[J[lQLKX\lK^]_KM`#SUFaG*GJVfNPRBcL]_K^RBK^FaG}S#GJNPVYF S#FLW
GeILK2RTVUGJNPVYFtcL\lVuWdQLOMGJNPVYFZK^Fa`ENP\lVYFLRBK^FaGb�~SU[ WLK^[lNPwYFLKMWXGeV9VYc+K^\eS;GeK@V �+n�]PN_FLKUi1ª�WLNP\lK^O�G
O^VYFL[lK^�HQLKMFLO^KgN_[(GeIsS;G=RTVUGJNPVYFd[(RgQL[�G9h+Kt[lGJVY\JKMW�N_F�S�c+K^\l[JNP[�GeKMFHGxm�VY\lRfS#G^i

ª [Jc+K^OMN_qsOoqs]_K/m�VY\JRTS#GkGJIsS#Gk�=NP]_]7h+KZWdK^[JOM\JN_h.KMW�N_F�CEK^OMGJNPVYF $Li ­ i ­ �~SU[xQL[JKMW7i0P�G
NP[gc+VY[J[lNPhL]_KTGJV�[lGeVU\JK�RBVUGeN_VYF�SUOMO^VY\lWLNPFdw�GeV§GJILK�cL\lNPRBN_GeNz`YKM[:QL[lK^W�GeV§[lc.KMO^Nzm D GeIdK
RTVUGJNPVYF [lQLO}I�SU[x[JcL]_NPFLKZO^VUFHGJ\JVY]%c+VYNPFaGJ[^v'VY\kGeILKZNPFaGJK^\JFLSU]%\JK^cd\JK^[lK^FaG}S;GeNPVUF§[lGJ\eS#GJK^wUD
VUm*RBVUGJNPVYF�wYKMFLK^\JS#GeN_VYF�SU]PwUVY\JNzGeILRB[^i £ V!�2KM`YKM\^vkRBVUGeN_VYFL[gRXQL[lGBh+K�K��uc.VU\lGeKMW m�VY\
c.KM\lm�VY\lRfSUFdO^KthaD�S�IHQLRTSUFLVYN_W \lVYh+VUG|vs\lK^FLWLKM\JN_FLwTQd[JNPFdwfS�O^VYRBRBK^\JOMN�SU]7SUFLNPRTS#GJNPVYF
csSUO}�;SUwYK#v1h.K�SUFLSU]_DE[JKMW�h.V#GeI�RTS#GeILKMRfS;GeNPO^SU]P]zD SUFLW�`ENP[lQsSU]_]_DYv{SUFLW�KMWLN_GJK^W7i P�G/�~SU[
GeILKM\JKMm�VU\JKkWLKMO^NPWdK^WTS#G�GeIdKkO^VYFLOMK^cdGJQsSU]LWdK^[JN_wYF�[lGeSUwYK(GeILS#GrRBVUGeN_VYF:�2VYQL]_WBh+Kk[lGJVY\JKMW
QL[JN_FLw�WLN_[JO^\lKMGJK�RBVUGeN_VYF [JSURBcL]PKM[fS#G�S�csS#\eSURBKMGJK^\JN_[JKMW�m�\JKM�EQdK^FLO�DYi�jkILN_[f[lNPRBcL]PK
m�VY\JRTS#G�m�SUOMNP]_N_G}S;GeK^[�SUF¦SU\JhLNzGe\JSU\lD�\JK^[lVY]PQuGeNPVUF VUmgS#O^O^Qd\eSUO�D¦SUFLW¦[lGe\JSUNPwUIHGlm�VY\l�~SU\lW
NPFaGeKM\JO}IsSUFdwYKZ�=NzGeI�GeIdKt`#SU\lNPVYQd[=SUcLcL]_NPO|S;GeNPVUFL[~cL\lV!`uN_WLNPFdw�GJILKt\JKM�EQdNP\JKMW m�S#O^NP]_N_GJNPK^[Mi
P�Go�~SU[ZNPFaGeKMFLWLK^W�GeV h+VUGeI�\JKMFLWLKM\:RBVUGeN_VYFL[*�=NzGeI�S�O^VYRBcLQdGJK^\twY\JSUcLILN_OgqswYQL\lK

SUFLW�c+K^\�m�VY\JR GeIdK^R �=N_GeI S�IHQLRTSUFLVYN_W�\lVYh.V#G|i jkILK�cL\lVYhL]PKMR VUmk\lK^FLWLKM\JN_FLw��~SU[
O^VYFL[lNPWLKM\JKMWBVUQdG¨�=N_GJIXGeILKk[lO^VYc+K(VUmsGJILK(\lK^[JK^SU\JO}I{vuS#FLW�[JVoNzGb�~SU[�FLKMO^K^[l[eSU\�DgGeILS#G�GeIdK
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RTVUGJNPVYFZcL\lVuWLQdOMGeN_VYFZK^Fa`ENP\JVUFLRTKMFaG�h+K~O|S#csSUhL]_K2VUmLVYQdGecdQdGJGJNPFLwxRTV#GeNPVUFL[%NPFgS=m�VY\JRTS#G
[JQLNzG}SUhL]_K*m�VY\(N_RTc+VY\�G(NPFaGJV�[JVYRBKoO^VYRBRBK^\JOMN�SU]+\JKMFLWLKM\JNPFdw�csSUO}�;SUwYK#i0P�Gk�~SU[=]PN_�UK��=NP[JK
\JK^�HQLN_\JKMW:GeVxh+K@OMVYRBcsS#GeN_hL]PK��=N_GeItGeIdK2OMVYFaGe\JVU]aRTKMO}IsSUFLN_[JR�VUmuGeILK@IHQLRTSUFLVYN_WZ\lVYh+VUG|i

jkILK�GeILKMVY\JK�GeNPO^SU]xVYQdGe]_NPFLK VUmoGJILK�RBVUGJNPVYF�cL\JVEWLQLO�GeN_VYF�K^Fa`ENP\lVYFLRBK^FaG�N_[f[lQLR�n
RfSU\lNP[lK^W NPF=3bN_wYQL\JK
.di ­ i

and statistical graphing

3D Visualisation

Motion

Motion

Motion

and analysis

Motion editing

Humanoid robot

controller

Sampled motion logs

Motion in standard
file format

Rendering

Motion specification

(using a commercial package)

EDITING & ANALYSIS

Motion generation

VISUALIZATION

GENERATION

3bNPwUQL\JK+.ui ­ /rjkIdK ��V#GeNPVUF ��\lVuWdQLOMGJNPVYF � FH`EN_\JVYFLRBK^FaG

��S#FHD�VUm=GeILK�IHQLRTSUF�RTV#GeNPVUF IaDEc.VUGJILK^[lK^[fSU\JKfm�VU\JRgQL]PS#GeKMW�NPF�GJK^\JRB[gVUm9VYcun
GeNPRBNP[JS#GeN_VYF§OM\JN_GJK^\lN�Sdi P�G:NP[/GeIdK^\JK�m�VY\JKBFsS#GJQL\eS#]�GeIsS#GZRBVUGeN_VYFL[oh+K�wYK^FLKM\eS#GJK^W�QL[JN_FLw
VYcdGeN_RTN_[eS#GJNPVYF RBKMGJILVuWd[^ixª*[9�=N_]P]%h+KX\JK�`YK^SU]PKMW�NPF�GJILK:m�VU]P]PV!�=N_FLw�[JK^O�GeN_VYF7v7SBhL\JVYSUW
O^]�S#[J[fV#mtRTVEWLK^]_[�m�VY\JRgQd]�S#GJK^W�Qd[JNPFdw \JKM]�S#GJK^W�VUcdGeN_RTN_[eS#GJNPVYF�OM\JN_GJK^\lN�S��~KM\JK�[JVU]_`YKMW
QL[JN_FLwfS�wYKMFLK^\JSU]%SUFsS#]_DHGeN_O|SU].RTK�GeILVEW7i@CuVYRBKtVUm GeILKtRBVuWLKM]P[([lK^]_K^OMGJK^W �~KM\JKZcLQL\JKM]_D
�EN_FLK^RTS#GJNPOUv7SUFLW�GeIHQL[t\JKM�HQLNP\lK^W�NPFa`YKM\J[JK��HNPFdK^RTS#GeN_Og[JVY]_QdGeN_VYFL[MiXª-FHQLRgh+K^\oVUm@GeIdK
RTVEWLK^]_[1�~KM\JK@hsSU[JKMWXVYF:WdDEFsSURBNPOrVYcuGeNPRBNP[JS#GeN_VYF/OM\JN_GJK^\lN�S=SUFLWZGeIHQL[ \JK^�HQLN_\JKMWXNPFa`UK^\J[lK
WdDEFsSURBNPO*[lVY]PQuGeNPVUFL[2GJVgKM`#SU]_QsS#GeKxGeILK*VYcdGeN_RTN_[eS#GJNPVYFBRBKMGe\lNPOM[^i�3bN_FsSU]_]_DYva[lVYRBK/VUm1GeIdK
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RTVEWLK^]_[��~KM\JK�hLSU[JKMW�VYF�WdDEFsSURBNPO NPFaGeKM\eSUO�GeNPVUF S#FLW GJIEQd[f\JKM�HQLNP\lK^W m�Qd]P](m�VY\��(SU\lW
WdDEFsSURBNPOo[JN_RgQL]PS#GeN_VYFfGeV�N_RTcL]_K^RBK^FaG|i

jkILKZNPFa`UK^\J[lKX�HNPFdK^RTS#GeN_O^[^vLm�VU\l�~SU\JW�SUFLW�NPFa`YKM\J[JK:WdDEFsSURBNPOM[xcd\JVYhL]_K^RB[=SU\JKt�2K^]P]
K^[lGeSUhL]_NP[JIdK^W�GeKMO}ILFLN_�EQdK^[=SUFLW�ILS!`UK/h+K^K^F��2K^]_]{\lK^[JK^SU\JO}IdK^W NPFTGJILK^N_\~V!�=F�\JN_wYIaG|i�3sVY\
GeILK/cdQL\Jc+VY[JKM[(VUm7GJILNP[2\JKM[JK|S#\JO}I�N_G@�~SU[(O^VUFL[JN_WLK^\lK^W�\JK^SU[JVUFsSUhL]_K9GeV:RfS#�UK/QL[lK*VUm%K �Hn
NP[lGJNPFLwgGJK^O}ILFdVY]PVYw#D SUFLW GeILKM[JKZNP[l[JQLKM[=�2K^\lK:[lVY]_`UK^W�QL[JN_FLw�[JVUm G¨�~SU\JKZO^VURTc+VYFLKMFHGJ[=VUm
SB\lVYh.V#G=[JNPRXQL]�S#GJVY\^i �1NP�UK��=NP[lKUvsGeILKt\lK^FLWLKM\JN_FLw�cL\JVYhd]PK^R �(SU[=[lVY]_`UK^W�Qd[JNPFdwTS�OMVYR�n
RTKM\JO^NPSU]@csSUO}�;SUwYK#v ��K�G}S M~\lK|S#GJNPVYF{«¬[ � VY[JKM\^i�jkILK�cL\eS#OMGeN_O|SU]2NP[l[JQLKM[�SU\JK�WdNP[JOMQL[J[lK^W
K^]P[lKM�=ILKM\JKon¨N_F M~ILSUcdGeKM\
$Li
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j(�~KM]_`YKtRBVUGeN_VYFfcd\JVEWLQLOMGJNPVYF�RBVEWLK^]_[2�2K^\JKoWdK^[JN_wYFLKMW N_F�SUOMO^VY\lWsSUFLOMK/�=N_GeI�GJILK/OM\JNzn
GeK^\lN�S/[�G}S#GJK^W�NPFXGJILK(qs\l[lGr\lK^[JK^SU\JO}IBwYVaS#]1�pCEK^OMGJNPVYF ­ i ­ i ­ ¡ i ��VUGJNPVYFXIHDEc+VUGeIdK^[JKM[@�2K^\lK
GeIHQL[�[JKM]PKMOMGeKMW�m�\JVYR S \eSUFLwUKfVUm=\lK^[JK^SU\JO}I�wY\lVYQLcL[ZGeV§K �ucL]PVY\lK�S�\JSUFLwYKTVUm=NPRBcL]_K�n
RTKMFHGeS#GeN_VYFZO^VYRBcL]PK �uN_GeN_K^[Mv#Sx\eSUFdwYK�VUmsIHQLRTSUF:cd[lDEO}ILVYRBVUGeVU\ qsWdK^]PNzGeN_K^[^v#SUFLW:QdGeN_]PN_[JK^W
h.VUGJI�cdQL\JKM]_D �HNPFLKMRfS;GeNPOtS#FLW�WuDuFLSURTN_OtcL]�SUFdFLNPFLwdi@ª9]P]1RBVUGeN_VYFL[(�2K^\lKX[Jc+K^OMN_qsKMW�N_F
GeK^\lRT[BVUm*�EFdVUGfc+VYN_FHGJ[�GeIsS#GB[lILVYQL]_W h+K�N_FaGeK^\lc.VU]�S#GJK^W�haD�GJILK Ge\eS �lK^OMGJVY\lD�V#m*GeIdK
IsSUFLW�SUO^OMVY\JWdNPFLw�GeV�GJILKtO|SUcsS#hLNP]_N_GeN_K^[2VUmbGJILKtRTVUGJNPVYFfRTVEWLK^]�i
,~KM[JN_WLK^[�GJILK(cL[�DuO}IdVYRTV#GeVY\rhsS#[JK^W�RBVuWdK^]P[Mv#G¨�2VtK��uc.KM\JN_RTKMFHGeSU]dRBVUGJNPVYF:cL\JVEWLQLO n

GeNPVUF RBVEWLK^]_[~�~KM\JKZSU]_[JV�WLK^[lNPwYFdK^W NPF SUOMO^VY\lWsSUFLOMKZ�=NzGeI�GeIdKZ[lK^OMVYFLW�\lK^[lK|SU\lO}I�wYVaS#]pi
jkILK^[lK*K��uc+K^\lNPRBK^FaG}SU]'RBVuWdK^]P[��2K^\lK*N_FHGJK^FLWdK^WTGJV:\lK^cL]_NPO^S#GeK(GJILK9cd\JVYc+K^\�GeNPKM[�VUm{�=IsS;G
�~KM\JK*K �uc.KMOMGeKMW�GeVZh.K=GeIdK9RBVY[lG@OMVYFa`uN_FLO^N_FLwZcL[lDEO}ILVYRBVUGJVY\2hLSU[JKMW�RTV#GeNPVUF�cL\JVEWLQLO n
GeNPVUFTRBVuWdK^]P[Mibª9[2[lQLO}IfGeIdKMDBK��ucL]_VYN_G�OMVYRTcdQdG}S#GJNPVYFLSU]LVYcdGJNPRBNP[JS#GeN_VYFL[�h+K|SU\lNPFLwZ]PNzGJGJ]PK
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��NPFLN_RgQLR M(SU\�GeK^[lN�SUF�[lFsSUc�NP[gS§RTVUGJNPVYF�cL]�S#FLFLNPFdw§RTK�GeILVEW�GeILS#G�\JKMcL\JKM[JKMFHGJ[BSUF
K��EGeKMFL[JN_VYF VUm2GeILK��2K^]P]rKM[lGeSUhL]PN_[JILKMW�RBNPFdNPRgQLR �lK^\l��RTK�GeILVEW7iBª*]_[JV cL\JVYc+VY[lK^W�hHD
3b]�SU[lI�� ­�_  R.Y¡�vsN_GxN_[9[lQLh �lK^O�G*GJVBGJILKX[JSURTKtOM\JN_GJNPOMNP[JR�SUFLW�[lQLcLc+VY\lGJK^W�hHD GJILK:[JSURBK
KM`ENPWLKMFLO^K�SU[TGeILK�RBNPFLN_RgQLR �lKM\J��RBVEWLK^]�i jkILK�O^VYRBcLQdGeS#GeN_VYFsSU]=RBKMGJILVuW N_[fGeIdK
[eSURBKXS#FLW GJILK:GJNPRBKo\JKM�EQdNP\JKMRTKMFaG*N_[x[lNPRBNP]PSU\J]zD �f��� ��
 �	haD O^VYRBcsSU\lNP[lVYF GJVTV#GeILKM\
RTVEWLK^]_[^i

jkILN_[�RTVEWLKM]9�~SU[ [JK^]_K^O�GeK^W¦NPF S#F S;GJGeKMRTcuG�GeV�[JQdcLc.VU\lG�GeIdK�RTN_FLNPRgQdR �lKM\J�
RTVEWLK^].haD�WLK^RBVYFL[�Ge\JS#GeN_FLwXGeILS#G �lK^\l�fRBNPFLN_RTN_[eS#GJNPVYF�DENPKM]PWL[kS#]P].GJILKoO}IsSU\JSUOMGJK^\lNP[lGJNPOM[
VUm'IHQLRfS#F�RTVUGJNPVYFtGeILS#GrSU\lhLN_GJ\eSU\�DZVY\JWLKM\J[�V#msWLK^\lN_`#S#GJN_`YK2RTN_FLNPRBNP[JS#GeN_VYFtSU\lK~O|S#csSUhL]_K
VUmb\lK^cL]_NPO^S#GeN_FLwLi
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jkILKX�2VY\J� VUm2CuVEK^O}IaGeN_FLw�SUFdW � S#O^�HQsSUFLNzGeN~� ­�_  ­ ¡�v'VUmrGJILK 
xK^QL\lVYcLIaDE[JNPVU]PVYwUD �%SUhun
VY\eS#GJVY\lD§S#GoGeIdK '9FLNz`YK^\l[JNzG¨D�VUm ��NPFLFdK^[JV#G}Sdv1]_K^W�GeV�GeIdK�IHDEc+VUGeIdK^[JN_[ZGJIsS#GtRBVUGeN_VYFL[
SU\JK�cL]PSUFLFLKMW�SU[o[lGJ\eSUN_wYIaG*GJ\eS��lKMOMGeVU\JNPKM[oNPF �lVYN_FaGoSUFLwU]PKg[lcsSUO^K#iXjkILN_[/IaDEc.VUGJILK^[lNP[tNP[
K^RBcLNP\lNPO|S#]P]_D�[lQLcLc+VY\lGJK^W7v~SU]_GJILVYQLwYI�OM\JNzGeNPOMNP[lRT[gILS!`UK h.KMK^F�\JSUNP[lK^W�SU[�GeV��=ILK�GeILKM\
[lGe\JSUNPwUIHGJFLK^[l[kNPF �lVUNPFaGkSUFdwY]PK9[JcsSUOMK/NP[~K��ucL]PN_O^NzGe]_D�cd]�SUFLFdK^W�VY\~RTKM\JK^]zDTS:m�QLFLO�GeNPVUF�VUm



�+� 
 ��� � ����� �������!�"��������� �+�#�-� � �����#� � ��� ���
����� � � � 2R5

]PNPRXh��HNPFLKMRfS;GeNPOM[ $ £ VY]_]PKM\JhsSUO}I�SUFLW�ª(GJ�UK^[lVYF�� ­�_  2a¡�&�i+3sVY\=GeILKgcdQL\Jc+VY[JKM[oVUm@\JK^SU]zn
NP[lGJNPO�RBVUGeN_VYF�[lDEFaGeILKM[JN_[:GeIdNP[tO^\lN_GeN_O^N_[JR�N_[tNP\J\lK^]_KM`#SUFaG|i y ILNP]_K�K^RBcLNP\lNPO^SU]�KM`EN_WLK^FLOMK
[JQLcLc+VY\�Ge[9GJILKZO^QL\�`YK^W�FLS#GeQL\lK:V#mrIsSUFLW Ge\JS��lK^O�GeVY\lNPK^[xWLKM\JN_`UK^W�m�\lVYR�[�Ge\eS#NPwYIaG9csS#GeId[
NPF �lVYN_FaGkSUFLwU]PK*[lcsSUOMKUvLNzG(NP[2WLVYQLhuGJm�QL]{�=IdKMGeIdK^\(GeIdK*`YKM]PVEO^N_G¨DBO}IsS#\eSUO�GeK^\lNP[�GeNPOM[(VUm%GeIdK
IsSUFLW �~VUQL]PW O^VY\l\JKM]�S#GJK/�~KM]P]7�=N_GJI�GeILVY[lKtVYhL[JKM\l`UK^W§KMRTcLN_\JN_O|SU]_]_DYi

ª9O^O^VU\JWLN_FLw:GJV:GeIdNP[~RBVEWLK^]�vaRTVUGJNPVYFBNP[@cL]PSUFLFLKMW��HNPFLKMRfS#GJNPO^SU]P]zDgS#G2GeILK9NPFaGe\lNPFL[lNPO
]PKM`UK^]xVUm/GJILK��lVYN_FaGfS#FLwY]PKM[TV#m/GeILK�h.VEWdDUi £ SUFLW c.VY[lN_GJNPVYFL[BSU\lK�[lc.KMO^N_qLK^W S#GBGeIdK
�EFdVUGe[MvsSUFLWTNPFa`YKM\J[JKo�HN_FLK^RTS#GeN_O=O^VYRBcLQdGeS#GeN_VYFL[@SU\JK9FLK^OMK^[l[eSU\�DfGeV:qsFLW�OMVY\J\lK^[Jc+VYFLWEn
NPFLw:c.VY[�GeQL\lK^[MvLhLQdG~[lGe\JSUNPwUIHGJFLK^[l[(NPF �lVYNPFaG~SUFLwY]_K9[lcsSUO^K*RTK^SUFL[2GJIsS#G2GeILKM[JK/c+VY[lGJQL\JKM[
RfS|D�h+KtNPFaGeKM\Jc+VY]�S#GJK^W ]PN_FLK|S#\J]_DB�=N_GJILVYQdGkm�Qd\lGeIdK^\x\JK^OMVYQL\l[JKtGeVBNPFa`YKM\J[JKZ�HNPFLKMRfS;GeNPOM[^i
jkILK:\lK^]PS#GeNz`YKoO^VURTcLQuG}S#GJNPVYFsS#]{O^VURTcL]_K��uN_G¨DfVUm GeILKtRBVuWLKM]7NP[(GJILK^\lKMm�VY\lK � � �ri

ª�m�VY\lRfS#]PNP[JS#GeN_VYFfV#m GJILKtRTVEWLKM]7\JKM�EQdNP\JKM[xS�]PS|� VUm��HNPFLKMRfS;GeNPO*O^VY\l\JK^[lc.VUFLWLK^FdO^K
h.K�G¨�~KMK^F M(SU\�GeKM[JN�S#F�SUFdW �lVUNPFaGxSUFLwY]_Ko�HFLVUGe[Mi
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jkILK�IHDEc+VUGeIdK^[JN_[ GJIsS#G1RBVUGJNPVYFL[7SU\JKrcL]PSUFLFLKMWZSU[1[lGJ\eSUN_wYIaG%csS#GeId[1NPF �lVYNPFaG%S#FLwY]PKb[JcsSUOMK
WLVuKM[9FdVUG*RTSU�#KXSUFaD K �dcd]PNPOMN_G=\lKMm�K^\lK^FLOMKXGeVBIsSUFdW�`YKM]PVEO^NzG¨DYi P�G9NP[kGJILK^\lKMm�VY\lK:QLFd\JK|S¤n
[JVYFsS#hL]PKfGJV§GeKM[lGgGJILNP[gIaDEc+VUGeILKM[JN_[^v@SUFLW�NzGe[�SUcdcL]PN_O|SUhLN_]PNzG¨D�GeV�RBVUGJNPVYF�cL\JVEWLQLO�GeNPVUF
hHDBRBK|SUFd[2VUm{]PN_FLK|SU\ �lVUNPFaG2SUFLwY]_KxN_FaGeK^\lc.VU]�S#GJNPVYF�SU]_VYFLK#i y ILN_]PK=]PN_FLK|SU\rN_FaGeK^\lc.VU]�S#GJNPVYF
NP[oGeILKB[JN_RTcd]PK^[�GtNPRBcL]PKMRTKMFaG}S#GJNPVYF§V#m~GeIdKTIaDEc.V#GeILKM[JNP[:N_GtN_[ZWdK^[JN_\eSUhd]PK�GeV O^VYRXhLNPFLK
�lVYNPFaGxSUFLwU]PKoNPFaGJK^\Jc+VY]PS#GeN_VYFf�=N_GJI c.VUGJK^FaGeNPSU]P]zDBRTVY\lKtSUO^OMQL\eS;GeKo`YKM]PVEO^N_G¨D�cL\JVUqL]PK^[Mi

jkIL\lK^Krm�QL\�GeILKM\1NPFaGe\lNPFL[lNPOb�HN_FLK^RTS#GeN_ObRBVuWdK^]P[Mv¤SUFsSU]_VYwYVYQd[{GeV(GJILKrK��EGe\lNPFL[lNPO0M(SU\�GeK n
[JN�S#FXNPFaGJK^\Jc+VY]PS#GeN_VYFL[^v!�2K^\lK2GeIdK^\JK�m�VY\JK2WLKM`UK^]_VYc.KMW3/ RTN_FLNPRgQdR�SUFLwUQL]�SU\ SUOMO^KM]PK^\JS#GeN_VYF7v
�lK^\J��SUFLW�[JFLSUc7i�jkILKtVY\JN_wYNPFLSU]'IHDEc+VUGeIdK^[JN_[kGeIsS#G=RBNPFdNPRgQLR M(S#\lGeKM[JNPSUF �lK^\J�BGe\JS��lK^O n
GeVY\lNPK^[B\JKMWLQLOMK��~K^SU\�S#FLW�GeK^SU\BVYF GJILK�RgQd[JO^Qd]PV#n�[J�UKM]PK�G}SU]x[lDE[lGJK^R NP[BRfS#NPFaG}SUN_FLK^W
KM`YKMF RTVY\lK=[lGe\lVYFLwY]zDBhHD�GJILK*OMVYFLO^KMcdGkVUm7RTN_FLNPRgQdR�SUFLwUQL]�SU\ �lKM\J��Ge\JS��lK^O�GeVY\�DTcd]�SUFun
FLNPFLwdi � NPFLN_RgQLR�S#FLwYQL]PSU\kSUOMO^K^]_K^\JS#GeN_VYF SUFLW [JFsSUc �2K^\JK:NPFLOM]PQLWdK^W h.KMO|SUQd[JKZN_Gk�~SU[
K��uc.KMOMGJK^W GeIsS#G�RTN_FLNPRgQdR SUFLwYQL]PSU\f[lFsSUc �2VYQL]PW cd\JV!`YK�NPFdWLNP[�GeNPFdwYQLNP[lIsSUhL]_K�m�\JVYR
RTN_FLNPRgQdR SUFLwYQL]PSU\ �lKM\J�'v7GeIHQL[t\JS#GeNzm DuN_FLwTGJILK�]�S;GJGeKM\^« [/[JQu¥TOMNPKMFLOMDUv�S#FLW�RTN_FLNPRXQLR
SUFLwYQL]PSU\2SUO^OMK^]PKM\eS#GJNPVYFB�~VUQL]PWTK^N_GJILK^\~SU]P[lVXcL\lV!`YK/[JS#GeN_[lm�SUO�GeVY\�DYvEVY\~WLKMRTVUFL[lGJ\eS#GJK9GeIdK
\JK^�HQLN_\JKMRTKMFHG=m�VY\kWdK^\JNz`#S#GeNz`YKoRBNPFLN_RTN_[eS#GJNPVYFBVUmbS#Gx]PK|S#[lGkGeIdKtGJILNP\lW VY\JWLKM\^i
M~VYRBcLQdGeS#GeN_VYFsSU]UO^VYRBcL]PK �uN_G¨Dom�VY\�SU]P]YGJIL\JKMK~RBVuWdK^]P[%N_[�OMVYRTcLSU\eSUhd]PKUv;hLQdGb[J]_NPwYIaGe]zD

ILNPwYIdK^\=GeIsSUF GeILS#G*V#m�]PN_FLK|S#\ �lVYNPFaG9SUFLwY]_KtNPFaGeKM\Jc+VY]�S#GJNPVYF{i@jkIdKZGJILK^VY\lKMGJNPO|S#] RBKMGJILVEW
NP[oGeILK�[JSURTK /:N_Fa`YK^\l[JKB�HNPFLKMRfS#GJNPOM[/DuN_K^]_WL[tc.VY[�GeQL\lK^[ZO^VY\l\JKM[Jc+VYFLWLN_FLw GJV�K^SUO}I �HFLV#G
c.VYN_FaG|v=SUFLW�GJILK^[lK§c+VY[lGJQL\JKM[ SU\JK�NPFaGeKM\Jc+VY]�S#GJK^W7i jkILK§WLVURTN_FsSUFaGfOMVYRBcLQdG}S;GeNPVUFsSU]
m�SUOMGJVY\rNP[�GJ\eS��lKMOMGeVU\lDgN_FaGeK^\lc.VU]�S#GJNPVYFX�=NzGeI�RBNPFLN_RTN_[JK^W:WLK^\lN_`#S#GJN_`YKM[^vHSUFdW�GJILK=\JKM]�S#GJN_`YK
O^VYRBcL]PK �uN_G¨D�N_[ � � �ri
3sVY\lRfSU]@WLK�qsFLN_GJNPVYFd[Xm�VY\XGJILK�GeIL\lK^K�RBVuWdK^]P[gSU\JK�S#FsSU]PVUwYVYQL[XGJV§GeIsS;G�VUmx]PNPFdK|SU\

��RBNPFLN_RgQLR `YK^]_VuOMN_G¨Dd¡�SUFLwUQL]�SU\�N_FaGeK^\lc.VU]�S#GJNPVYF7i�jkILK�NPFaGeKMwY\eSUFdW¦N_F GeILK�VYcdGJNPRTSU]
[JcL]_NPFLK/[lc.KMO^NzqsO|S#GJNPVYF�N_[kSg[JKMO^VYFdW7vLGeILN_\JW�S#FLW�m�VYQL\lGJI�WLK^\lN_`#S#GJN_`YK9m�VY\~GeIdK/RTN_FLNPRXQLR
SUO^OMK^]PKM\eS#GJNPVYF{v �lKM\J��S#FLW [JFsSUc O^SU[JKM[ \lK^[lc.KMOMGeNz`YKM]_DYi jkILK�WLKMqsFdN_GeN_VYFL[�ILS!`UK�h.KMK^F
VYRTNzGJGJK^W�ILKM\JKtm�VY\(GeILKt[JSU�UKZVUm�hL\JK�`uNzG¨D�hLQdGxRTS|D�h+Ktm�VUQLFLW NPF ª*cLc+K^FdWLNz� ª:i
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jkILK�RBNPFdNPRgQLR �lKM\J� `EN_\lGeQLSU]*Ge\JS��lK^O�GeVY\�D � � + 1/jx¡�O^VYFaGJ\JVY]oIaDEc.V#GeILKM[JNP[��~SU[ NPFun
GeK^FdWLK^W§GJVf\JKMcL]PN_O|S#GJKZGJILK:�2VY\l�E[lcsSUOMK�WLK^c+K^FLWdK^FaGoFsS#GJQL\JK:VUm�GJ\eS��lKMOMGeVU\lD O^QL\�`#S#GeQL\lK
SUFLW�N_FsSUOMO^QL\JSUO^N_K^[BVUmtSUO�GeQsSU]=IHQLRTSUF�RBVUGJNPVYFL[ $ 3b]PSU[JI � ­�_  5Y¡�&�i�P�GT\JKMcL\JKM[JK^FaGJ[�S
[JNPwUFLN_qsO^SUFaG=WLKM`UK^]_VYcLRBK^FaG*V#mK3b]PSU[JI{«¬[kVY\lNPwYN_FsSU]+RTN_FLNPRXQLR �lKM\J��IaDEc+VUGeILKM[JN_[^i

� RBcLNP\lNPO|S#]2K�`uN_WLK^FdO^K [JQLcLc+VY\�Ge[�GeILK�qLWLK^]_N_G¨D�V#m	� + 1*j m�VY\g`#SU\lNPVYQd[�RTVUGJNPVYFd[^i
M~\JN_GJNPOM[ZILS!`UKTVUhL[JKM\l`YKMW GeILS#GtGeILKBRTVEWLKM]�WLVEK^[ZFLVUGt\JKMcL]PN_O|S#GJK�IEQdRfSUF�RBVUGeN_VYF�SUO�n
O^QL\JS#GeKM]_D�m�VY\tm�SU[lGf��QLFLWLKM\ Q i $ [lK^OMVYFLWL[e¡:c.VUNPFaGln�c.VYN_FaGoRTV#GeNPVUFL[^v SUFLW�GeIsS;GXNzG:WdVuKM[
FLVUG:[JQLcLc+VY\�GgRBV¤`UK^RBK^FaG:\JKMqLFLK^RBK^FaGg�=NzGeI�cL\eSUO�GeN_[JK $ �tS|�(S;GeV�� ­�_5_ (Y¡ &pifjkILKf]PS#Gln
GeK^\9O^VYRBcL]PSUNPFaG=NP[xNP\l\JKM]PKM`#SUFaG=m�VY\xSUFLN_RfS;GeVY\k[lc.KMO^N_qLK^W§RBVUGeN_VYF [lDEFaGeILKM[JNP[Mv7SUFdW�N_G9NP[
wYK^FLKM\eSU]_]_D�SUO^OMK^cdGJK^W�GJIsS#GkGJILKtRTVEWLK^]{IsSU[k`YKM\lD wYVEVuW \lK^cL]_NPO|S;GeNPVUFfqsWLKM]PN_G¨DUi

jkILK�RBVuWdK^]�N_[oh.VY\lWLK^\l]PN_FLKg�HNPFLKMRfS;GeNPO �#WdDEFsSURBNPO:[JN_FLO^KBSU]zGeILVYQdwYI�RTV#GeNPVUFL[oSU\lK
cL]�SUFdFLK^W�N_FfK��EGJ\JNPFd[JNPO9�HNPFLKMRfS#GJNPOx[JcsS#O^KUvLSUF�VYFun�]PNPFdKxcd\JVEO^K^[l[kwYV!`YKM\JFL[(RBVUGJNPVYFTcL\JV#n
WLQLOMGJNPVYFfhHDB\lK^wYQL]PS#GeN_FLwZRgQL[JOM]PKxm�VY\JOMK^[~�=NzGeIf[lcL\JN_FLw#n�WsSURBc.KM\@[�DE[lGeKMRT[Mv �� ��^ PvENPFaGe\lNPFun
[JNPO@WdDEFsSURBNPOM[^i�P¨RTcL]_K^RBK^FaG}S;GeNPVUFtGJIHQL[b\lK^�HQLNP\lK^[%GeILK2cL]�S#FLFLNPFdwxcdIsSU[JK~SUO^OMVYRBcL]PN_[JILKMW
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RfSUFdWLNPFLwXO^VYRBcLQdGeS#GeN_VYFsSU]_]_DYi�P¨F�VY\lWLK^\~GJV�cL\JKM[JKM\l`YKt[lVYRTK*VUm1GeILKMNP\(O}ILSU\eSUO�GeKM\JNP[�GeN_O^[^v
�=ILNP]_K�m�S#O^NP]_N_GeS#GeN_FLwfRBVY\JK�\JSUcLN_W�OMVYRTcdQdG}S#GJNPVYF§GJILKBRTN_FLNPRgQdR GJVY\J�HQLKBc.VU[lGeQd\JK�NPFun
GeK^\lc.VU]�S#GJNPVYF�� ��j �@¡kRBKMGJILVEW �~SU[xWLK^[lNPwYFdK^W7i

jkILN_[~RBVuWdK^]'NP[@K��uc+K^\JN_RTKMFaG}SU]+SUFLWfhsSU[JKMW�VYFfIHQLRTSUF�RBVUGJNPVYFBcL\JVEWLQLO�GeN_VYFfVYFd]_D
NPFg[lV/m�SU\�SU[bN_G�NP[b\lK^]PS#GeKMWXGeV*GJILK(RBNPFLN_RgQLR�GJVY\J�HQLK(O}ILSUFLwYK(IaDEc+VUGeILKM[JN_[^i�ª9O^O^VU\JWLN_FLw
GeVZRTN_FLNPRgQdR GJVY\J�HQLKxc.VU[lGeQd\JK=NPFaGeKM\Jc+VY]�S;GeNPVUF7vYRBVUGeN_VYFL[rSU\lK=WLK^\lN_`YKMWfhaD�NPFaGJK^\Jc+VY]PS#Gln
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ITERATIONS for CYCLIC spline optimisation
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