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EF GHIJKI LFFE MHNO PQRHSGPSHQT UHQVWTNVQIX SVX QH
NGI KHYNVGPI ZP[OPSO \HQP]HUP^O _ONV`Oa
ZP[OPS \HQP]HUP^ KHNPSQI U _PVUVa bKVNGcc deHfSg HG HeHG^PS hO GVQeHSTeH NGVi NH GO^OSO jVSPeHikXV^VQXUVGGHi UHiGla j mnoE MaZP[OPS \HQP]HUP^ JlS

RKPhUOG U KINl bHUVXQeHi pKWPPa j mnoq Ma NVWHJPfSPhHUOSQI P RHQXgRPS U rOKTeHUQePi gGPUVKQPXVXa sHN
USPIGPVW QUHVMH RKVRHNOUOXVSI WOXVWOXP^VQeHMH OGOSPfhO ja_a tOSXOMP ZP[OPS \HQP]HUP^ hOPGXVKVQHUOSQI
UHRKHQHW H KOQRKHQXKOGVGPP eSOQQP^VQeHi XVHKVWl uPfWOGOHJgQSHUGH Q[HNIvP[QI KINO[GO QSg^Oi eHGV^GHWVKfGl[ P JVQeHGV^GHWVKGl[ GHKWPKHUOGGl[ RKHQXKOGQXUa
jOYGlW QHJlXPVW IUPSQI Ul[HN U QUVX U mnow Ma eGPMP
batOGO[O x_gKQ ]gGe`yHGOSTGHMH OGOSyhgz{geKOPGQeHMH
RVKVUHNO hGOWVGPXHiWHGHMKO]PP x|}~���y� ��� �� ~����y����y� ~��y���za �XP NUO QHJlXPI UH WGHMHW HRKVNVSPSP eKgMGOg^Gl[ PGXVKVQHU ZP[OPSO \HQP]HUP^Oa
sH HeHG^OGPP gGPUVKQPXVXO U mn�F MaZP[OPS\HQP]HUP^ gV[OSKOJHXOXT U MaZOeVVUeO�HGV`feHi HJSOQXPa �NVQT{ UNOSP HX WOXVWOXP^VQeP[ `VGXKHU{ VMH xGOg^GlW KgeHUHNPXVSVWz IUSIVXQI

UldVgRHWIGgXOI eGPMO tOGO[Oa j �XHi eGPMV JlSH Q]HKWgSPKHUOGH WGHMH HXeKlXl[ RKHJSVWa
sVKUHi RKHJSVWHi{ RKPUSVedVi VMH UGPWOGPV{ JlSO RKHJSVWO H XHRHSHMP^VQeHi �eUPUOSVGXfGHQXP JVQeHGV^GHWVKGl[ RKHQXKOGQXU tOGO[O{ U ^OQXGHQXP{ UHRKHQ{ MHWVHWHK]Gl SP RKHQXKOGfQXUO �� P ��F� m� P RKHQXKOGQXUO �� P ��F� m�a ZP[OPS \HQP]HUP^ GO^OS Q RHRlXeP gQXOGHUSVfGPI MHWVHWHK]PhWO RKHQXKOGQXU �� P ��a j XH UKVWI GV JlSH NHQXOXH^GH KOhUPXHMH ORROKOXO GVfSPGViGHMH ]gGe`PHGOSTGHMH OGOSPhOa bXOGNOKXGli WVXHN{ gQXOGOUSPUOcvPi MHWVHWHK]GHQXT

RKHQXKOGQXU �� { m
6 � � ∞{ GV KOJHXOSa �SI KVdVGPI hONO^P H MHWVHWHK]GHQXP �� P �� ZPf[OPS \HQP]HUP^ PQRHSThgVX ORROKOX GOPSg^dP[ RKPJSPYVGPia �VRHQKVNQXUVGGH RKPWVGPXT VMHHeOhOSHQT GVUHhWHYGH{ XOe eOe RHQSVNHUOXVSTGHQXT geSHGVGPi U eOGHGP^VQeHi GHKWV �� NOGGHMH

�SVWVGXO GVRKPMHNGO NSI gQXOGHUSVGPI UhOPWGHi HNGHhGO^GHQXP HXHJKOYVGPia �SI RKVHNHSVfGPI �XHMH RKVRIXQXUPI ZP[OPS \HQP]HUP^ UUVS U �� GHUgc GHKWg XPRO GHKW kKSP^O P{ PQRHSTfhgI RHQSVNHUOXVSTGHQXT geSHGVGPi NOGGHMH �SVWVGXO HX RHNRKHQXKOGQXU{ GOXIGgXl[ GO RVKUlV �
UVeXHKHU VNPGP^GHMH JOhPQO U �XHi GHUHi GHKWV{ gQXOGHUPS MHWVHWHK]GHQXT �� P ��a
j RHQSVNgcvPV MHNl ZP[OPS \HQP]HUP^ gQXOGOUSPUOVX MHWVHWHK]GHQXT KOhSP^Gl[ eSOQQHU

RKHQXKOGQXU tOGO[Oa �OeHGV`{ U mnqq Ma HG gQXOGOUSPUOVX MHWVHWHK]GHQXT UQV[ JVQeHGV^GHWVKfGl[ QVROKOJVSTGl[ RKHQXKOGQXU tOGO[Oa �VQHWGVGGH{KVdVGPV �XHi hONO^P �KVdV�tOGO[O JlSHHNGPW Ph GOPJHSVV UOYGl[ WHWVGXHU U PQXHKPP KOhUPXPI XVHKPP JOGO[HUl[ RKHQXKOGQXUapRROKOX{eHXHKliZP[OPS\HQP]HUP^ KOhUPS{KVdOI �Xg hONO^g{ HeOhOSQI H^VGT UOYGlWa kG
QHhNOS NUO WVXHNO{ GOhUOGGlV WVXHNHW eHHKNPGOX P WVXHNHW �eUPUOSVGXGl[ GHKWa �KgJH MHUHKI{
WVXHN eHHKNPGOX QHQXHPX U XHW{ ^XH VQSP � P � � NUO JOGO[HUl[ RKHQXKOGQXUO Q JOhPQOWP { ¡}P {¢¡}{ XH MHWVHWHK]PhW gQXOGOUSPUOVXQI XOePW HJKOhHW{ ^XH NSI ScJHMH RHNWGHYVQXUO £ GOfXgKOSTGl[ ^PQVS RHNRKHQXKOGQXUH{ GOXIGgXHV GO { ¡ ¤ � ∈ £}{ RVKV[HNPX GO RHNRKHQXKOGQXUH{
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GOXIGgXHV GO {¢¡ ¤ � ∈ £}ajXHKHi WVXHN{KOhKOJHXOGGli ZP[OPSHW \HQP]HUP^VW{� �XH WVXHN �eUPUOSVGXGl[ GHKW{ QHfQXHIvPi U QSVNgcvVWa j NOGGHW RKHQXKOGQXUV tOGO[O UUHNPXQI �eUPUOSVGXGOI GHKWO{ eHXHKOI
PWVVX QUHiQXUO{ JSPhePV e QUHiQXUOW GHKWl U MPSTJVKXHUHW RKHQXKOGQXUVa Oe{ GORKPWVK{ NSI
RHQXKHVGPI MHWVHWHK]PhWOZP[OPS\HQP]HUP^UUHNPX �eUPUOSVGXGgcSHeOSTGHKOUGHWVKGHUlfRgeSgc GHKWga �XO GHKWO HJSONOVX NUgWI UOYGlWP QUHiQXUOWP MPSTJVKXHUHi Q]VKl¤ RVKUHV �Q]VKO GV QHNVKYPX HXKVheHU P UXHKHV � GO Q]VKV QSOJOI P GHKWPKHUOGGOI XHRHSHMPP QHURONOcXajRHQSVNQXUPP UXHKHV QUHiQXUH Q]VKl QXOSH GOhlUOXTQI QUHiQXUHW _ONV`Oa
j GOQXHIvVV UKVWI XVHKPI RVKVGHKWPKHUHe P VV RKPSHYVGPI RKVUKOXPSPQT U HXNVSTGgc HJfSOQXT XVHKPP RKHQXKOGQXU tOGO[Oa �GO^PXVSTGlV ^OQXP WHGHMKO]Pi¤�a�a���{ x������ �y����������z{ ���y�����������{ mn�E� �a �y�����{ x�������� �� �����} ������z{ ���y�����������{ mn��{RHQUIvVGl �XHi XVHKPPa ZHGHMKO]PI¤ �a ���y���{ �a �������� ��� �a  y!��� x�����}���� ���������y��� y� �����} ������z{ "������ ��y���y#� ��� |��}�y���{$y���{ mnnE{ RHSGHQXTc RHQUIfvVGO XVHKPP RVKVGHKWPKHUHea kXWVXPW XOeYV{^XHGVNOUGH JlSUUVNVGeSOQQGVSPGViGl[ HXHJKOfYVGPi{ GOhUOGGl[ xQPMWO�QKVhH^GH GVRKVKlUGlWPza sH QgvVQXUg �XHX eSOQQ UHQ[HNPX e MHWVHfWHK]PhWg{ RHQXKHVGGHWg ZP[OPSHW \HQP]HUP^VWa bOW ZP[OPS \HQP]HUP^ PQRHSThHUOS WVXHN

�eUPUOSVGXGl[ GHKW NSI NHeOhOXVSTQXUO XHMH ]OeXO{ ^XH eOYNHV QVROKOJVSTGHV RKHQXKOGQXUH
PWVVX GVSPGViGli HRVKOXHKGli JOhPQa
uVdOI RKHJSVWg H MHWVHWHK]PhWV{ ZP[OPS \HQP]HUP^ ROKOSSVSTGH hOGPWOSQI P NKgMPWP

UOYGlWP UHRKHQOWP MVHWVXKPP JOGO[HUl[ RKHQXKOGQXUa kG GOdVS RVKUHV RKPSHYVGPV XVHKVfWl tPdHRO��VSRQO H SPGViGl[ ]gGe`PHGOSO[{ NHQXPMOcvP[ QUHVi GHKWl¤ O PWVGGH RHeOhOS{^XH QVROKOJVSTGHV RKHQXKOGQXUH tOGO[O NHRgQeOVX NP]]VKVG`PKgVWgc RH �KVdV GHKWg XHMNO P
XHSTeH XHMNO{ eHMNO VMH QHRKIYVGGHV QVROKOJVSTGHa �OWVXPW{ ^XH �XO [OKOeXVKPhO`PI QlMKOSO
UOYGgcKHST U KOJHXV %apQRSgGNO HJPhg^VGPP XH^Ve NP]]VKVG`PKgVWHQXP RH �KVdV GVRKVKlUfGl[ UlRgeSl[ ]gGe`Pi U RKHQXKOGQXUV tOGO[Oa �H QP[ RHK HQXOVXQI HXeKlXlW UHRKHQ H [OKOefXVKPhO`PP JOGO[HUl[ RKHQXKOGQXU{ NHRgQeOcvP[ NP]]VKVG`PKgVWgc RH �KVdV GHKWg U HJvVW
&GVQVROKOJVSTGHW' QSg^OVa
ZP[OPS\HQP]HUP^ GOdVSPhIvGHV GVHJ[HNPWHV gQSHUPV JVhgQSHUGHi Q[HNPWHQXP KINHU U XVKfWPGO[ WHNgSI UlRgeSHQXP RKHQXKOGQXUO tOGO[Oa �XH gQSHUPV IUSIVXQI RKVNdVQXUVGGPeHW gQSHfUPI GVXKPUPOSTGHQXP eHXPRO RKHQXKOGQXU tOGO[Oa rHKHdH PhUVQXGO [OKOeXVKPhO`PI Za\a _OfNV`O JOhPQHU(OgNVKO P )VhOKH U XVKWPGO[ P[ WgSTXPRSPeOXHKHUa
ZP[OPS\HQP]HUP^ hOGPWOSQI UHRKHQOWP H RHNRKHQXKOGQXUO[ *� P{PQQSVNgI P[{ hORHSGPS GVfeHXHKlV RgQXlV WVQXO U XOJSP`V H SPGViGl[ KOhWVKGHQXI[ Ph eGPMP ba tOGO[Oa kG GOdVS OQPWRfXHXP^VQeP XH^GlV H`VGeP NSI WHNgSI UlRgeSHQXP U RKHQXKOGQXUO[ *� { m �� 6

La
�XP KVhgSTXOXl UlNUPGgSPZP[OPSO\HQP]HUP^O U ^PQSH HQGHUHRHSHYGPeHU QHUKVWVGGHi XVfHKPP JOGO[HUl[ RKHQXKOGQXUa j qF�V MHNl ZP[OPS \HQP]HUP^ GO^OS QHhNOUOXT deHSg XVHKPPJOGO[HUl[ RKHQXKOGQXU U rOKTeHUVa uVhgSTXOXl �XHi deHSl QXOGHUIXQI dPKHeH PhUVQXGlWP{ U

^OQXGHQXP{ U gRHWIGgXHi eGPMV ZaZa��I [OKTeHUQePi YgKGOS xVHKPI ]gGe`Pi{ ]gGe`PHGOSTfGli OGOSPh P P[ RKPSHYVGPIz RVKV^PQSVG QKVNP RIXP HQGHUGl[ YgKGOSHU{ RgJSPegcvP[ QXOXTP
RH XVHKPP JOGO[HUl[ RKHQXKOGQXUa
j NOSTGVidVW ZP[OPS \HQP]HUP^ KOQdPKIVX eKgM QUHP[ PGXVKVQHUa �OGPWOIQT RH^XP RVKPfHNP^VQePWP ]gGe`PIWP QH hGO^VGPIWP U RKHQXKOGQXUO[ tOGO[O{ HG RHeOhOS{ ^XH WOeQPWOSTGli

eSOQQ RKHQXKOGQXU tOGO[O{ U eHXHKHW QRKOUVNSPUO XVHKVWO tHSI�tHKO H GVHRKVNVSVGGl[ PGXVMfKOSO[ HXRH^XP RVKPHNP^VQeP[ ]gGe`Pi QH hGO^VGPIWP U JOGO[HUHW RKHQXKOGQXUV{ QHQXHPXPh RKHfQXKOGQXU{ GV QHNVKYOvP[ RHNRKHQXKOGQXU{ PhHWHK]Gl[ ��a
ZP[OPS \HQP]HUP^ GOdVS &U QHOUXHKQXUV QH QUHPW g^VGPeHW Za�a bGHJOKHW' OQPWRXHXP^VQfeP XH^Ggc H`VGeg RKHVe`PHGGl[ RHQXHIGGl[ eHGV^GHWVKGl[ GHKWPKHUOGGl[ RKHQXKOGQXUa �XOH`VGeO P H`VGeP ja\a �gKOKPI{ Za\a _ONV`O P ja\aZO`OVUO NSI KOQQXHIGPi tOGO[O�ZOhgKOWVYNg GVeHXHKlWPeSOQQP^VQePWPeHGV^GHWVKGlWP RKHQXKOGQXUOWP JlSP HNGPWPPh RPHGVKQeP[

KVhgSTXOXHU SHeOSTGHi XVHKPP JOGO[HUl[ RKHQXKOGQXUa
\h JHSVV RHhNGP[ KVhgSTXOXHU gRHWIGVW XVHKVWg H XHW{^XH QXKHMH GHKWPKHUOGGHV RKHQXKOGfQXUH tOGO[O Q+�QUHiQXUHW{ GV QHNVKYOvVV ��{ IUSIVXQI QPWWVXKP^GH SHeOSTGH KOUGHWVKGH UlfRgeSlWa �XHX PhIvGli KVhgSTXOX IUSIVXQI XVHKVWHi GHUHMH XPRO{ QUIhlUOcvVi MVHWVXKP^VQePV

QUHiQXUO Q XHRHSHMP^VQePWPa kJHJvVGPV �XHi XVHKVWl SVYPX U HQGHUV [OKOeXVKPhO`PP JOGO[Hf
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Ul[ RKHQXKOGQXU{ NHRgQeOcvP[ SHeOSTGH KOUGHWVKGH UlRgeSgc RVKVGHKWPKHUega
_Oe Wl gYV gRHWPGOSP{ ZP[OPS \HQP]HUP^ VvV U QXgNVG^VQePV MHNl hOGPWOSQI UHRKHQHW

KOQRKHQXKOGVGPI XVKVWl uPWOGO HJ gQSHUGH Q[HNIvP[QI KINO[ GO QSg^Oi RKHQXKOGQXU tOGO[Oa
j mnwn MaHG U QHOUXHKQXUV Q _ajHhGIeHUQePW NHeOhOS{^XH U eOYNHW JVQeHGV^GHWVKGHW RKHQXKOGfQXUV tOGO[O QgvVQXUgVX KIN{ HJSOQXT QgWW eHXHKHMH QHQXHPX Ph NUg[ XH^Vea
ZP[OPS \HQP]HUP^ RHSg^PS XOeYV UOYGlV KVhgSTXOXl{ SVYOvPV hO RKVNVSOWP XVHKPP JOfGO[HUl[ RKHQXKOGQXU¤ U XVHKPP ORRKHeQPWO`PP P MOKWHGP^VQeHW OGOSPhVa kG GOdVS gXH^GVGPVXVHKVWl )VJld�UO HJ OSTXVKGOGQV RHSPGHWO GOPSg^dVMH RKPJSPYVGPIa rHKHdH PhUVQXGO VMH

xXVHKVWO HJ m�oz � NHeOhOXVSTQXUH XHMH{ ^XH m�o IUSIVXQI GOPSg^dVi RHQXHIGGHi U XVHKVWV s�fSP�jPGVKO H GVMOKWHGP^VQeP[ KINO[abHUWVQXGOI Q pa sVS^PGQePW QXOXTI ZP[OPSO \HQP]HUP^O x�����{ �������� ��������� ���
������������ ��������� y� �}� ������ *�z IUSIVXQI HNGHi Ph GOPJHSVV PhUVQXGl[ P GOPJHSVV ^OQfXH `PXPKgVWl[ U XVHKPP JOGO[HUl[ RKHQXKOGQXU KOJHXa j GVi GO HQGHUV UUVNVGGl[ ZP[OPSHW
\HQP]HUP^VW U HNGHi Ph VMH KOGGP[ KOJHX WGHYVQXU £�� KOhKOJHXOGO XV[GPeO{ RHhUHSPUdOI OUfXHKOW RHSg^PXT JHSTdHV eHSP^VQXUH RKPG`PRPOSTGH GHUl[ KVhgSTXOXHU HJ PhHWHK]GHi QXKgefXgKV RHNRKHQXKOGQXU RKHQXKOGQXUO *� a �VeHXHKlV Ph �XP[ KVhgSTXOXHU PWVcX WGHMH^PQSVGGlV
RKPSHYVGPI U XVHKPP ORRKHeQPWO`PPa
ZGHMH UKVWVGP P QPS ZP[OPS \HQP]HUP^ HXNOS RVNOMHMP^VQeHi KOJHXVa _Oe gYV JlSH QeOfhOGH{ JSOMHNOKI Za\a _ONV`g U rOKTeHUV JlSO QHhNOGO deHSO XVHKPP JOGO[HUl[ RKHQXKOGQXUa�VGXKHW �XHi deHSl IUSIVXQI RHQXHIGGH NViQXUgcvPi QVWPGOK U rOKTeHUQeHi MHQgNOKQXUVGfGHi OeONVWPP MHKHNQeHMH [HhIiQXUO{ U eHXHKHi ZP[OPS \HQP]HUP^ KOJHXOVX Q mnq� Ma RH GOQXHIfvVV UKVWIa ZP[OPS \HQP]HUP^ NHSMPV MHNl ^PXOS U rOKTeHUQeHW gGPUVKQPXVXV GV XHSTeH egKQ

]gGe`PHGOSTGHMH OGOSPhO{ GH P KIN QRV`egKQHU RH XVHKPP JOGO[HUl[ RKHQXKOGQXU¤ xuINl U RKHfQXKOGQXUO[tOGO[Oz{ xtPHKXHMHGOSTGlV QPQXVWlP JOhPQlz{ xVHKPI RVKVGHKWPKHUHezP NKa %MH
QXPST ^XVGPI SVe`Pi � �XH UlUVKVGGli HXXH^VGGli SOeHGP^Gli Ihle GO ]HGV ]PSPMKOGGHi XV[fGPeP OGOSPhO P MVHWVXKPPa j QHOUXHKQXUV Q jaZa _ONV`HW HG GORPQOS WHGHMKO]Pc x���y�� y�
�����} ������¤ ����y�y���� ��� ������y�y���� �����������z{ �y��}������{ �����{ mnn�a �XO WHGHfMKO]PI IUSIVXQI GOPJHSVV OUXHKPXVXGlW PQXH^GPeHW PG]HKWO`PP RH XVHKPP KINHU U JOGO[HUl[
RKHQXKOGQXUO[a 	ZP[OPSO \HQP]HUP^O WGHMH g^VGPeHU¤ mn Ph GP[ hOvPXPSP eOGNPNOXQePV NPQfQVKXO`PP{ � QXOSP NHeXHKOWP GOgea j GOQXHIvVV UKVWI g^VGPeP ZP[OPSO \HQP]HUP^O KOJHXOcX
UHWGHMP[ QXKOGO[WPKO¤ tHSMOKPP{�VKWOGPP{\hKOPSV{\QROGPP{uHQQPP{bPKPP{b(pP	eKOfPGVa ZP[OPS \HQP]HUP^ IUSIVXQI hOQSgYVGGlW NVIXVSVW GOgeP P XV[GPeP 	eKOPGla
Zl YVSOVW ZP[OPSg \HQP]HUP^g hNHKHUTI P WGHMP[ SVX XUHK^VQeHi OeXPUGHQXPa
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