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aload 4
getfield #68 <Field Bar a>
getfield #72 <Field Foo f>
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����� ���������'�(���(� .���)/� �����43 ��
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��� = )������ ��#� �� � �/� ���%��� � �#��� 3 0
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� �/� � )#= - �(� �� �='���*���#� �/�(�43/�43 � � �*� $#�(� ������3��(���* �(���(���*���#9 ���������)�� � ������� �� ��.����/9#� � = ,
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� )%� �/= .���*� � .���� - ���4= �%��� - � ���43�)/�(�43 � � �#)���./��� - ��4=
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NI`1`XJYZIQ<FiEaQgH8G ^ baG£j[E�baGRF!E,`8UXJPZRCgH2NOS HKEaU�HKC<EWd§NO`1H8ZREsHXw6EadYj¤t�B G(w6Q<j!HKC<JP`�H~o ^ E�GIS�JPQ<j<JPUXE,bsHKJPGRQ¤x
j6NOHKN�¯6G�V NIQ6NOdPo±`XJP`DJY`DQ<Eab,E,`1`KNIU|oRt

ª�« A¬s¬L<�� ZRJPLIE,`?c[`?HKC<E/NIl<JYdPJPH~o�HXG\U1E ^ U1E,`XEaQgH2N ^ UXGIZRUKNIF	NI`?N\ZRUXN ^ C¦VWC<GI`XE/LREaU1HXJYb,Ea`+NIU1E
b,GIQ<Q<E,bsHKEaj}l<NI`XEaj}GIQ ^ GI`X`XJPl<dYE�j6NOHKNO¯6G�V ^ NOHKC[`,t���E ^ E,Q[j<JYQ<Z¦GRQ�VWC6NOHD®�JPQ<j�GIS�JPQ[STGRUXFiNOHXJYGRQ
V�E�VANIQgH&x£HXC<E,`1E�LIE,U1HXJYbaE,`AbaGRQgH{NIJPQ�j<JM��EaUXEaQ�H�j6NOHKNzNOl GRc£H�HXC<E ^ UXGRZRUXNIF}t��~Q�GIc<U�b,NI`XEOx£V�E\c<`1E
E£¶ A'CO]�? D��! ¶ D"�$#!<��Y¶% C�<�� HKGyZREsH�JPQ[STGRU1F�NOHXJYGRQ�NIlmGRc[HDHKC[E*JPQ<`1HXUXc<bsHKJPGRQh`1H{NOb{®mt

E±¶ A�Cµ]I? D��! ¶ D"�&#,<'�P¶% C�<�� U1E,`1GRdPLIE�`1HKNIb{® G ^ E,UXNOHKJPGRQ<`�lmEaH~V�E,EaQ ����03&('���)#58� NIQ<j HXUKNIb{®
VWC6NOH?LINOdYc<E�JY`�lmE,JPQ<Z�`Xc ^<^ dYJPE,j¦HXGfN ����03&('#��)�5 UKNOHXC<E,U�HKC6NIQ)(1c[`1H�VWC6NµH8JYQ<`|HKUXc[baHKJPGRQ�JP`?lmEaSTGRU1E
JPHAJYQ�HXC<E(lgo�HKE,baG£j[EIt2BDC<Eao�NIdY`1G�j<JY` ^ d§N&o!HKC<E\JYQ<`|HKUXc[baHKJPGRQ�b{C6NIJPQ<`/JPQ�N+*�JY` ^±r H~o ^ E�STGRUXFiNOH&t�,
j<GRc[l<dYE8JYQ[j<JYU1E,baHXJYGRQfGIS � J & J 'E"30!������9 JP`�`XC<G�VWQkNI` ����03&:'#��)#5I'E"�0�������9 ¼ ����03&('#��)#5 &+¼ "!�!�
����9m¾�¾ t�BDC<JY`�F�NO®IE,`�JPHWLREaU1ouE&NI`|ohHKG ^ NIUX`1EzHKC[EzQ<G±j<Ea`\UXEab,c<U1`XJMLRE,dMohHKGiw<Q<j�b{C6NIJPQ�dPE,Q<ZIHXC<`,t
�?JPZRc<UXE)-£t � `1C<G�VW`AH~V�G ^ GI`X`XJPl<dYE ����0�&('#��)#5 b{C6NOJYQ<`ax[GRQ<EWVWJPHXC.(1c<`|H/GRQ[E\j6NOHKNf¯<GV ^ NOHKC�NOQ<j
GRQ<E(VWJMHKC�H~VAG[t

BDC[E E�/0/O]��8^ U1GRZRUKNOF baGRF�l<JPQ<E,`�HXC<JY`�JYj<E,N�VWJPHKC¡GIc<U�GRU1JYZRJPQ6NId�1 A�C��;D=E�CFA$G2/'�'H!/��8^ UXG r
ZRUXNIFut E�/3/O]�� ®IEaE ^ `�HXC<E¦H~V�G�FiGR`|H\U1E,baE,QgHKdMo�EaQ<b,GRc[Q�HXE,U1E,j¢LRE,U|HKJPb,E,`\JYQ�dPG£b,NId�LONIUXJYNIl<dYEa`\NOQ<j
ZRG±E,`hHKC<U1GRc<ZRC HKC<E�v±H{NOb{® � GRQ<JPHXGRU548EaU1HXJYb,Ea`�c<QgHXJYdfJPH}b,GIFiEa`}HXG E,JMHKC<EaU�N ����03&('#��)�5 GRUuN
< @ 0�&('#��)#5 STGRdPdYG�VAEaj�lgo�N�Q<GRQ r FiEaFiGIU1o r NIbab,Ea`X`XJPQ<Z�G ^ baG£j<EOt�Y´C<EaQ¢JPH�j<G£Ea`,x JPH�UXE,bac<UX`1JPLIE,dPo
b{C<Eab{®±`�HKC<E ^ NOUKNIF!EaHXE,U/dPJY`1HX`DGIS�HKC<EfZREsHXw6EadYjhGRU ^ c£HXw6EadYj�LREaU1HKE � NIQ<j}FiE,NI`Xc[UXE,`DHXC<E(dYGRQ[ZRE,`|H
b{C6NIJPQ¢NIdYGIQ<ZhNIQgo ^ NµHKC�HKG�HXC6NOH�LIE,U1HXE � t Y´JMHKC�HKC[JY`�`|HKUKNµHKE,ZOoRx NIdYd GIS8HKC[E�H~o ^ E,`fU1EaSTE,U1E,Q<baE,j
lgohN ^ UXGRZIUKNIF$VWJYdYd l Ef`1b&NIQ<Q[E,j¤xmNIQ<jhHKC[E*dPGRQ<ZREa`1H ����03&:'#��)#5 b{C6NIJYQ�VWJPdYd�lmEfUXE ^ GRU|HKEaj¤t
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B G�l<c<JPdYjyHKC<E�B2o ^ E�B?NOl<dYEOx±V�E\c<`1E(NzU1E,bac<UX`1JPLRE r j<Ea`XbaE,QgH�N ^<^ U1GgNIb{C�NIQ[juª?« �µ¬s¬ /'� NOdYGRQ<ZfVWJPHXC
NIQ<GOHKC<EaU(c[HKJPdYJPH~o}V�EyVWU1GIHKEkb,NIdYdPE,j��  « / �  � � /'� t��  « / �  � � /'� c<`1E,`¦eRN�LON��©`fE � b,E ^ HKJPGRQ¢C6NIQ<j[dYJYQ[Z
b&N ^ NIl<JPdYJPH~o(HXG\w6Q<jkbad§NI`1`?w6dPE,`?JPQ¦HKC[E/b,c<U1UXEaQ�H8j[JYUXEabaHXGRU1o*GRU HKC<E/c[`XE,U�� `2� * ,�v<v q ,+BW¥´NIQ[j�UXE r
HKc[UXQ<`2HKC<E�UXE,`1c<dPHXJYQ<Z*w6dYEaQ6NIF!E�JPQ<b,dPc<j<JPQ<ZzbaGRF ^ dYEsHKE ^ NOHKC�NIQ<j�E � HKE,Q[`XJYGIQ�JYQ[STGRU1F�NµHKJYGIQ¤t�BDC<E
��� º�/ � � � « / c[HXJYdYJMH~o¡lmE,ZRJPQ<`zVWJMHKC�N}b,dYNI`X`*w6dYEi` ^ E,b,JMw6E,j�l�o²HKC[E�c<`1E,U,x+U1E&NIj[`¦JYQ�JPHX`zJPQ<`1HXUXc<b r
HKJPGRQ<`�c[`XJYQ[Zh�Ad§N ��� EaU,x�NIQ<j�w<Q<j<`�HKC[GR`XEkJPQ<`1HXUXc<bsHKJYGIQ<`\HKC<NOH(E,JMHKC<EaU�b&NOdYd FiEsHKC<G±j<`�GRU\j<E,bad§NIU1E
LONIUXJYNIl<dPE,`/GIS?Nyj<JP� E,U1E,QgHDH~o ^ EOt

� H�HKC[E,Q�U1E,b,c[UX`XJMLREadPohw6Q<j<`WHKC[E¦b,dYNI`X`Ww6dPE,`DSTGRUWHKC<Ea`XEzH~o ^ E,`\NIQ<j�U1E ^ E&NOHX`�HXC<E ^ UXG±b,E,`1`
c<QgHKJPd\JMH�C6NI`�L±JY`1JPHXE,j´NIdPd�H~o ^ E,`hUXEsSTE,UXEaQ<b,Eaj lgo�N ^ U1GRZRUXNIFut��8NIb{C´b,dYNI`X`�HXC6NOH�JP`�L±JY`1JPHKEaj
JY`�N ^<^ E,Q<j<Eaj�HKG�HXC<E�E,Q<jpGIS�N�j<NOH{N�`|HKUXc[baHKc[UXE�HKC<NOHkC<GRdPj<`kNIdPd�bad§NI`1`XEa`,t��(Q[b,E ��� º�/ � � � « /
JY`yj<GIQ<EuU1c<Q<Q<JPQ<Z<x2HKC6NOH!`|HKUXc[baHKc[UXE}b,GRQgH{NOJYQ<`yHKC<EhSTc<dPd ^ NOHXC dYG±b&NµHKJYGIQpNIQ<jnQ6NIF!E}GOS�EaLIE,U|o
b,dYNI`X`2w6dYE�E,Q<baGRc<QgHKEaUXEajuJPQiHKC[E�` ^ E,baJPw6Eaj ^ UXGRZIUKNIF}t��\o±Q6NIF!JYb,NIdYdMoRxRHKC[JY`A`XNIF!E�H{NO`X®!b,GRc<dPj�lmE
NIbab,GRF ^ dYJP`XC<Eajhc<`XJPQ<ZyUXEa¯<E,baHXJYGRQ�t
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%´JPHXC��AdYN ��� E,U+V�E�b,NIQ�dPG£GR®¦NOH8HKC<EWJPQ<`1HXUXc<bsHKJYGIQ<`8GIS¤E,NIb{C�bad§NI`1`2JPQ!HXC<EWB2o ^ E\B�NIl<dPE�NO`�NOQ  �'&
�>¶ �¸·)(a¶% ���R¹�� �gºg» t+*AEab&NIc[`XE/U1E,d§NµHKE,j*Q<G±j<E,`�GIS_NIQ  �),>¶ �¸·)(s¶% ���R¹�� ��ºg» baGRQgH{NIJPQ�N�U1EaSTEaUXE,Q[b,EAHXG�HKC[E
Q<G±j<E,`2HKC6NµH ^ dYNIb,EajiLONIdPc<E,`8HKC<Eso!c<`XE�GRQiHXC<E�`|H{NIb{® U STGRU�E � NIF ^ dYE ����03&('#��)�5+¼O��)+7���5 -<¾±¾ V�E
GRQ<dMokb&NOUXE�NIlmGRc[H8Q<G±j<E,`8HKC<NOH�NIUXEDHKC[E�EaQ<jiGOS�Nfb{C6NIJYQ�t/.6UXGRF�HKC<Ea`XEWVAE�b&NIQiZREaH�NIdPd<JYQ£STGRUXFiN r
HKJPGRQ}NIlmGRc[HDHKC[E*U1E,`|H�GOS?HKC[E*b{C<NIJYQ (1c<`|H\lgo�dPG£GR®�JPQ<ZyNOHDHKC[E*JPQgHKE,U1JYGRUDU1EaSTEaUXE,Q[b,E,`atABDC<EaUXEsSTGRUXEOx
V�E�JPHXE,UKNµHKEzHXC<UXGIc<ZRC�HXC<E  �),>¶ �¸·)(s¶% ���R¹�� ��ºg» NIQ[j�®IEaE ^ UXEsSTE,UXEaQ<b,Ea`�HKG�lmGIHXC�HKC<E¦b,c<U1UXE,QgHfNOQ<j
d§NO`1H\LIE,U|HKJYbaE,`(HKC<NOH�V�EkE,Q<baGRc<QgHKEaU,t0%´C<E,Q¡HKC[Ekb,c<U1UXE,QgH(LIE,U1HXE � JP`�Q<GIH�N1�  / « � � /3254 �),>¶ �¸·)(s¶% ���
U N ����0�&('#��)#5 GRU < @ 03&:'#��)#5 GIU�N ����0:�10���0:' � GRU < @ 0:�10���0:' � W VWC[JYdYEDHXC<E�dYNI`1H+LIE,U|HKE ��6 `2GRQ<EIx
HKC[E,QhHKC<E ^ U1GRZRUKNOF�C6NI`WEaQ<b,GRc[Q�HXE,U1E,j�HXC<EfE,Q<j}GIS?N!b{C6NOJYQ¤t

BDC[E ^ UXGIZRUKNIF HXC<E,Q UXE,bac<UX`1JPLIE,dPopHXUKN&LREaUX`XEa`�HKC<EuZRUKN ^ C HXG�w6Q<j HKC<EudYE,Q[ZIHKC GIS�HKC[E
b{C6NIJPQ�NOQ<j²HXGubaUXE,NOHKE!NhdYJYQ[®IE,j²dYJP`1H(HXC6NOHfE,Q[b&N ^ `1c<d§NµHKE,`*HKC<EyJPQ<`1HXUXc<bsHKJYGIQ�NO`¦N�dYJP`1HfGIS�H~o ^ E r
Q6NIF!E ^ NIJYU1`2STGRU2E&NOb{C�w6E,dPj�UXEsSTE,UXEaQ<b,EajhJYQiHXC<E\b{C<NIJYQ¤t7.�JYQ6NIdPdPo¦JPHANIj<j<`AHXC<JY`2dYJPQ<®IEaj�dYJP`1H8HKG�NIQ
,\U1UKN&o�*�JY`1H2HKC<NOHA`|HKGRU1E,`ANIdYd6JPQ<`1HXUXc<bsHKJYGIQ<`,x±NIQ<jiVWC<E,Q�HXC<E ^ UXGRZIUKNIF°U1c<Q<`�HXG¦baGRF ^ dYEaHXJYGRQyG�LREaU
NIdPd�b,dYNI`X`1E,`ax©HXC<JY` ,\U1UKN&o�*�JP`1HWJP`/HKC<E 4 �),|¶ � ·)(a¶% ��� � � � « / t
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� JPLREaQ HKC<E¡B8o ^ E¡B�NIl<dPE¡NIQ<j �~Q<`|HKU1c<baHXJYGRQ�B�NIl<dPE�JYQ[STGIUXFiNOHKJPGRQ¤x/JMH�JY`iE&NI`|o HKG�baGRc<QgH�HKC[E
Q�c<F�lmE,UyGIS\F�NIbaUXGR`kHXC6NOHiNIUXEhU1E���c<JYU1E,jpSTGRU!NIQ NIdYJPZRQ<F!E,QgHkGIS�w6E,dPj<`ySTGRU�HKC<EhH~o ^ Ea`,t BDC<E
( �£·"��¶ 1 � (�� � STc[Q<baHXJYGRQpH{NI®OE,`iJYQ N²¥\NO`XC � N ^ HKC6NµH�EaQ<b&N ^ `Xc<dYNOHKEa`�NIQ NIdYJPZRQ<F!E,QgHyGIS�w<E,dYj[`
STGRUkNOdYd8HKC<E�bad§NI`1`XEa`kJYQpN ^ U1GRZRUKNOFNOQ<jpb,GRc<QgHX`kC<G�V�FiNIQgo�FiNIbaUXGR`kNOUXE�Q<EaE,j<EajnHXG¡b,G�LREaU
HKC[E�JYQ[`1HKU1c<baHXJYGRQ[`¦JYQ²HKC<E �~Q<`1HXUXc<bsHKJPGRQ�B�NIl<dYEOt�*�E,b&NOc<`XEhNIdPd+GISDHKC[E�Q<Eab,E,`1`KNIU|o�JPQ[STGRUXFiNOHXJYGRQ
JY` ^ U1E r b,NIdYbac<d§NµHKE,juNIQ<ju`1HXGRUXEaj�JYQ}E � JY`|HKJPQ<Zij<NOH{N!`1HKU1c<baHXc<UXEa`,x JPH�b&NIQ ^ EaU1STGRU1F HKC<JP`�baGRc<QgH�NµH
NIQhE � HXUXE,F!E,dMo�S NI`|H�UXNOHKEOt��~Q ^ NIU1HXJYb,c[d§NIUax£HKC[E*JPQ<`1HXUXc<bsHKJPGRQ�H{NIl[dYE(j<G±E,`WQ<GIH�b{C6NOQ<ZREIx6`1G!VWC[E,Q
b{C<Eab{®±JPQ<ZuN�d§NIU1ZRE�Q�c<F�lmE,U(GIS2j<JM��EaUXEaQ�H\w6E,dPj�NOdYJYZIQ<FiEaQgHK`�V�Ekb&NOQ²j[G}`1G�VWJPHXC<GRc[HfbaUXE&NµHKJYQ[Z
NIQgo�Q<EsV `1HXUXc<bsHKc<U1E,`at
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B G�HKEa`1H�HXC<E�ZRU1E,E,j£o¡NIdPZRGRUXJMHKC<F NIZgNIJPQ<`1H�GIHKC[E,U(NIdPZRGRU1JPHKC[Fi`DHKC<NOH�U1E,GRU1j<E,U\w<E,dYj[`,x V�E�JPF ^ dPE r
F!E,QgHKEaj HKC[E�v±HXUKNOHXE,ZIo ^ NOHXHXE,UXQ�� ��¸t �2NOb{C NIdPZRGRUXJMHKC<F JY`!N¢b,dYNI`X`yHKC6NµHiE � HKE,Q[j<`hv±HXUKNOHXE,ZIo
NIQ<j�C6NI`zN �&/ �"� � /�� F!EaHXC<G£j¢HKC<NOH*JY`fb&NIdPdYEaj²HXGuU1E,GRU1j<E,UfHKC<Eyw6EadYj<`at � H*JY`fHKC<JP`*E,NI`1o¡HXG�U1c<Q
HKEa`1HX`zGRQ¢E,NIb{C�NOdYZRGRU1JPHXC<Fux�NIQ<j²N ^ UXGIZRUKNIF b,GRc[dYj¢j[o±Q6NIF!JYb,NIdYdMoub{C[G£GR`1E!VWC[JYb{C¢UXEaGRUXj<EaUXJPQ<Z
NIdPZRGRUXJMHKC<F HKGic<`XEzNOH�UXc<QgHXJYF!EIt ._GIU�JPQ<`1HKNIQ<baEIxmJPS HKC<E ^ UXGIZRUKNIF�C6NI`�Ni`Xc��ibaJYEaQ�H�Q�c<F�lmE,U�GIS
b,GIF�l<JYQ<NOHKJPGRQ<`�GIS H~o ^ Ea`2HXGzFiNI®IEDHXC<EWE � C6NIc<`|HKJMLRE\U1E,GRU1j<E,U1JYQ<Z*NIdPZRGRU1JPHKC[F	HKNI®IE ^ UXGIC<JYl<JMHKJMLRE,dMo
dYGIQ<Z<x£HXC<E ^ UXGIZRUKNIF�b,GRc<dPjhb,UXE,NOHKE*NIQ[juU1c<Q�NOQ}JPQ<`1HKNIQ<baE*GOS�HXC<EfZRUXEaE,j[o}NIdPZRGRU1JPHKC[F$JPQ<`1HXE&NIj�t
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%�E²JPF ^ dYE,F!E,QgHXE,j HXC<E¡STGRdYdPGVWJPQ<Z�`|HKUKNµHKE,ZOo F!G£j<c[dYE,`�STGIU�HKC<E�v£EaE,®�U ^ UXGIZRUKNIF}t , F!GRUXE
HKC[GRUXGRc[ZRChj<JY`1b,c<`1`XJYGIQuGIS HKC[E,JYUDJPF ^ dYE,F!E,QgHKNOHKJPGRQ�NIQ<jhU1E,`Xc[dPHK`Wb,NIQulmE(STGRc<Q<j}JYQ}�AC<N ^ HKEaU��±t

���������! 

��Q<E!`1HKUXNOHKEaZIo¡STGRUfGRU1j<E,U1JYQ<ZhHKC<Eyw6EadYj<`*GISDE,NIb{C�bad§NI`1`zJP`fHXG�ZREaQ<E,UXNOHKEiNIQ²GRUXj[E,U*UKNIQ<j[GRFidMoRt
BDC<JP`AUKNOQ<j<GRF°GRU1j<E,U�C6NI`�Q<G�ZRc6NOUKNIQgHKEaE,`�UXE,ZRNIUXj<JPQ<Z ^ UXG � JYF!JPH~o�HXG¦HKC<E�G ^ HXJYFiNId U F!JYQ[JYF�c<F W
Q�c<F�lmE,U8GIS F�NOb,UXGI`,xgl<c[H2JPQ!b,NI`XEa`2VWC[E,UXEDHXC<EW`XJ#"aEWGIS HXC<E ^ UXGIZRUKNIF�JY`+dYNIUXZREDEaQ<GRc<ZIC!HXG*FiNI®OE
E � C6NOc<`1HXJPLRE!GRU1j<E,U1JYQ<Z ^ U1GRC<JYl[JPHKJMLREkNOQ<j¡HKC<EyQ�c<F�lmE,UfGIS�j<JP� E,U1E,QgH*GRUXJPE,QgH{NµHKJYGIQ<`\HKC<NOHfUXEa`Xc<dMH
JYQnN¡FiNIb,U1G²baGRc<QgH!dYEa`X`kHKC6NOQnGIU!E$��c6NId/HKG¡HXC<EhUXE,`1c<dPHySTU1GRF�ZRU1E,Eaj[o�GRU1j<E,U1JYQ<Z¢JY`kdYNIUXZIEIx2N
UKNOQ<j<GRF$`1HXUKNOHXE,ZIo�F�N&oil E�lmE,Q[Eaw6baJ§NId t�,\`D`1C<G�VWQ}JPQh�AC6N ^ HKE,U%�±x[JPHAJY`/lgoiS NIU�HXC<E�S NI`1HXE,`|HDGIS
HKC[E*`|HKUXNOHKEaZRJYEa`,x_NIdMHKC<GRc[ZRC�STGRUWF�NOQ�o�l EaQ<b{C<FiNIUX®�`�JPHWc<`1c6NIdPdPo�U1E,`1c<dPHX`�JPQhN!dYNIUXZIE�Q�c<F�lmE,UWGIS
FiNIb,U1GR`Db,GRF ^ NIU1E,jhHKGyZRU1E,E,j£oRt
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,\Q[GIHKC<EaU(`1HXUKNOHXE,ZIo¡JP`�HKG�HXU1o¡EsLRE,U|o¢GRUXj[E,UXJPQ<ZhNIQ<j¢baGRc<QgHfHKC<EkQ�c<F�lmE,U(GOSAFiNIb,U1GR`�STGRU�E,NIb{C
GRQ<EOx?`XN�L±JPQ<Z}HXC<E�GIUXj<EaUXJYQ[Z}HXC6NOH*UXE$�±c[JYUXEa`zHXC<E!STEsVAEa`1H¦F�NIbaUXGR`at�BDC<JP`z`|HKUKNµHKE,ZOo¢ZRc6NIUXNIQgHKE,Ea`
HKC[E�F!JYQ<JPF�c<F Q�c<F�lmE,UzGISDFiNIb,U1GR`,x�l<c[H¦F�NI®OE,`zQ<G�ZRc6NOUKNIQgHKEaE,`kNOl GRc£HzHXJYF!EIt �~Q�S NIbsH&x+NO`
HKC[EiQ�c<F�lmE,U*GISAb,d§NO`X`XEa`zJPQ�N ^ U1GRZRUKNOF�NIQ<j¢HKC<E!Q�c<F�lmE,U*GISAw<E,dYj[`*JPQ�E,NIb{C�bad§NI`1`*HXC6NOHzNIU1E
NIbsHKc6NIdPdPouUXEsSTE,UXEaQ<b,Eaj�lgo¡JPQ<`1HXUXc<bsHKJYGIQ<`(ZRUXG�VW`ax�HXC<EkHKJPFiE¦HXGhb{C<E,b{®¢NIdPd�b,GIF�l<JYQ<NOHKJPGRQ<`\ZIUXG�VW`
E � ^ GRQ<EaQ�HXJ§NIdPdPoIt��~Q�`1GRFiE�b&NI`1E,`ax[HKC<E�HKJPFiEWJY`2lmEaH~V�E,E,Q � NOQ<j -zF!JYQ�c[HXE,`ax£l<c£H/JYQiGIHKC[E,UAb,NI`XEa`
HKC[EfHXJYF!E�JY`DJPQ�HKC<E(HKC[GRc<`KNOQ<j<`�GIS?F!JYdPdYEaQ<Q<J§N£x�VWC[JYb{C}JY`DGRlgL±JYGRc[`XdPo�c<Q6NIbab,E ^ H{NIl[dYEIt
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BDC<EkZRU1E,Eaj[o¡NIdPZRGRU1JPHKC[F�j<E,`1b,UXJPl Eaj¢JYQ¢�AC6NµH ^ E,U � baGRF�l<JPQ<E,`�` ^ EaE,j¢VWJPHXC�Ea� E,bsHKJPLIE,Q<Ea`X`at �~Q
^ UXNIbaHXJYb,E\JPH/ZIEaHK`/LIE,U|o�b,dPGR`XE\HXGkG ^ HXJYFiNId_JYQhNIdPd lmE,Q<b{C[F�NIU1®iHXUXJ§NOdY`,x±NIQ[j}JMH/j<G±E,`D`1GkJYQhNzLIE,U|o
`XFiNIdPd+NIF!GRc<QgHfGISAHXJYF!E U baGRF ^ NIUKNOl<dYE�HXG���NIQ<j[GRF W t �~Q²S NIbsH&x FiGI`1HfGIS�HKC<EkHKJPFiEk` ^ EaQgH¦JPQ
HKC[EkZRUXEaE,j[o�NIdYZRGIUXJPHXC<F�JY`�STGRU�l<c<JPdYj<JPQ<ZiHXC<E�H~o ^ EyNOQ<j¢JYQ<`|HKUXc[baHKJPGRQ�HKNIl<dYEa`,x�`1JYQ<baE¦HKC<Ea`XE!NIU1E
HKC[E ^ NIU|HK`�GOS�HKC<E ^ UXGRZIUKNIF HXC6NOH�c[`XE�JPQ�HXE,Q<`1JPLIE¦w6dYE � P ��t BDC[E�ZRUXEaE,j[o�NIdPZRGRUXJMHKC<F�j<G£Ea`\Q<GOH
^ U1G£j<c[b,EfG ^ HXJYFiNId�U1E,`Xc[dPHK`ax6C<G�VAEsLREaU,x¤NOQ<jhJYQ�VAGIUX`1H r b,NI`XE*b&NIQ}lmE*`1GRF!EaVWC6NOHWS NIUWN&VAN&o�STUXGRF
G ^ HXJYFiNId¸t
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BDC<E�� /3/O]���^ UXGRZRUXNIFNIQ<j�HKC<E�U1E���c<JPUXE,j ��� º�/ � � � « / NIQ<j �  � � /�� c[HKJPdYJPHXJYEa`¦NIU1E�NIdPdAb{C<Eab{®IE,j
JYQhHKGyHKC[E¦j<G±b r UXE ^ GR`1JPHKGIU1o�c<Q[j<E,U�j<JYU1E,bsHKGRU1JYE,`�GIS�HKC<E*`KNIF!E*Q6NIF!EIt ,�dYd�HKC[UXE,E ^ U1GRZRUKNOFi`�NIU1E
Q<EaE,j<Eaj�HKG�U1c<Q¢v£EaE,®�U,x�NIQ<j�HXC<E¦dPG£b,NOHKJPGRQ<`WGIS+HKC[E �  � � /�� NIQ[j ��� º!/ � � � « / j<JYU1E,baHXGRUXJPE,`�F�c<`|H
lmE ^ c[H�JYQgHKG�HXC<Ez� *,�v<v q ,+BW¥�E,QgL±JYU1GRQ<F!E,QgHWLONIUXJYNIl<dYEOt

� /0/O]�� b,NIQ!l E�UXc<QySTUXGIF HKC<E\v£EaE,®�U P l[c<JYdPjij<JPUXEabaHKGIU1okc<`1JYQ<ZfHKC[EWSTGIdYdYG�VWJPQ<Z(b,GRF!FiNIQ<j r
dYJPQ<E�G ^ HKJYGIQ<`,³
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BDC[E ^ U1GRZRUXNIF�VWJPdYd VWUXJPHXE�HKC<EyFiNIb,U1GR`(lmEaSTGRU1EyNIQ<j²NOS HKEaU(UXEaGRUXj<EaUXJPQ<Z�HKG�w6dYEa`(b&NIdPdYEaj
^ U1E,FiNIb,U1GR`,t©GRc[HzNIQ<j ^ GR`1HXF�NIbaUXGR`at GIc[H*UXE,` ^ EabaHXJPLREadPoIt�BDC<E ^ UXGIZRUKNIF j<EaHXE,UXF!JYQ[E,`fVWC<JYb{C²UXE r
GRU1j<E,U1JYQ<Z�`|HKUXNOHKEaZIo�HXG¡c<`XEiSTUXGRF HKC<E�`XE,baGRQ<j ^ NIUXNIF!EaHKEaU ^ NO`X`XEajpJYQgHKG�HXC<E�ª�« �¬ �  � � � b,GRQ r
`1HXUXc<bsHKGRUax6b{C<GR`1E,QuSTU1GRF�HXC<E(STGRdYdPGVWJPQ<Z<³
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%�Eyc<`XEaj�v£EaE,®�UfHKGhUXc<Q²NhQ�c<F�lmE,UfGIS2E � ^ E,UXJPFiEaQgHK`*GRQ¡HKC<EieRN&LONhlmE,Q[b{C<F�NOUX®�`,x JYQ r
b,dPc<j<JPQ<ZpNpHXE,`|HuGOS�NIdPd�HXC<E¢j<JP� E,U1E,QgH}UXE,GIUXj<EaUXJYQ[Zn`|HKUXNOHKEaZRJYEa`hNI`�VAEadYdfNI`hN ^ UXGOw6dYE¡GIS*HKC[E
lmE,Q<b{C<FiNIU1®±`WHKC[E,F!`XE,dMLREa`,t2BDC<E,`1E*HXE,`1HX`\NOUXE(j<JP`Xb,c[`X`XEaj�JYQ}�AC<N ^ HKEaU��±t
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B GkZREaHWN�lmEaH1HKEaU ^ JYbsHKc<U1E�GIS�HKC[E\HKJPFiE�`KN&LREaj}STU1GRF c<`XJPQ<ZkGRc<U/FiNIbaUXG�`|HKUKNµHKE,ZOo�STGRU�b{C6NIJYQ[`/GIS
����0�&('#��)#5 NIQ[j < @ 0�&('#��)#5 JPQ<`1HXUXc<bsHKJYGIQ<`,x�VAE!j<EsLRE,dPG ^ E,j�N}ZRUKN ^ C<JYb,NId ^ NIb{®µNIZREyHKC<NOH*b,GRc<dPj
`XJPF�c<dYNOHKE\HXC<EfE � E,bac[HKJPGRQ}GIS�NieRN&LON ^ UXGRZRUXNIF}t
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%�E+j<E,`1JYZRQ<EajzGIc<U�JYQ ^ c[H¤w6dPE+`XGDHKC6NµH�JPH�baGRc<dPj*lmE ^ G ^ c<dYNOHKEaj�VWJPHKCfj6NµH{NAH{NO®IE,QfSTUXGIF NIQ*NIbsHKc6NId
eRN&LON ^ U1GRZRUKNOF GRUWZRE,Q[E,UKNµHKE,juUKNIQ[j<GRF!dPo�STGRUWE,NI`1o�HXE,`1HXJYQ<Z[t ,\Q����! #"%$ �'&)(+*�,�- v£JYF�c[d§NOHXJYGRQ
q � ��*/NIl<JPdYJMH~o%./baGRQgH{NIJPQ<`�N ^ UXGRl6NOl<JYdPJY`1HXJYb(U1E ^ U1E,`XEaQgH{NOHXJYGRQ�GOS2N!w6Q<JMHKEz`1H{NµHKE¦FiNIb{C<JPQ<EIt�BDC<JP`
`1HKNOHKE�FiNIb{C<JYQ[E�U1E ^ U1E,`1E,QgHKEajuNzeRN&LON ^ U1GRZRUKNOF JYQyHKC6NµH�JMH2b,GRc<dPjilmE�c<`XEaj�HKG*l<c<JPdYjiN*`1E,UXJPE,`2GIS
G ^ b,G±j<E,`�HKC6NOHDNIUXE�EaJPHXC<E,U0/ ,213&)(4,5*46 `WGRU/Q<GIQ r JPQ<j<JYU1E,bsHKJYGIQiJPQ<`1HXUXc<bsHKJYGIQ<`,t�,�`DN�b{C6NIJPQ�ZRUXG�VW`ax
HKC[E ^ UXGRl<NIl<JYdPJPH~o¡HXC6NOH�HXC<E�Q<E � H!JYQ[`1HKU1c<baHXJYGRQ�VWJYdYd2lmEhN�/ ,213&)(4,5*46 ZIG£Ea`kj<G�VWQ¤t %�E�HKC[E,Q
VWUXGOHKEhN q EaUXd/`1b,UXJ ^ Hyb&NOdYdYEaj ,sº�� � �87 ,  � HXC6NOHkV�GRc<dPj�HKUKNOQ<`XdYNOHKE�HXC<JY`kU1E ^ U1E,`1E,QgH{NOHXJYGRQpJPQ�HXG¢N
F!GRUXE(`|HKUXc[baHKc[UXE,j ^ UXGIZRUKNIF r dPJY®OE\UXE ^ UXEa`XEaQ�HKNOHKJPGRQ}c<`XJPQ<Z!HXC<EfZRJPLIE,Q ^ U1GRl6NIl<JPdYJMHKJYEa`,t

,�S HKEaUk`1HKc[j[o±JYQ<Z²N�STEaV GISWHKC[E�GRc[H ^ c[Hkw6dYEa`,x8C<G�V�EaLREaU,x2VAEhUXE,NIdYJ ",Eaj�HKC6NµHyJPH¦V�GRc<dPj
lmE�F�c<b{C�`XJYF ^ dPE,U(HKG}HKUXE,NOH¦HXC<E�b{C<NIJYQ<`zNI`�91l<dYG±b{®�`;:�UXNOHKC[E,UfHKC6NIQ�HKUXE,NOHzE&NIb{C�JPQ<`1HXUXc<bsHKJYGIQ
NOHXGRFiJPb&NIdPdPoIt�%�E�F�NIj[E�HXC<JY`8j<Eab,JY`1JYGRQil Eab&NIc[`XE�N ^ UXGIZRUKNIF b,GRc<dPj�C6N&LIE\dYEaQ<ZIHXC r=< b{C6NIJPQ<`ANOQ<j
dYEaQ<ZIHXC r � b{C6NIJYQ[`\l<c[H�Q<G�dYEaQ<ZIHXC r|¨ b{C6NIJYQ[`,x¤NOQ<j¡JYQuGRc<U ^ UXGRl6NOl<JYdPJY`1HXJYb(F!G£j[E,d JPH�UXE,`1c<dPHXE,j¡JPQ
F!GRUXE�dPGRQ<ZREaU¦b{C6NOJYQ<`�HXC6NIQ�VAGIc<dYj�lmE�E � ^ E,baHXE,j¤t�BDC<E,U1EaSTGRU1EhV�EhNIdMHKE,U1E,j�GRc[U ^ UXGIHXG£baGRdA`1G
HKC<NOH�NIQ>���! #"%$ � w6dYE(JP`D` ^ E,b,JMw6E,j�NI`/STGRdPdYG�VW`,³

? B GIH{NOd¤Q�c<F�lmE,UWGIS@91l<dYG±b{®�`;: - `1JYQ<ZRdPE�JYQ[`1HKU1c<baHXJYGRQ[` ^ dYc<`Wb{C6NOJYQ<`�.
? ��c<F�lmE,UDGIS?`XJYQ[ZRdYE�JPQ<`1HXUXc<bsHKJPGRQ<`
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? ��c<F�lmE,UDGIS?b{C6NIJYQ[`DGIS�E � NObaHKdMo�dYEaQ<ZIHXC < EaQ<j<JYQ[ZyVWJMHKC�HKC[E / ,213&)(2,#*46 G ^ b,G±j<E
? ��c<F�lmE,UDGIS?b{C6NIJYQ[`DGIS�E � NObaHKdMo�dYEaQ<ZIHXC ¨ EaQ<j<JYQ[ZyVWJMHKC�HKC[E / ,213&)(2,#*46 G ^ b,G±j<E
? ��c<F�lmE,UDGIS?b{C6NIJYQ[`DGIS�E � NObaHKdMo�dYEaQ<ZIHXC � EaQ<j<JYQ[ZyVWJMHKC�HKC[E / ,213&)(2,#*46 G ^ b,G±j<E
? ��c<F�lmE,UDGIS?b{C6NIJYQ[`DGIS�dPE,Q<ZIHXCh�!GIUDZRUXE,NOHKEaU�EaQ<j<JPQ<ZkVWJPHKC�HXC<E / ,213&)(4,5*46 G ^ b,G±j<E
? ��c<F�lmE,UDGIS?b{C6NIJYQ[`DGIS�E � NObaHKdMo�dYEaQ<ZIHXC < EaQ<j<JYQ[ZyVWJMHKC�HKC[E� �� 13&)(2,#*46 G ^ b,G±j<E
? ��c<F�lmE,UDGIS?b{C6NIJYQ[`DGIS�E � NObaHKdMo�dYEaQ<ZIHXC ¨ EaQ<j<JYQ[ZyVWJMHKC�HKC[E� �� 13&)(2,#*46 G ^ b,G±j<E
? ��c<F�lmE,UDGIS?b{C6NIJYQ[`DGIS�E � NObaHKdMo�dYEaQ<ZIHXC � EaQ<j<JYQ[ZyVWJMHKC�HKC[E� �� 13&)(2,#*46 G ^ b,G±j<E
? ��c<F�lmE,UDGIS?b{C6NIJYQ[`DGIS�dPE,Q<ZIHXCh�!GIUDZRUXE,NOHKEaU�EaQ<j<JPQ<ZkVWJPHKC�HXC<E@ �� 13&)(4,5*46 G ^ b,G±j<E
��c<U q E,U1d�`XbaUXJ ^ H�c<`XEa`�HKC<E ^ U1GRl6NIl[JYdYJMHKJPE,` - E,NIb{C´JYQ<j<JML±JYj<c6NOd�HKNIdYdMopj<JPL±JYj[E,j�lgo HKC[E

HKGOH{NId6Q�c<F�lmE,U�GIS¤l[dYG±b{®±`�.+HXG¦ZREaQ<E,UXNOHKE\N*`1E���c<EaQ<b,E(GIS HKGR®OE,Q<`AE���c6NId_HKGfHKC<E�HKGIHKNId6Q�c<F�lmE,U2GIS
l<dPG£b{®�`,t��~Q}Nkd§NIU1ZRE�EaQ<GRc<ZRCh`XNIF ^ dYE�`1J#",EOx<HKC<E(UXNOHKJPGR`/GIS HKC[E(UKNIQ<j[GRFidMo r ZREaQ<E,UXNOHKEaj ^ UXGRZIUKNIF
`XC[GRc<dYj�HXE,Q<j}HKGyl E*NIlmGRc[HDHXC<Ef`KNIF!EfNI`DHKC[E*UXNOHKJPGR`/JPQhHXC<EfGRUXJPZRJYQ<NId�`1GRc<UXbaE ^ UXGRZIUKNIF}t

�8NIb{C!HKGR®OE,Q!JYQ!N �;� (�� w<dYE - v±JYF�c<dYNOHKJPGRQ � ��`1HXUXc<bsHKJYGIQ).�JY`8NIQyJYQgHXE,ZREaU�HKC6NOH8U1E ^ U1E,`1E,QgHK`
N�b{C<NIJYQ dPE,Q<ZOHKC¤t .6GRUyHKC<E�N�LIE,UXNIZRE ^ U1GRZRUXNIFux�FiGI`1H!HKGR®OE,Q<`hNIU1E�� � `ax/VWC<JYb{C�U1E ^ U1E,`XEaQgHhN
`1HKNIQ<j6NOUXjpeRN&LON�G ^ b,G±j<EiHXC6NOH¦j<G£Ea`¦Q<GOH�UXEsSTE,U1E,Q<baE�FiEaFiGIU1oRt ,�`|H{NIQ[j6NIdYGIQ<E / ,213&)(2,#*46 GIU
 �� 1#&)(4,#*46 HKC6NOH�JY`�Q<GOH ^ NIU1H�GIS�N�b{C6NIJYQ¢JP`�j<E,Q[GIHKEaj�lgo¡N < t , b{C6NOJYQ¢GIS / ,�13&)(4,#*26 `fHKC6NµH
E,Q[j<`AJPQiEaJPHKC[E,U�N / ,21#&)(4,#*46 GRU  �� 13& (4,#*46 JP`8j<E,Q<GOHKE,j�l�o!JMHK`2dYE,Q[ZIHKC - JPQ<b,dPc<j<JYQ[ZfHXC<E�b,dYGI`XJYQ[Z
 �� 1#&)(4,#*46 JMS�HKC<EaUXEfJY`DGRQ[E ^ UXE,`1E,QgH .�t
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B G ZREaQ<E,UXNOHKE²UXE,NIdYJP`1HKJPb �;�  #"%$ � w6dYEa`hHXC6NOH}VAGIc<dYj ZRJPLIE�c[`uF!E&NIQ[JYQ<ZISTc[d�j6NOHKN[x�VAE�NIj<j[E,j
STc<Q<bsHKJPGRQ6NIdPJPH~o¢HKG¡HKC[E�v±E,E,®�U ^ UXGIZRUKNIF HKC6NµH ^ UXEsL£JPGRc<`1dPo (1c[`1H!`XE,NIUXb{C<Eaj STGRU¦ZRE,`|HKc<U1E,`,t %�E
NIj<j[E,j � HKNIdYdMo�LINOUXJ§NOl<dYEa`�HXC6NOH�®OE,E ^ HXUKNIb{®}GIS8j<JM��EaUXEaQ�H�dYE,Q[ZIHKC<`��µH~o ^ Ea`�GIS8ZREa`1HXc<UXEa`,tfBDC<E,U1E
JY`�N¢j[JP� E,UXEaQgHkLINOUXJ§NOl<dYE!STGRU�E&NOb{C dPE,Q<ZIHXC�ZRE,`|HKc<U1E�STUXGRF���HKG¢�¡GRU�dPGRQ<ZREaU,x+HKC<EaQp`XE ^ NIUKNOHXE
LONIUXJYNIl<dPE,`�STGIU < HKC<U1GRc<ZRCk���´dPE,Q<ZIHXCkZRE,`|HKc<U1E,`+HKC<NOH+E,Q[j!JPQ ^ c[H1w6E,dPj<`,xg`1JYQ<baEDJYQ¦HXC<ED`XJPF�c<d§NµHKGRU
HKC[E\HKJPFiEWHKG�E � E,b,c£HKEfN  �� 13& (4,#*46 NIQ[jhN / ,�13&)(4,#*26 NIUXE�j<JP� E,U1E,QgH&t/%´C[E,Q�HKC<E�H{NIdPdPoyG ^ HKJYGIQ
JY`fEaQ6NIl<dPE,j¤x�HKC<E ^ U1GRZRUKNOF j<c<F ^ `fHKC<E!UXEa`Xc<dMHKJYQ[Z}Q�c<F¦l EaUX`zSTGIU*E,NIb{C�j[JP� E,UXEaQgH¦dPE,Q<ZIHXC�NOQ<j
H~o ^ EWGIS ZREa`1HKc[UXEWHKG*N�w6dYEDb,NIdYdPE,j * $2/0�;�! #" $ � NIdPGRQ<Z�VWJMHKCyHKC<E/HXGIH{NId[Q±c[F�l EaU8GIS�JPQ<`1HXUXc<bsHKJPGRQ<`,t
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BDC<JP`/b,dYNI`X`/JP`�HXC<E�ZRc[HX`DGIS�HKC[E�`XJPF�c<d§NµHKGRU�NIQ<j�JP`AUXEa` ^ GRQ<`1JYl<dPE�STGRUAHXC<E(NIbsHKc6NOd�`XJPF�c<dYNOHKJPGRQ¤t � H
H{NO®IE,`DJPQhN �;� ( � w6dYE�NIQ<j 91E � Eab,c[HXE,`�:!HXC<E ^ UXGIZRUKNIF lgo�b,NIdYbac<d§NµHKJYQ[ZzHKC[E(NIF!GRc<QgHDGIS�HXJYF!E\JPH
V�GRc<dYjkHKNI®IE/HXG*E � E,b,c£HKEWHKC<EDJPQ<`1HXUXc<bsHKJYGIQkGRU�b{C6NIJPQyl6NI`XEajiGIQ ^ UXG�L±JYj<Eaj!HXJYF!EAbaGRQ<`1HKNIQgHK`at+BDC<E
^ U1GRZRUKNOF�` ^ E,b,JMw6b&NOdYdPo¡HKNI®IEa`¦JPQ�HXG�NIbab,GRc[Q�HzHKJPFiEy` ^ E,QgHkb{C<NIUXZRJPQ<ZuNIQ<j�c<`1JYQ<Z}HKC<EiFiEaFiGIU1o
l<c<`�NIQ<j}HKJPFiE(` ^ EaQ�H�STEaHXb{C<JYQ[Z�j6NOHKN!GIQuFiNIJYQhF!E,F!GRU1oIt ,�dYd�GIS�HKC<Ea`XE*LINOUXJ§NOl<dYEa`Db&NIQul Ef`XEsH
GRQ¡HKC[Ekb,GRF!F�NOQ<j¡dYJPQ<EIx�NOQ<j¡HKC<E ^ U1GRZRUKNOF b&NOQ�NOdY`XG�U1c<Q²N�l6NOHKb{C²GIS2E � Eab,c[HXJYGRQ<`*JYQ¡GIUXj<EaU
HKGyZREsH�NIQ}N�LIE,UXNIZREIt

� ^ GIQ�b,GIF ^ dPEaHXJYGRQ¤xOHKC<E ^ U1GRZRUKNOF j<JY` ^ d§N&o±`+HKC<EWHKGOH{NId<HXJYF!E/HKGfE � E,bac[HKE�HKC<E ^ U1GRZRUKNOFut
� S�	�NIbaUXG�v£JPF�c<dYNOHKGRUfJP`¦UXc[Q<Q<JYQ[Z�JYQ�l<NOHKb{C�F!G£j[EIx�JMH¦VWJYdPd8GRc[H ^ c[H�HKC[E�N&LRE,UXNIZRE�HXJYF!E!STGRU¦N
`XJPQ<ZRdPE(UXc<Q - N&LIE,UKNOZRE*HXG ^ UXG�L±JYj<E*NkZREaQ<E,UXNId�`XEaQ<`XEzGIS�HXC<EfE � E,bac[HKJPGRQhHKJYF!E\STGRUWNOdYd¤U1c<Q<`=.�t

	 ��
 � ��� � � � 
�� �&���('

,\QiG ^ HXJYGRQ6NOd ^ dYc<ZIJYQkSTGRU+HKC<E\v£b,N�LIE,Q<ZIE�	uG±j<E,d�JY`2N¦eRN&LON 4\JY`1c6NIdYJ ",EaU�HKC6NOHANIdPdYG�VW`�HKC<E�c<`XEaU2HXG
G ^ E,Q¦w<dYE,`�NIQ<jzH~VAE,NI®*LONIU1J§NIl[dYE,` c<`1JYQ<Z\N�HKUXNIj<JMHKJYGIQ6NId¸x�F!E,Q�c r j<UXJMLREaQ � � ��NI`�VAEadYd£NI`?F!GRQ<JMHKGRU
E � Eab,c[HXJYGRQ´HKJPFiE¡NOQ<j ^ UXGRZRU1E,`1`hVWJMHKC�N�ZRUKN ^ C<JYb,NId�UXE ^ UXEa`XEaQ�HKNOHKJPGRQ¤t BDC<E¢UXE ^ UXEa`XEaQ�HKNOHKJPGRQ
JYQ[b,dYc[j<E,`kN�j[JY` ^ d§N&o�GOS�VWC[E,UXE�HXC<E ^ U1G£baE,`X`yJP`�b,c<U1UXEaQ�HXdPo�G ^ EaUKNOHXJYQ<Z - � q �zx�l[c<`,x2GRU�FiNIJYQ
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F!E,F!GRU1o5.¤NI`�V�E,dYd�NO`�NDVAN�o(STGIU�HXC<E8c<`XEaU HXG\NOj�(1c<`1H `1JYF�c<dYNOHKJPGRQ�` ^ EaE,j - VWC<JYb{C*j<G±E,` Q<GIH�NO� E,bsH
HKC[EzHKJPFiJPQ<ZyQ�c<F�lmE,UX`ax�GRQ[dPo�HKC[E�` ^ E,Eaj�JYQ}VWC<JYb{C¡JPQ<`1HXUXc<bsHKJYGIQ<`\NOUXE¦j[JY` ^ d§N&oREaj).st�.?JYZIc<UXE � t <
`XC[GVW`�Nf`Xb,U1E,EaQ�`XC[GIH2GIS HXC<EDL±JY`Xc<NIdYJ ",E,U+JPQ!NIbaHXJYGRQ¤t�BDC<EW`XdPJYj<JPQ<Z(l6NIU8NOH8HXC<EWl GIH1HKGRF�b,GRQgHXUXGRdP`
`XJPF�c<dYNOHKJPGRQ�` ^ E,Eaj�U1E,d§NµHKJPLIE\HKG 91U1E&NId r HKJPFiE :<t

BDC[E 4�JP`Xc6NIdPJ#"aE,U�NIdY`1G¦C6NI`ANIQ�E,NI`1oiFiEaQ�c�`1o±`1HXE,F$STGRU�JPQ ^ c[H1HKJPQ<Z ^ NOUKNIF!EaHXE,UX`2`Xc[b{CuNO`
C6NIU1j[VANIUXEi` ^ E,E,j�NIQ<j�VWC<EsHKC<EaU¦GRU*Q<GIH*HKG}c<`1E�F�NOb,UXGI`,t�BDC<EiC6NIU1j[V/NOUXE�F!E,Q�c¤x�`XC<G�VWQ�JPQ
.?JPZRc<UXE � t ¨ C<NI`Al<c[JYdPH r JPQ ^ UXE,`1EaHX`ASTGRU�NzQ�c<F�lmE,U�GIS¤j<JM��EaUXEaQ�H ^ UXG±b,Ea`X`1GRUAbaGRQ[w6ZRc[UKNOHXJYGRQ<`8VWJPHXC
NIbsHKc6NId�HKJYF!JYQ[Z�Q�c<F�lmE,U1`�H{NI®OE,QpSTUXGRFNIdYd�GISWHKC<EaFut ��`1JYQ<Z¡GRQ[E�GISWHKC<E ^ U1E,`1EaHK`ax�HXC<E�c<`XEaU
b&NOQ²`1JYF�c[d§NOHXEzHKC[E!FiNIbaUXG�`1o±`|HKE,F GRQ²NhQ�c<F¦l EaU(GIS2j<JP� E,U1E,QgH*F�NIb{C[JYQ<Ea`(NIQ<j¢F!E&NI`1c<UXEkHKC[E
JYF ^ NIbsHDGIS�C6NIU1j[V/NOUXE*` ^ E,E,j}GRQhHKC<EfEs��EabaHKJMLREaQ<E,`1`\GIS HKC<Ef`|o£`|HKEaFut

BDC[Eu`1GIS H~V/NOUXEhG ^ HXJYGRQ<`k`1b,U1E,E,Q - .?JPZRc<U1E � t � .¦dYEsHK`�HKC[E}c[`XE,Uy`1EaHyHKC<E ^ E,U1b,E,QgHKNIZREhGIS
Q<GRQ r ZREa`1HKc[UXE�JPQ<`1HXUXc<bsHKJYGIQ<`!HXC6NOH�NIb,baE,`X`�F!E,F!GRU|onNIQ<j ` ^ Eab,JPS onVWC<EsHKC<EaU�GRU�Q[GIH�HXG�c<`1E¡N
`XJPF�c<dYNOHKEaj q ��	 `1o±`1HXE,F VWJMHKChF�NOb,UXGI`WHXGyE � E,bac[HKE*JYQ<j[JYUXEabaHXJYGRQ�b{C6NOJYQ<`at
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BDC<E 	�NOb,UXGgv£JYF�c[d§NOHXGRU ^ UXGRZIUKNIF C6NI`zHKC<E�STGIdYdYG�VWJPQ<ZubaGRF!F�NIQ[j�dYJPQ<EiG ^ HKJPGRQ<`��8lgo�j[EaS NIc<dMH&x
HKC[EfL±JP`Xc6NIdPJ#"aE,U/JP`DE,Q6NIl[dYE,j�t
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BDC[E r F�`1VWJMHKb{C¡JY`WHKC[E�b,GRF!FiNIQ<juHXG�c<`1EkN�`XJPF�c<dYNOHKEaj q ��	HKG�C<NIQ<j<dPE¦JYQ[j<JYU1E,baHXJYGRQ
b{C6NIJPQ<`,t �Wc<Q<Q[JYQ<ZyHKC<Ez`KNIF!E ^ UXGIZRUKNIF VWJMHKC�NIQ<juVWJMHKC<GIc[HWHKC<JP`�`|VWJPHKb{CuE,Q6NOl<dYEajuVWJYdPd�UXEa`Xc<dMH
JYQ N¢ZRG£G±jnN ^<^ U1G � JPF�NµHKJYGIQ�GIS\HXJYF!E,`kSTGRUkHKC<E}`KNOFiE ^ U1GRZRUKNOF�HKG²UXc<QnVWJPHXC NIQ[jnVWJMHKC<GRc£H
FiNIb,U1GR`WNIQ<j ^ UXG�L±JYj[E,`�N�V/N&o�HKG ��c6NIQgHXJPS o�HXC<Ef` ^ E,E,j[c ^ t

%´C[E,Q¡HKC<E ^ UXGRZIUKNIF�JY`�UXc<Q�VWJMHKC�HXC<E 4�JP`Xc6NIdPJ#"aE,U�E,Q6NIl[dYE,j�x�HKC<EaUXEkNOUXEkN�Q�c<F¦l EaU�GIS
®IEso±l GgNOUXj!`XC<GRU|HKbac[HK`+STGRU+baGRFiF!GRQ�G ^ EaUKNOHXJYGRQ<`at�,�dYGRQ<Z�VWJMHKC�HXC<EWGRQ<E,`+`1C<G�VWQ�JPQ�HKC<EDF!E,Q�c<`ax
HKC[EfSTGIdYdYG�VWJPQ<Z�`XC[GRU1HXb,c[HX`�FiNIQ<J ^ c<d§NµHKE�HXC<Ef`XJPF�c<d§NµHKJYGIQ�` ^ E,Eaj�GRQ�HKC[Ef¯[o ³
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��c<UWE � ^ E,U1JYF!E,QgHK`Wc<`1JYQ<ZkHXC<Ezv£JYF�c[d§NOHXGRUDNIU1E ^ UXEa`XE,QgHXE,j�JPQ��AC<N ^ HKEaU �£t
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�\LREaU¦HKC<E ^ NI`|H¦H~V�G�oRE&NOUX`,x�V�E�C6N&LIE�UXc<QpN}Q�c<F�lmE,U�GIS/j<JP� E,U1E,QgH�E � ^ E,U1JYF!E,QgHK`¦c<`XJPQ<Z�HKC[E
`XGOS H~V/NIU1E!HXC6NOHfV�E�JYF ^ dPE,F!E,QgHKEaj¤t ,/Hzw6U1`1H,x HXC<EiZIGgNId+GISAGRc<U(HKEa`1HK`fVANI`zHXGuj<EsHKEaUXF!JYQ<EkHKC[E
dYEaQ<ZIHXCuGIS�FiNIb,U1GR`DHKC6NOH�NIU1E(STGRc<Q<j}JYQ�H~o ^ JYb,NId eRN&LON ^ U1GRZRUXNIFi`at �(Q[b,EfVAE*j<EaHXE,U1FiJPQ<E,jhHKC6NµH
JYQ[j<JYU1E,baHXJYGRQ¦b{C6NIJYQ[`2j[JYjkJYQ[j<E,EajiE � JP`1H,xRVAEDVANIQgHKE,j!HKGf®�Q<G�V C<G�V F�NIQgozHKC<EaUXEDVAEaUXE�NIQ<jyC<G�V
HKGzw6Q<j�HKC[E,F�E �!b,JYEaQgHKdPoIt+BDC<E�c<dMHKJPF�NOHXEWZRGgNId x±HXC<GRc<ZRC�x£VANI`AHKG�HXE,`|H/HKC<E\ZRUXEaE,j[oiUXEaGRUXj<EaUXJPQ<Z
`Xb{C[E,F!E�GRc[HXdYJYQ[E,j�JPQ��AC<N ^ HKEaU � NOQ<j�F!E&NI`1c<UXEzJPHK` ^ EaU1STGRU1F�NOQ<b,EzNIZgNIJPQ<`1H�GIHXC<E,U�UXEaGRUXj<EaUXJPQ<Z
`Xb{C[E,F!E,`,t �~Q�HKC[JY`yv£EabaHXJYGRQ�V�E�j<EaHKNIJYd�NIdPd�GISDHXC<E�E � ^ E,U1JYF!E,QgHK`¦V�E�j<JPj�NIQ<j�j<JP`Xbac<`X`�HXC<E,JPU
UXEa`Xc<dMHK`at

� ��� � ��� � ��� � 	 �� � ��� ��' � �

.6GRUWFiGI`1HWGIS�HKC<EfHKEa`1HK`�j<JY`1b,c<`1`XEaj�C<E,U1EIx6V�E¦c<`1E,juHXC<E¦v q ���(|L±F ��� � < � �baGRdYdPE,bsHKJYGIQ�GIS8eRN&LON
lmE,Q<b{C<FiNIU1®±`ax6VWC<JYb{C}b,GRQ[`XJY`|HK`WGIS HKC<E(STGRdPdYG�VWJYQ[Z ^ UXGIZRUKNIF!`,³

��� � �	� ����� , ^ UXGRZIUKNIF�HXC6NOH!HKEa`1HK`!STE&NOHXc<UXEa`�GIS�HKC<E�e'4 	 JYQ<badYc<j<JPQ<Z²NIUXUXN&o JPQ<j<E � JPQ<Z<x

JPQ<C<E,U1JPHKNIQ<b,EOx6NIQ<j}dYG±G ^ `at

���� � �  �� � � � � � 	uG±j<JPw6Eaj�*�EaF ^ E,d r�� JPL FiEsHKC<G±j´HKC6NOHhw6Q[j<`�`1c<l<`1HXUXJPQ<ZR`�NOQ<j�U1E ^ dYNIb,Ea`

HXC<E,F�VWJMHKC�LONIUXJYNIl<dPE r `1J#"aE,j�b,G±j<EfGRQhHKC<E(¯<oIt

���
 � � �+� � BDC[E¦eRN&LON � � ^ E,U|H�v�o£`|HKEaF�v£C<E,dPd¤HKC6NµHW`XGRdMLRE,`�Nk`XEsH�GOS ^ c "�",dPE,`at

���� � �,� 
 � � � � � , UKN&o�HXUKNIbaE,UDHKC<NOHWVAGRU1®�`�GRQ}N ^ JPbaHKc[UXEfGIS?Nyj[JYQ<GR`XNIc<Uat

���� ��� � q E,U|STGRUXF!`Wj6NOH{NOl6NI`XE(STc<Q[baHKJPGRQ<`WGRQ}Nkj6NOHKNIl6NI`1E*U1E,`1JYj<JPQ<ZyJYQhFiEaFiGIU1oRt

�� � � �,� � �!� BDC<EzeRN�LONyb,GRF ^ JPdYE,U2HKC6NµH�baGRF!E,` ^ NIb{®µNIZIE,juVWJMHKCue!�#" < t �[t ¨ t
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  �� ��� ����� � � � ,\QuNIc<j<JPGkj<E,baGRF ^ UXEa`X`XJPGRQ}c[HKJPdYJPH~oIt


��  
 � 
 � ,	F¦c<dPHXJPHKC[UXE&NOj<E,j�LONIU1J§NIQgHWGIS � ��� 
 � � � �_t


�� � � � ��� ,�eRN&LON ^ NIUX`1E,U�ZRE,Q[E,UKNµHKGRUat
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BDC<E�w6U1`1H!E � ^ E,UXJPFiEaQgHkVAE}j<JYj�VANI`kHKG¡w6Q[j ZREa`1HXc<UXEa`ic<`1JYQ<Z¡HXC<E �������  �� < � Dc[HXJYdPJPH~o¢HKC6NµH
b,GIFiEa` ^ NIb{®µNIZREaj¢VWJMHKC¢F!GR`1H*eRN&LON�JYQ<`|H{NIdPd§NOHXJYGRQ[`,t#%´JPHXC�HKC<E r bkb,GRF!FiNIQ<j r dYJYQ[E*`|VWJPHXb{C²V�E
V�E,UXEzNIl<dPE(HKGyZREaH�Nyb,GRF ^ dPEaHKE(dPJY`|HKJYQ[ZkGIS�HXC<EfG ^ b,G±j<E,`WSTGRUDE&NOb{C�F!EaHKC[G£jhGIS�N�eRN&LON � 
 * � � �
w6dPEIt��~Q!HKC<JP`2b,NI`XEWV�E\c<`1E�HKC[E�V�GRUXj
	 / ,>¶{·"� / HKG*j<Eaw<Q<E�NIQgoyZRU1GRc ^ GIS¤baGRQ<`1E,b,c£HKJPLIE@/ ,21#&)(4,#*46
G ^ b,G±j<E,`(GOS�dPE,Q<ZOHKC¡ZRU1E&NOHXE,U\HXC6NIQ < HKC<NOH(JY`\`Xc<U1UXGRc<Q[j<E,j²lgo�Q<GRQ r / ,21#&)(4,#*46 G ^ b,G±j<E,`at %�E
VWUXGOHKEWN q EaUXd6`1b,UXJ ^ H%� � <HXG(b,GRc<QgH+HXC<EDQ�c<F�lmE,U8NIQ<jkdPE,Q<ZOHKCkGIS ZRE,`|HKc<U1E,`+JPQyN�`XJYQ[ZRdYE/j[JYUXEabaHXGRU1o
GIS � 
 * � �3�fw6dPE,`at+BDC<E\`1b,UXJ ^ H�JPHK`1E,dMS¤b&NOQ�lmE�j<G�VWQ<dPGgNIj<Eaj�STUXGIF HKC<E�j<G±b�U1E ^ GR`XJMHKGRU|oRx�VWC<E,U1E\JPH
JY`�dYG±b&NµHKE,juJYQ}HKC<E *�c[b&NI` ._G � � (XN&LON ^ j<JPUXEabaHKGIU1oRt�B G�UXc<Q�JPH�GRQ�N�j[JYUXEabaHXGRU1oIx `1JYF ^ dPohU1c<Q�HKC[E
dYc[b&NI`1B�Ea`1HD`1b,UXJ ^ H&t+BDC[E�j<EaS NOc<dPHAl EaQ<b{C<FiNIUX®!dYG±b&NOHXJYGRQ!JY` � ^ U1G�(1E,bsH	�Obso±HXUXGRQ �Obao�HKU1GRQ � (|L±F ��� �£x
l<c[HWHXC<JY`DdPJYQ<E�b,NIQ}l Efb{C6NIQ[ZRE,juJYQ�HKC[E*`1b,U1J ^ HWHKG ^ GRJYQgHDHXGyHXC<Efj<JYU1E,bsHKGRU|o�HKGylmE*`1b&NIQ[Q<E,j¤t

%�E!b{C<GR`XEyHKG}NIQ<NIdPo ",Eyj<JPUXEabaHKGIUXJYEa`fNI`fc<Q<JMHK`fl Eab&NIc[`XEyHKC<Ey`XEsH¦GOSDeRN&LON}lmE,Q[b{C<F�NOUX®�`
HKC<NOHWVAEfc<`1E,j�C<NI`WE&NIb{Cu`XE ^ NIUKNOHXE ^ UXGRZRUXNIF�JPQ}N!`1JYQ<ZRdPE�j<JPUXE,bsHKGRU|oRx_NIQ[j}HXC<EzeRN�LON ^ NIb{®µNIZREa`
dYJP®IE � � 1�� NOQ<j ��� NIdP`XGiC6N&LREyNIdPd�baGRF ^ JYdYEaj�bad§NI`1`XE,`(JPQ¡N�`1GRc<UXbaEkj<JYU1E,bsHKGRU|oRt(BDC<E�U1E,`1c<dPHX`�GIS
HKC[JY`DE � ^ E,U1JYF!E,QgH�b&NIQ}l E(STGRc[Q<jhJYQuv£E,bsHKJPGRQ �£t <2< t < t
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%�E\c<`1E,j�HKC[Efv£E,Ea®�U ^ UXGIZRUKNIF°GIc[HKdPJYQ<Eaj�JYQ��AC6N ^ HXE,U -(HKG�ZRNOHKC<EaUA`1GRFiE�ZRE,Q[E,UKNOd j6NµH{N¦NOl GRc£H
HKC[E*eRN�LON�lmE,Q<b{C[F�NIU1®�`WNIQ<jhZREaHDN�FiGRU1E�NIbab,c<UXNOHKE(baGRc<QgHWGIS dYEaQ<ZIHXC r|¨ NOQ<j�dYEaQ<ZIHKC r � b{C6NIJPQ<`,t
BDC<Ea`XE�baGRc<QgHK`!Q<G�V JPQ<b,dPc<j<E  �� 1#&)(4,#*46 JPQ<`1HXUXc<bsHKJPGRQ<`kJYQpHKC[E}b{C<NIJYQ<`kHXC6NIQ<®�`yHKG¢HKC<Ehj6NOHKN
¯6G�V	NIQ6NOdPo±`XJP`\b&N ^ NIl<JPdYJPHXJYEa`DGIS2�Ad§N "�",EaU,t�BDC<E¦JPQ[STGRUXFiNOHXJYGRQ�STUXGIF�HXC<JY`WHKEa`1H\C<E,d ^ Eaj�HKG�FiNI®OE
b,GIQ<Q<E,bsHKJPGRQ<` l EsH~VAEaE,Q ^ U1GRZRUKNOF `XJ#"aEANOQ<j¦Q�c<F�lmE,U GIS[b,GRF�l[JYQ6NOHXJYGRQ[`�NIQ<j ^ UXG±b,E,`1`XJPQ<Z�HXJYF!E�NO`
V�E,dYd NI` ^ UXG�L±JYj[E�NzZRNIc<ZRE�STGRU2VWC[EaHKC[E,UAHXC<E,U1E�NIU1E�EaQ<GRc<ZRC�JYQ<j<JPUXEabaHKJPGRQ!b{C6NIJYQ[`AJYQ�NIQ�N&LIE,UKNOZRE
eRN&LON ^ U1GRZRUXNIF HXG!FiNI®OE*GIc<UDF�NOb,UXGyJPj<E&N�V�GRU1HXC�VWC[JYdYEOt

*2o�NIj[j<JYQ<Z�`XGRF!E¦l6NO`XJYbzb,GRc[Q�HXE,U1`\HKGhv±E,E,®�Uax�VAE�V�E,U1EkNIl<dPEzHXG�H{NIdPdPo�HXC<E�Q�c<F�lmE,U�GIS
b,dYNI`X`1E,`2JYQkHKC[E�H~o ^ E�HKNIl<dYE�NIQ[j!HXC<EWQ±c[F�l EaU�GOS�JPQ<`1HXUXc<bsHKJYGIQ<`8JYQyHKC<EWJYQ[`1HKU1c<baHXJYGRQkHKNIl<dYEOt�BDC<JP`
VAN�oIx£V�E\baGRc<dYjiZREaH�`XGIFiE�JYj<E,N*GOS¤HKC<E�`XJ ",E�GIS¤E,NIb{C ^ U1GRZRUKNOF°JYQyHKE,U1Fi`2GIS�Q�c<F¦l EaU�GIS¤b,d§NO`X`XEa`
NIQ<jhQ�c<F�lmE,UWGIS JPQ<j<JYU1E,bsHKJYGIQ�JYQ<`|HKU1c<baHXJYGRQ<`at/%�E*NIdP`XGkj<JPjhNk`XJYF ^ dPE�b&NIdPb,c<dYNOHKJPGRQiHXGyb,GRF ^ c[HXE



� �
HKC[EiQ�c<F�lmE,U*GIS�b,GRF¦l<JYQ6NµHKJYGIQ<`�STGRU(HKC<E!E � C6NOc<`1HXJPLREi`XE,NIUXb{C¤t %�E!F�c<dMHKJ ^ dPo}HKC<E!Q�c<F�lmE,UfGIS
UXEsSTE,U1E,Q<baE,j�w6EadYj<`2JYQ!E&NOb{C�b,dYNI`X`8HKGRZIEaHKC[E,U8HKGfw6Q<jiHXC<E�Q±c[F�l EaU�GOS¤b,GIF�l<JYQ<NOHKJPGRQ<`,xg`1JYQ<baE�GIQ<dPo
UXEsSTE,U1E,Q<baE,jpw6E,dPj<`�Q<EaE,jpHKG¡lmE ^ EaUXF�c£HKE,jnNIQ[j�b,GRQ<`1JYj<EaUXEaj¤t�BDC[E�UXE,`1c<dPHX`kGIS�UXc<Q[Q<JYQ<ZuHKC<JP`
LREaUXlmGR`XEfLREaUX`1JYGRQ}GIS�v£E,Ea®±U�GRQhHKC<EzeRN&LONkl EaQ<b{C<FiNIUX®�`�b&NIQ}l E(STGRc[Q<jhJYQuv£E,bsHKJPGRQ �£t <2< t <
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%´C<JPdYEDv±E,E,®�U8JY`�N�F�c<b{CyFiGIUXE/U1GRl<c<`|H2NIQ<jyNIbab,c<UXNOHKE ^ U1GRZRUXNIF	HXC6NIQiv£b,N�LIE,Q<ZIEIx±JPH+NOdY`XG�HKNI®IEa`
dYGIQ<ZRE,U�HXGzU1c<QiVWC[E,Q ^ E,U|STGRUXF!JYQ[Z�HKC<E�ZRUXEaE,j[oyU1E,GRU1j<E,U1JYQ<Z[t�BDC<JY`8JP`2Q[GIH�N*l<JPZfb,GRQ<baE,U1Q¤x[`1JYQ<baE
HKC[E*c£HKJYdPJPH~oyV�GRc<dYjhGRQ[dPo�Q[E,E,jhHKGylmE(UXc<Q}GRQ<baEfGRQ}NieRN&LON ^ UXGIZRUKNIF�NOS HKEaUDb,GRF ^ JPd§NOHXJYGRQ¤x�l<c£H
V�E�`1HXJYdYd6VANIQgHKEajhHXG�ZREsHWN¦lmEaHXHXE,U�JYj<E,N¦GIS�VWC<JPb{C�`1H{NOZRE�GIS�E � E,b,c£HKJYGIQ�b&NIc<`1E,j�HKC[E�`XdPGVWj[GVWQ�t

%�E8c<`XEaj(HKC<E�eRN&LONWv±o±`1HKEaF ^ NIb{®µNIZRE � ` (µ·"� � /���¶ �  �� / 1  « «  , STc<Q<baHXJYGRQ(HXGDZREaH�HXC<E+E,dYN ^ `XEaj
E � Eab,c[HXJYGRQ¢HKJPFiEkNµHfj<JP� E,U1E,QgH ^ GIJYQgHK`(GIS2HKC[E ^ UXGRZRUXNIF JPQ¡GRUXj[E,U(HKG ^ c[H(HXGRZREsHKC<EaUzN�HXJYF!JYQ<Z
NIQ6NOdPo±`XJP`�STGRU�E&NIb{ChlmE,Q<b{C<FiNIU1®mt+BDC[EfNIQ6NIdMo£`1JY`�b&NIdPb,c<dYNOHKEa`�HKC[E ^ EaUXbaE,QgH{NIZIE�GIS�HKGIHKNIdmUXc<QgHKJPFiE
j<Eaj<JYb,NOHKEaj HKG�H~o ^ E�HKNIl<dPE�b,GIQ<`1HXUXc<bsHKJYGIQ¤x�JPQ<`1HXUXc<bsHKJPGRQ H{NOl<dYEub,GRQ<`|HKU1c<baHXJYGRQ¤x�JYQ[JPHKJYNIdDFiNIb,U1G
b,GIc<QgH&x<U1E,GRU1j<E,U1JYQ<Z<x[NIQ<j�w6Q<NId�FiNIb,U1G�b,GIc<QgH&t+BDC<E(U1E,`Xc[dPHK`AGIS�HKC<Efv±E,E,®�U/HXJYF!JYQ<ZfHKEa`1HK`DGIQhNIdYd
eRN&LON!lmE,Q<b{C[F�NIU1®�`�NOUXEfJYQuv£EabaHKJPGRQ �£t <�< t ¨
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BDC<E ^ U1E,F!JY`1E¦GIS+HXC<JY`\HXC<E,`1JY`�JP`�HXC6NOH�V�E�VAGIc<dYj�ZRNIJYQ�`1GRF!E¦lmE,Q<Esw<H(STUXGRF�U1E ^ dYNIb,JPQ<Z�dYGIQ<ZRE,U
JYQ[j<JYU1E,baHXJYGRQ}b{C6NIJPQ<`�VWJMHKC¤x_STUXGIF HKC<E�� q � � ` ^ GRJPQgH\GIS?L£JPEaVfx `XJYQ[ZRdYEfb&NOdYdY`WHKGiF�NOJYQ}FiEaFiGRU|oRt
*Ac[HiVWC6NOH�JPS(`1c<l<`XE$��c<E,QgHhF!E,F!GRU1onNIbab,Ea`X`XEa`hNIUXE�NIdYU1E&NIj£o F¦c<b{C S NI`|HKE,U!HKC6NOQ HKC<EuJYQ<JMHKJYNId
NIbab,E,`1`¦HKJPFiEkJPQ�Nhb{C6NIJPQ�� �~Q�GRU1j<E,UfHKGhLREaUXJMS o²HXC<E!C�o ^ GIHKC[E,`XJP`zHXC6NOH¦NIdYd+F!E,F!GRU1o¡NIb,baE,`X`1E,`
H{NO®IEyN ^<^ UXG � JYFiNOHKEadPohHKC<Ek`XNIF!EyNIFiGIc<QgH(GIS8HKJPFiEOx V�EkFiE,NI`Xc<U1E,j¡HKC[EkE � E,bac[HKJPGRQ¡HKJYF!E¦JPQ¢N
`XFiNIdPd�eRN&LON ^ UXGIZRUKNIF�GIS2JYQ[j<JYU1E,baHXJYGRQ�b{C6NIJYQ[`�VWJPHKC¡dPE,Q<ZOHKC<`�lmEaH~V�E,EaQ�GIQ<EyNIQ<j¡w<LIEkc<`XJPQ<ZhN
C<JPZRC r U1E,`1GRdYc[HXJYGRQiHKJYF!JYQ[Z ^ NIb{®µNIZREOt

��Q<E�JPQgHKE,U1E,`|HKJYQ[Z¡NI` ^ E,bsHyGISDHKC[E�E � ^ E,UXJPFiEaQgH�VAE�EaQ<b,GIc<QgHKE,U1E,jpV/NO`¦HKC6NµHkJPSDV�E�NIb r
b,Ea`X`1E,j�HXC<Ey`KNIF!E�w6EadYj<`(H~VWJYbaEyJYQ¢N�HKEa`1H&x�HKC[Ek`XE,baGRQ<j�NIb,baE,`X`fV�GRc<dYj¡HKNI®IE!NhF�c<b{C¢`XC<GIU1HKEaU
HKJPFiE(lmE,b,NIc<`1EzHKC[Ezw6EadYj}b,GRQgHKEaQgHK`\V�GRc<dPjulmEzC[E,dYjuJYQ}`1o±`1HXE,F�b&NOb{C<EItWBDC<EaUXEaSTGIUXEIx_V�EzHKEa`1HXE,j
E&NOb{C!b{C<NIJYQ�dPE,Q<ZOHKC�c<`1JYQ<Z(EaQgHKJYU1E,dMozj[JP� E,UXEaQgH+GRl (1EabaHK`8NOQ<j¦w6EadYj<`?HXG(E,Q<`1c<UXE/HXC6NOH?b&NIb{C<E/V�GRc<dPj
Q<GIHfJPF ^ NIbaH�HKC<E�HXJYF!E,`,t %�EyNOdY`XG�F!E&NO`Xc<U1E,j¡HKC<EkG�LIE,UXC[E&NIj�GIS2`1H{NOU1HKJPQ<ZhNIQ<j¢`|HKG ^<^ JYQ<Z�HKC[E
C<JPZRC r U1E,`1GRdYc[HXJYGRQ!HKJPFiEaUANIQ[j}`1c<l[HXUKNIbsHKE,j�HXC6NOH/HXJYF!E\GRc[H/GIS�HKC<E�w<Q6NId�F!E&NO`Xc<U1E,F!E,QgHK`at2BDC�c<`ax
HKC[E8HXJYF!E,`�HKC<NOH�VAE�FiE,NI`Xc[UXE,j*`XC[GRc<dYj*lmE�NOb,b,c[UKNOHXEIxOHKNI®�JYQ<ZWJPQ�HXG�NIb,baGRc<QgH?GIQ<dPo�HXC<E8E � E,bac[HKJPGRQ
GIS HKC<EfJPQ<j<JYU1E,bsHKJYGIQ�b{C6NIJYQ[`WHXC<E,F!`XEadPLIE,`,t
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,�S HKEaU*F!E&NO`Xc<U1JYQ<Z�HXC<EkHKJYF!E,`�STGRU(E&NIb{C²dYEaQ<ZIHXC¢NIQ<j ^ dYGIH1HKJPQ<Z�HKC[E,F GRQ²N�ZRUXN ^ C¤x¤V�E

c<`1E,j!dYJYQ[E&NIU�UXE,ZIUXE,`1`XJPGRQ!HXG�w<H2N(dYJPQ<E�HXC<UXGRc[ZRCkHKC<E ^ GRJYQgHX`,t�BDC<EW`1dYG ^ E/GIS_HKC[JY`+dYJPQ<EAU1E ^ U1E,`1E,QgHK`
N ^<^ UXG � JYFiNOHKEadPo�HXC<E(HKJPFiE ^ E,Q6NOdPH~o�STGRUDE,NIb{C�NOj<j<JPHXJYGRQ<NId / ,21#&)(4,#*46 JPQ<`1HXUXc<bsHKJPGRQhJYQ}N!b{C<NIJYQ¤t
BDC<E*ZRUKN ^ C}NIQ<juNIQ6NIdMo£`1JY`/GOS?HKC[E*U1E,`1c<dPHX`�b,NIQhl E(STGRc[Q<juJPQuv£E,bsHKJYGIQ �±t <�< t ¨
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��G�V�HKC6NOH(V�Ey®�Q<EaV HXC<EyN ^<^ UXG � JYFiNOHKE�E � E,b,c£HKJYGIQ²HXJYF!E,`\STGRU(JPQ<j<JPUXE,bsHKJPGRQ<`,x VAEyc<`1E,j�HXC<E,`1E
Q�c<F�lmE,U1`�JYQ HXC<E 1 � (�� � �  �*· « ��¶ � � HKG�ZREsHhN�j<E,baE,QgHuN ^<^ U1G � JPF�NµHKJYGIQ STGRU!HKC<E¡` ^ EaE,j´ZgNIJPQ
V�E�b,GRc<dPj�E � ^ E,baHySTU1GRFGIc<UkJYj<E,N[t�%�E�UXNIQ�HKC[E�l EaQ<b{C<FiNIUX®�`kHKC<U1GRc<ZRCnv±E,E,®�UkHKG¡ZIEaHkHKC[E
UXE$��c<JYU1E,j t©` ^ U1GRl�w6dPE,`*HKC<EaQ�b,GRQgLIE,U1HXE,j�HKC[E,F�HKG���� (�� w6dYEa`¦c<`1JYQ<Z ,sº�� ���87 ,  � t�.?JPQ6NIdPdPoRx�V�E
UKNOQ!HXC<E��;� (�� w6dYEa`+HKC<U1GRc<ZRC 1 � (�� � �  �*· « ��¶ � � lmGIHKCyVWJPHXC�NOQ<jiVWJMHKC<GRc£H8c<`XJPQ<ZzFiNIbaUXGR`+HKG*`XEaE
VWC6NOH*®�JYQ[j�GIS�Q�c<F�lmE,U1`*V�EiZIGIH&t %�E!c[`XE,j�NIQ�N�LIE,UXNIZREyGISAHXC<EyE � E,bac[HKJPGRQ�HXJYF!E,`�GOSDN�STEaV
GIS2eRN&LON��©`�Q[GRQ r F!E,F!GRU|o r NIb,baE,`1`XJYQ[ZiG ^ b,G±j<Ea`�VWC<EaQ�b,GRQ£w6ZRc<U1JYQ<ZyHKC<Ez`XJPF�c<d§NµHKGRU/HXGi`1JYF�c<dYNOHKE
JYQ[`1HKU1c<baHXJYGRQ[`DQ<GIH ^ NIU|HWGIS�NkZREa`1HXc<UXEOt�BDC<EfU1E,`Xc[dPHK`WGIS HKC[E,`XEfHKEa`1HX`\NIU1EfJYQ}v£EabaHKJPGRQ �£t <2< t ¨ t
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*AEab&NIc<`1E�VAE�VANIQgHKE,jpHKG¢ZgNOc<ZRE�HXC<E�`Xc<bab,Ea`X`�GOS\N¡U1E,GRU1j<E,U1JYQ<Z¡`|HKUKNµHKE,ZOoRx+VAEh`1C<GRc<dPjn®�Q<G�V
HKC[E¦NIl[`XGRdPc[HKEfF!JYQ<JPF�c<F NIQ<j}F�N � JPF�c<F�Q�c<F¦l EaU�GIS ^ GI`X`XJPl<dYE(FiNIbaUXGR`WJYQuN ^ UXGRZIUKNIF}t8BDC<E
^ U1GRl<dYEaF GIS�w6Q<j<JPQ<Z�NIQnG ^ HXJYFiNId/U1E,GRU1j<E,U1JYQ<Z¢V/NO`i`1C<G�VWQ HKG²l E � q?r b,GRF ^ dYEsHKEhJYQ �AC6N ^±r
HKEaU ¨ x�`1G}HXC<E�GRQ[dPo�VAN&o - NI`1`Xc<F!JYQ<Z�����	� � .�HKGhw6Q<j²HKC<E!FiN � JYF�c<F NIQ<j�FiJPQ<JYF�c[F JP`
HKG}b{C<Eab{®�EsLRE,U|o ^ GR`1`XJPl<dYE�w6EadYj�GRUXj<EaUXJPQ<Z�STGRUfEaLREaU1o²b,dYNI`X`*JYQ²N ^ UXGIZRUKNIF}t *AE,b,NIc<`XE!VAE!j<E r
`XJPZRQ<Eajnv£E,Ea®±U�HXG¡l E�E � HKEaQ<`XJPl<dYE�JPQ�HKEaUXF!`�GISWUXEaGRUXj[E,UXJPQ<Z¡`1HXUKNOHXE,ZRJPE,`ax�HKG�U1c<Q�HKC<JP`zHKEa`1HkV�E
JYF ^ dPE,F!E,QgHKEaj¢NhF!G±j<c<dYEzHKC6NOH ^ E,U|STGRUXF!`�HKC[JY`(E � C6NOc<`1HXJPLRE!b{C<Eab{®mt %�Ekb&NIdPdYE,j�HXC<JY`(F!G±j<c<dYE

�� »��g·),>¶% 2/ � ¶ � ��¶ / 	 � t

BDC[E,UXE�NIUXEfH~VAGi`1HKNIZRE,`�HKGiF¦ohFiEsHKC<G±j}GIS+UXEaGRUXj[E,UXJPQ<Z<³2HKC<E ^ EaUXF�c£HKE*`1H{NOZRE¦NOQ<j�HKC[E
b,GIF�l<JYQ[E}`|H{NIZIEIt��~QnHKC<E ^ EaUXF�c£HKE}`1H{NOZREIxAV�E�ZIE,Q<EaUKNOHXE}HXC<E ^ GR`1`XJYl[dYEhGRUXj[E,UXJPQ<ZR`yGIS�w<E,dYj[`
STGRU�E,NIb{C²b,d§NO`X`,t �~Q¢HXC<Eyb,GRF¦l<JYQ<E¦`1H{NOZREIx¤V�Eyb,GRF�l[JYQ<E�HXC<Ekb,dYNI`X`1E,`(HKGRZIEaHKC[E,U(`XG�HXC6NOHfEaLIE,U|o
GRU1j<E,U1JYQ<ZyGIS�EaLIE,U1ohbad§NI`1`WJY`/HKEa`1HXE,juVWJMHKChEaLIE,U|ohGRUXj<EaUXJPQ<ZyGIS?EsLREaU1o}GIHKC[E,UWb,dYNI`X`at
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,/H�w6U1`1H+V�E/HKU1JYE,j�HXG(`1HXGRUXE/EsLREaU1o ^ E,U1F�c[H{NµHKJYGIQ�GIS6w6EadYj<`�STGRU�E&NIb{Cybad§NI`1`,xgl<c[H?HKC<JP`?HKc<U1Q<E,jyGRc£H
HKGklmE ^ U1GRC<JPl<JPHXJPLREadPoybaGR`1HXdPoRt ��Q<E\b,d§NO`X`/C6NO` < � w6EadYj<`ax[o±JYE,dPj<JYQ[Z < ��� � <�� ¨R¨�� < �
	��/j[JP� E,UXEaQgH
^ E,UXF¦c[H{NOHXJYGRQ[`\STGRU�(1c<`|H(HKC<JP`�b,dYNI`X`at¦BDC<JP`(JY`�E,NI`XJPdPoud§NIU1ZRE�EaQ<GRc<ZRC¡HXG�b&NIc<`1EkHKC<E ^ U1G£baE,`1`fHXG
UXc[QuGRc£HWGIS?F!E,F!GRU|oRt

¥�G�VAEsLRE,Uax�Ny`XJYF ^ dPE*C[E,c<U1JY`1HXJYb(HKC<NOH�V�E¦JPQ<b,GIU ^ GRUKNOHXE(JYQgHKGyHKC[E � UXE,Eaj[oh`1HXUKNOHXE,ZIo}l<c£H
VWC<JPb{C¢NIdY`1G�C<GRdPj<`�STGIU�NIQgouG ^ HKJPF�NOd�`1HKUXNOHKEaZIouJY`�HXC6NOH�w6E,dPj<`\HKC<NOH(NIU1E¦Q<EsLREaUfNIb,baE,`X`1E,j�NIQgo r
VWC<EaUXE�JPQ²HXC<E ^ UXGRZRUXNIF b,NIQ�NIdMV/N&o±`zlmE ^ c[HkNµH*HXC<E�EaQ<j�GOSDEaLIE,U1o ^ E,U1F�c[H{NµHKJYGIQ²STGRU(HXC<E,JPU
b,dYNI`X`atuBDC[E,UXEsSTGRUXE!VAE�GRQ<dPo¢Q[E,E,j�HKG ^ E,U1F�c[HKEyHKC[E�`Xc[l<`XEsHkGISDw6EadYj<`fHKC6NµHkNIU1E�NIbab,Ea`X`XEajpl�o
HKC[E ^ UXGRZIUKNIF$JYQ ��c<Ea`1HKJPGRQ}NIQ<jhb&NOQhN ^<^ E,Q<jhHKC<E(U1E,FiNIJYQ[JYQ<Zzc<Q�c<`XEaj}w6EadYj<`DJPQhNIQgo�GRU1j<E,UWNO`
dYGIQ<ZyNI`DVAE*®IEaE ^ HKC6NOHWGIUXj<EaU�baGRQ<`1JY`1HXE,QgH&t

*2o�j<GRJPQ<ZiHXC<JY`ax V�Ekb,c[H�j<G�VWQ�HKC<E ^ E,U1F�c[HKNOHKJPGRQ�`|HKGRUXNIZRE�`1c<l<`1HKNIQgHKJYNIdYdMoRx NIQ<j�JMH�E,Q r
NIl<dPE,j¡c<`(HXG�l EyNIl[dYE¦HXG ^ EaUXF�c[HXE�HKC<E�w<E,dYj[`(GIS�NIdYd�b,d§NO`X`XEa`fJYQ�HKC[E!eRN�LON�lmE,Q<b{C[F�NIU1®�`*JPQ¢N
LREaU1ohU1E&NI`1GRQ6NIl<dPE - Q<GyF!GRUXE�HXC6NIQ}N!F!JYQ�c[HXE(GRUD`XG+.WNOFiGRc[Q�HWGOS�HXJYF!EIt

� . � .~� � ��� ��5A7�(;1@�� 	D:��+�2�
�~Q<JMHKJ§NOdYdPo*V�E�HKU1JYEaj!HXGzc<`1E\U1E,b,c[UX`XJPGRQ�NOQ<j�N*d§NIU1ZREWj6NOH{Nf`1HXUXc<bsHKc<U1E�HXG¦`1HXGRUXE�NIdPd ^ GR`1`XJPl<dYEWdYEaZgNId
b,GIF�l<JYQ<NOHKJPGRQ<`\GOS2HXC<E¦HXC<Ekb,dYNI`X` ^ E,U1F�c[H{NµHKJYGIQ<`�STGRU�N ^ UXGRZIUKNIF}tf¥�G�V�EaLREaU,x�HKC<EkQ�c<F¦l EaU�GIS
b,GIF�l<JYQ<NOHKJPGRQ<`DZRU1GVW`\NOH�NIQ�NOd§NIU1FiJPQ<ZkUKNOHXEzl<NI`XEaj�GRQ}HKC<EzQ±c[F�l EaU�GOS ^ E,UXF¦c[H{NOHXJYGRQ[`WHXC<E,U1E
NIU1E¦STGRU�E,NIb{C¢b,d§NO`X`,t .6GRU\E � NIF ^ dYEIx VAEkEa`1HKJPF�NµHKE,j�HXC<E�Q�c<F�lmE,U(GOS�baGRF�l<JPQ6NOHXJYGRQ<`�UXE$��c<JYU1E,j
STGRU/HXC<E*�AC<E,b{®�lmE,Q[b{C<F�NOUX®�NOH � � ����� � < �
	��,t2BDC[JY`DJY`WNOdY`XG ^ UXGRC<JPl<JPHXJPLIE,dPo!dYNIUXZRE\JYQ�HKEaUXF!`DGIS
`XJ ",E*NIQ<jh` ^ NIb,EOxmNIQ<j}JPHDb,NIc<`XEa`�HXC<E ^ UXG±b,Ea`X`DHKG!UXc<Q}GRc[HWGOS?F!E,F!GRU1o�j<c<U1JYQ<Zyb&NOdYb,c[d§NOHXJYGRQ¤t

�~Q[`1HKE,NIjhVAEfb&NOdYb,c[d§NOHXE,j�E&NOb{C}baGRF�l<JPQ6NOHXJYGRQ�GIQ�HKC<E�¯<o�c<`XJPQ<Z!NIQ�G±j<GRF!EaHKEaU r dYJY®OE\`|o£` r
HKEaFut �~Q¢HKC<JP`*`|o±`1HKEaFux�V�Ei`|HKUXc[Q<ZuHXGRZREaHXC<E,U(HXC<Eij[JP� E,UXEaQgHzbad§NI`1`XEa`zJPQ�HXG}N}dPJYQ<®OE,j²dYJY`|H�VWJPHXC
E&NOb{C ^ EaUXF�c£H{NOHXJYGRQ!GIS¤HXC6NOH/bad§NI`1`ANObaHKJPQ<Z�NO`AN�9|j<JYZRJMH�:<t?�AGRF�l[JYQ6NOHXJYGRQ[`�NOUXEWSTGRUXF!E,jil�o!baGRF r
l<JPQ<JYQ<Z�HXC<E�b,c<U1UXE,QgH 91j<JPZRJPHX`;:(GIS E&NIb{Cib,dYNI`X`ax�HXC<E,QiUXGIHKNOHKJPQ<Z�HKC[E�U1JYZRCgHXFiGR`|H8b,dYNI`X`+HKGfHKC[E�Q[E � H
91j<JPZRJPH;:<t �(Q[b,E\HXC<E�UXJPZRCgHKF!GR`1H�b,dYNI`X`Abao±b,dPE,`AHXC<UXGRc[ZRChNIdYd_GIS�JMHK` ^ EaUXF�c[HKNOHKJPGRQ<`ax£JMHAU1EaHKc[UXQ<`AHXG
HKC[E¦`1HKNIU1HXJYQ<Z 91j<JPZRJPH;:iNOQ<j�bao±badYE,`�HKC<Ezb,d§NO`X`\JPFiF!E,j[J§NOHXE,dPoiHKGiJPHK`�dYEsS H�lgouGRQ<E ^ EaUXF�c[HKNOHKJPGRQ¤t
BDC<JP`�lmE,C6N&L±JYGIU�E � HXE,Q<j[`\HKG�NIdYd¤bad§NI`1`XEa`,x�`1GiVWC<EaQ�HKC[E¦dYEsS HKF!GR`1HWbad§NI`1`�bso±b,dYEa`\HKC[UXGRc<ZIC�NIdPd�GIS
JPHX` ^ E,U1F�c[H{NµHKJYGIQ<`\HKC[E,Q�V�Ek®±Q[GV�HKC6NµH(NIdPd ^ GR`X`1JYl<dPE�b,GIF�l<JYQ<NOHKJPGRQ<`�GIS 91j<JYZIJPHK`�:�C6N&LIEkl EaE,Q
ZREaQ<E,UXNOHKEaj¤t

BDC[JY`kN ^[^ UXGgNOb{CpNIdYdPGV�E,j�c<`¦HKG�b,c[Hkj[GVWQ�JPFiF!E,Q[`XE,dMo¢GRQ�`|HKGRUXNIZRE�` ^ NIb,E�`XJYQ[b,E�V�E
b,GIc<dYj}b{C<E,b{®�HXC<Efb,GRF�l[JYQ6NOHXJYGRQ�JPFiF!E,j[J§NOHXE,dPoiNIQ[juQ<GOH�C<N�LIE*HXGi`XN&LRE*E&NIb{CuGRQ<EIxmNIQ[juJMH�NIdY`1G
UXEaj<c<baE,j ^ U1G£baE,`1`XJYQ[Z�HKJPFiE8`1JYQ<baE2V�E�V�GRc<dPjzQ<GOH?lmE�EaQ<j<c<U1JYQ<ZWHKC[E�G�LREaUXC<E,NIjkGIS[UXE,bac<UX`1JPLIEAb&NOdYdY`



- �
GRU�` ^ E,Q<j<JPQ<Z�HXC<EzHXJYF!EfHXG�b,GIQ<`1HXUXc<bsHfNidYNIUXZRE*j6NOHKN�`1HXUXc<bsHKc<U1EkNIQ<juHKC<EaQ�JPHXE,UKNµHKJYQ[Z!HXC<UXGRc[ZRC
JPH,t�%�E}UXNIQ�HKC<EhE � C<NIc<`1HXJPLIEu`1E&NIU1b{C GRQpE&NOb{C�eRN&LON¢lmE,Q[b{C<F�NOUX®_x/NIQ[jpHXC<EhUXEa`Xc<dMHK`!NIUXEhJPQ
v£EabaHKJPGRQ �£t <�< t � t
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, ^ UXGRl<dPE,F VWJMHKC¦c[`XJYQ[Z�HKC[E � � C6NIc<`|HKJPLIE/`XE,NIUXb{CkQ�c<F¦l EaUX`�HXG(N ^<^ UXG � JYFiNOHKE8c ^<^ E,U?NIQ<j�dPG�VAEaU
lmGRc<Q<j<`�STGRU�HXC<E/lmE,Q<b{C<FiNIU1®±`�VWC<GR`XED`1J#"aE ^ U1GRC<JYl[JPHK` c<`?STU1GRF�UXc<Q[Q<JYQ<Z�HKG�baGRF ^ dYEaHXJYGRQ*JY` HKC6NµH
V�E(NIUXE�STGRUXbaE,j�HXG�F�NO®IE�E � HXUKN ^ GRdYNOHKJPGRQ<`�NOS HKEaUAC6N&L±JYQ<Z¦b{C<E,b{®OE,j}GRQ<dPoiN¦`1F�NOdYd ^ EaUXbaE,QgH{NIZIE�GIS
HKC[E¦j6NOHKN[t�B�G�ZIEaH\NIUXGRc[Q<j�HKC[JY`,x_V�E�JYF ^ dYEaFiEaQgHKE,juN�� � � � � � � ¶ � �¶ / 	 � UXEaGRUXj[E,UXJPQ<Z�F!G±j<c<dYE
STGRU � /0/µ]'� HXC6NOH¦b{C<G£GI`XE,`�N�b,dYNI`X` ^ EaUXF�c[HKNOHKJPGRQ²UKNIQ<j[GRFidMo¡STGRU¦E,NIb{C�b,dYNI`X`zJYQ²HKC<E ^ UXGRZIUKNIF
NIQ<j FiE,NI`Xc<U1E,`!HKC<EuQ±c[F�l EaUiGOS(F�NOb,UXGI`iQ<EaE,j<Eaj HKG�baG�LRE,U!HKC<JP`�NOdYJYZIQ<FiEaQgH&t *�onU1c<Q<Q<JPQ<Z
HKC[JY` ^ UXGIZRUKNIF F�NOQ�o�HXJYF!E,`ax[VAE*b&NOQuZREsH�NkZRG±G±j}UXNIQ<j<GIF�`KNIF ^ dYE(GOS�w6EadYjuNIdYJPZRQ<F!E,QgHK`WNOQ<j
F!E&NI`1c<UXE}`1HKNOHKJP`1HKJPb,`k`1c<b{C�NI`yF!E&NIQ NIQ<jn`1HKNIQ<j6NIU1j j<EsL±J§NOHXJYGRQpG�LREaUiE,NIb{C JMHKE,UXNOHKJPGRQ¤tpBDC<JP`
HKEab{C<Q<J �±c[E¢NIdYdPEaL±J§NOHXE,`yHKC<E ^ UXGRl<dPE,F JYQgHXUXG±j<c<b,Eaj�lgo HKC[E�G£j[GRFiEsHKEaU�F!EaHKC[G£j¤xW` ^ Eab,JPw<b&NIdPdPo
HKC<NOHiHXC<E 91C<JYZIC j<JPZRJPHX`;:¢VWJYdPd/Q<EaLIE,U�ZIEaHib{C<E,b{®OE,j´JYQnd§NIU1ZRE ^ UXGIZRUKNIF!`,x�l<c[HiJPH!JYQgHXUXG±j<c<b,Ea`
N¢UKNIQ<j[GRFiQ[E,`X`yS NIbsHKGRUkHKC<NOH!UXE,F!G�LREa`�NIQgopZRc6NOUKNIQgHKEaE,`iNIlmGRc[Hyw6Q<j<JPQ<Z�NIbaHXc6NIdDF!JYQ<JPF�N�GIU
FiN � JYFiN[t

,�`kVWJPHKC�HXC<EhE � C6NIc<`|HKJMLREhHKE,`|H&x2VAEhUKNOQ v±E,E,®�UyVWJPHXCpHXC<E�� �"� � � � � ¶ � ��¶ / 	 � � � � · « /
E,Q<NIl<dYEajuGIQuNOdYd¤GIS HKC[E¦eRN&LONkl EaQ<b{C<FiNIUX®�`at�BDC<E*UXEa`Xc<dMHK`�NIU1E(j<JY`1b,c<`1`XE,juJYQuv£EabaHKJPGRQ �£t <2< t � t
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��G�V HXC6NOH8V�E\C6NIj!`XGIFiEWl6NI`1E,dPJYQ<Ea`2STGRU8baGRF ^ NIUXJP`XGRQ¤xRV�E�`XEaH�GRc[H8HXGzHKEa`1H�GRc<U8ZRU1E,E,j£oyC<E,c<U1JY` r
HKJPbIt�BDC[E�w6U1`1H�HKE,`|HAGOS¤HKC<E�ZRU1E,E,j£oi`|HKUXNOHKEaZIoRx�VWC<JYb{CiJY`8GRc[HXdYJPQ<E,j!JYQ��AC6N ^ HXE,U � xgV/NI`AN*`1JYF ^ dYE
HKEa`1Hyc<`1JYQ<ZuHKC<E�� ( � 2/'� 	 /�^ U1GRZRUXNIFut ��Eab&NIdPd2HXC6NOHklmE,b,NIc<`XE�GOSWdYJYF!JPHKNOHKJPGRQ<`(JPQ � ( � 2/'� 	 /��
` ^ E,baJPw6b,NIdYdMo�HKC6NµH\GRQ[dPo}dYEaQ<ZIHKC r|¨ b{C6NIJYQ[`�NIU1EzHKU1E&NOHXE,j � HKC<EzUXE,`1c<dPHX`\GIS+HXC<JY`WHKEa`1H�VAGRc[dYj�Q<GOH
lmE}HXGIH{NIdPdPo�NIb,bac<UKNOHXEIx/l[c[HiHXC<Eaonj<JPj ZIJPLRE}c<`!`XGRF!E}JYj<E,N²GIS�VWC<EaHXC<E,U�GRUyQ<GIH!HKC<E}ZRUXEaE,j[o
NIdPZRGRUXJMHKC<F�V/NI`/STE,NI`XJPl<dYE�HKG�JPF ^ dYE,F!E,QgHANIQ<j�VWC<EsHKC<EaUDJPH�ZgN&LRE(c<`/NIQgo�`1GRU1HDGOS�JYF ^ UXG�LREaFiEaQgH
G�LREaU�HXC<EfGRc[H r GIS r lmG � - � ��* .�w<E,dYjuNIdPJYZRQ<F!E,QgHX`/GIS HKC<EflmE,Q<b{C<FiNIU1®�b,d§NO`X`XEa`,t2BDC<EfUXEa`Xc<dMHK`WGIS
HKC[JY`/HKEa`1H�b&NOQulmE(STGRc<Q<j}JYQuv£EabaHKJPGRQ �£t <�< t � t
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BDC<E�F!GR`|H\JPF ^ GRU1HKNIQgHWHKE,`|H�GIS?HKC<E�ZIUXE,Eaj[o}`1HXUKNOHXE,ZIo}HKC6NµH�V�E�UKNOQ�V/NO`�HKGiHKE,`|H�JMH\GRQ � /0/µ]'� t
BDC<JP`fVAN&o�V�EibaGRc<dYj¢baGRF ^ NIUXEkJMHK`(UXEa`Xc<dMHK`(HKG�HXC<EyUXE,`1c<dPHX`(GIS2HKC<EyE � C6NOc<`1HXJPLREiNIQ<j²UKNOQ<j<GRF
`1HXUKNOHXE,ZRJPE,`�JYQ}HKC<Ez`KNIF!E*STUXNIF!EaV�GRUX®_t ��Q<dPJY®OE*HXC<E¦ZRU1E,Eaj[ohHKE,`|H\VWJMHKC¡v±b&N&LREaQ<ZREIx HKC<JP`�JPF ^ dPE r
F!E,QgH{NOHXJYGRQ}HKG±GR®hJYQgHKG�NIb,baGRc<QgH(b{C6NIJPQ<`�GIS2NOQ�o�dYEaQ<ZIHKCuHKC6NOH\JYQ<badYc<j[E,j�lmGIHKC / ,213&)(4,5*46 NOQ<j
 �� 1#&)(4,#*46 G ^ baG£j[E,`,t+%�EfJYF ^ dYEaFiEaQ�HXE,jhNk`1HXUKNOHXE,ZIo�FiG±j<c<dPE\STGRU�v£EaE,®�UWb&NIdPdYE,j ¹��&/0/ � � � ¶ � ��¶ &
/ 	 � HKC<NOH+VAGIc<dYj ^ EaU1STGRU1F GRc<U8C<Eac<UXJP`1HXJYbWNIQ<j ^ c[H2JMH+HKGfVAGRU1®�GRQyHKC<E\eRN&LONflmE,Q[b{C<F�NOUX®�`,t+%�E
j<JP`Xb,c[`X`WHKC<EfUXEa`Xc<dMHK`WJYQuv£EabaHXJYGRQ �£t <�< t � t

� ���y� � �@� 
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�~Q�HXC<JY`�`XEabaHKJPGRQ�V�E¦GRc£HKdYJPQ<E*NIQ<j�j[JY`Xbac<`X`�HKC<EzUXEa`Xc<dMHK`\GOS8NIdYd¤HXC<E¦E � ^ EaUXJYF!E,QgHX`\j<Ea`Xb,U1JYlmE,j¡JPQ
HKC[E ^ UXEsL±JYGRc<`¦`XE,bsHKJPGRQ<`,t¡BDC[E�E � ^ EaUXJPFiEaQ�HX`kNIU1E�j<JML£JPj<E,j�c ^ JYQgHKG}HKC<U1E,E�ZRU1GRc ^ `�l<NI`XEaj�GRQ
VWC6NOHkV�Eh`XEsHiGIc[HkHKG¢F!E&NI`1c<UXE�JPQ�E&NIb{CnGRQ<EOt�BDC<EhZRUXGRc ^ `yNIUXE�JPQ<j<JPUXE,bsHKJPGRQ�b{C6NIJPQpb,GRc<QgH,x
HKJPFiJPQ<Z<x£NIQ<j}UXEaGRUXj<EaUXJPQ<Z<t
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BDC<E�U1E,`1c<dPHX`/GIS�HKC[E�`XE,NIUXb{C�STGRU2JYQ<j[JYUXEabaHXJYGRQib{C6NIJYQ[`/c<`XJPQ<Z �������  �NI`AGIc[HKdPJYQ<Eaj�JYQ�v£E,bsHKJYGIQ�JYQ r
j<JPU (XN&LON ^ V�E,U1EuQ[GIHiLIE,U|o EaQ<b,GIc<UKNIZIJYQ<Z<t �~j<E,NIdYdMo�VAEhV�GRc<dYjnC6N&LREudYJP®IE,jpHKG²`XEaE ^ U1GRZRUXNIFi`
VWJPHXC¢dYGRQ<ZhZREsHXw6EadYj¢b{C6NIJPQ<`,x�NI`(HKC[JY`�V�GRc<dYj²E,Q<NIl<dYEyc<`(HXG}lgo ^ NI`1`zHXC<EyZRUXE,NOHKEa`1H*Q�c<F�lmE,UfGIS
l6NIb{® r NIQ<j r STGRU1HXC¡FiGIHXJYGRQ[`�lmEaH~V�E,EaQ�HKC[Ey� q �°NIQ<j¡FiNIJYQuFiEaFiGRU|oRtf¥�GV�EaLIE,Uax Q[GRQ<EkGIS8HKC[E
lmE,Q<b{C<FiNIU1®±`yQ<GIU�HKC<EueRN&LON ^ NIb{®µNIZRE,`yC6NOj NOQ�o�b{C6NIJYQ[`kdYGRQ<ZIE,U¦HXC6NIQpdYEaQ<ZIHKC ¨ x2NIQ[jnGIQ<dPo
HKC[UXE,EhGISWHXC<Eh`XEaLIE,QgHKEaE,Q j[JYUXEabaHXGRUXJPE,`kb{C<Eab{®IE,j C6NIjpFiGIUXE�HXC6NIQ < �¢dYEaQ<ZIHKC r|¨ b{C6NIJPQ<`,t�BDC<E
b,GIF ^ dPEaHXE(UXE,`1c<dPHX`�NIUXE ^ U1JYQgHKEajuJPQ�.?JYZRc[UXE �£t < t

BDC[E¦j<JP`Xb,GIc<UKNIZIJYQ<Z!UXEa`Xc<dMHK`\GOS?HKC[JY`WHKE,`|H�j<JPjuQ[GIH\b,NIc<`1E¦c<`�HKG�ZIJPLRE*c ^ x_HKC[GRc<ZRC¤t .6GRU
GRQ<E(HXC<JYQ<Z[x[HKC<JP`W`Xb,U1J ^ H�j<G±E,`WQ<GOH�j[EaHKEabaH  �� 13&)(4,#*26 JPQ<`1HXUXc<bsHKJYGIQ<`,x<`1JYQ<baEzJPQueRN�LONylgo±HXEzbaG£j[E
Nzb{C<NIJYQiE,Q<j<JPQ<ZzVWJMHKC!HKC<E  �� 13&)(4,5*46 G ^ E,UKNµHKGRU2C6NI`AN  �� � � JPQ<`1HXUXc<bsHKJYGIQiJPQiHKC[E\F!JYj<j<dPE/HKC6NµH
^ c[HX`DHKC<E(LONIdYc[E�HKGiNI`X`1JYZRQ�HKC[Efw<E,dYjhGRQgHXG!HXC<Ef`1H{NOb{®mt

,�`*V�E!j<JY`1b,c<`1`XE,j�JYQ¢`XEabaHKJPGRQ�v±E,baHXJYGRQ < t < x�HKC<E  �� 13& (4,#*46 JPQ<`1HXUXc<bsHKJPGRQ¢JY`(`1HXJYdPd ^ NIU|H
GISWN}b{C6NIJPQ�EaLIE,Q�HXC<GRc<ZRC�JPH*j<G±E,`¦Q[GIH¦baGRF!E�j<JPUXE,bsHKdMo¢NOS HKEaUzHXC<E / ,213& (4,#*46 G ^ EaUKNOHXGRU,t *�o
dYE,N&L£JPQ<Z�HKC[E,`XE(G ^ EaUKNOHXGRUX`DGRc£H&x£HXC<E(`XbaUXJ ^ HDw6Q<j<`DQ[GkdYE,Q[ZIHKC r � b{C6NIJPQ<`,x<l[c[HDVAE(E � ^ EabaHWHKC6NµHWN
F!GRUXE(U1GRl<c<`|H�HXE,`|H�HXC6NOHWJPQ<b,dPc<j<E,j  �� 1#&)(4,#*46 G ^ baG£j[E,`DVAGIc<dYjhw6Q<j}`XGRF!EIt
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.?JPZRc<UXE �±t �<x¤VWJMHKC�NIdYd?Q±c[F�l EaUX`fUXE ^ UXEa`XEaQ�HXJYQ<Z ^ EaUXbaE,QgH{NIZIEiGIS�lmE,Q<b{C<FiNIU1®¡E � E,bac[HKJPGRQ²HXJYF!EIt
BDC<E ^ E,U1b,E,QgHKNIZRE,`WNOUXE�ZRUXN ^ C<Eaj�JYQ .?JYZRc[UXE �±t -£t+BDC[E\w6UX`|H/H~V�G!baGRdYc[FiQ<`�UXE ^ UXEa`XE,QgHDHXC<E\HKJPFiE
HKG¢baGRQ<`1HXUXc<bsHyHKC<E�H~o ^ EuNOQ<j JPQ<`1HXUXc<bsHKJPGRQ�H{NIl[dYE,`kU1E,` ^ EabaHKJMLREadPoRt�BDC[Ehw<Q6NIdAHXC<UXEaE}baGRdYc[FiQ<`
NIU1E�HKC<E�HXJYF!E�UXE$�±c[JYUXEaj HXG�b,GRc[Q�HhHXC<E¢F�NIbaUXGR`�l EsSTGRUXE¡U1E,GRU1j<E,U1JYQ<Z<x ^ E,U1STGIUXF HXC<E¢ZRUXEaE,j[o
UXEaGRUXj[E,UXJPQ<Z!NIdYZIGRUXJMHKC<F}x[NOQ<jhj<G!HXC<E ^ GI`1H r UXEaGRUXj<EaUDb,GRc[Q�H,t
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H{NOl<dYEa`,t	*AE,b,NIc<`1EuHKC[EhH~o ^ E}HKNIl<dPE�JY`kl<c<JPdPHkU1E,bac<UX`1JPLREadPopc<`1JYQ<Z�NIQnJYF ^ GIU1HKEaj ^ NIb{®µNIZREOx�V�E
JYQ[b,c<U�E � HKUKNhG�LREaUXC<E,NIj�JPQ�HKC<EyNOj<j<E,j²F!EaHKC[G£j¡b,NIdYdP`,x VWC[JYb{C²E � ^ d§NOJYQ<`\HXC<Ek`XdPG�VWj<G�VWQ�C<EaUXEOt
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F!E&NIQ<`DV�Efb&NIQ}b{C<E,b{®hdPGIHK`DGIS ^ GR`X`1JYl<dPEfNIdYJPZRQ<F!E,QgHK`/JPQ}NyU1E&NI`1GRQ6NIl[dYEfNIF!GRc<QgHWGIS HKJPFiEOt

�$� �	� � � � 
� � � � ��� � ��� �  � � �

BDC<E}UXEa`Xc<dMHKJYQ[Z²ZIUKN ^ CnGIS�HKC<E ^ GRJYQgHK`!NIQ[jnHXC<E}w[HidPJYQ<EOx .?JYZRc[UXE �£t � x�`1C<G�VW`iHXC6NOH!GRc<UyCgo r
^ GIHKC<Ea`XJP`ASTUXGRF�v£EabaHKJPGRQ �£t -*VANI`Db,GRU1UXEabaH�NIQ<j�HXC6NOH�HKC<E(U1E,d§NµHKJYGIQ<`XC<J ^ lmEaH~V�E,EaQub{C6NOJYQ�dPE,Q<ZIHXC
NIQ<j}E � Eab,c[HXJYGRQ}HKJYF!E�JP`�badYGR`1E(HKGydYJPQ<E&NIUat+BDC<E*`XdYG ^ E(GIS�HKC<EfdPJYQ<E(JP` � � � ¨ t � Q<` ^ E,U / ,21#&)(4,#*46
JYQ[`1HKU1c<baHXJYGRQ�xg`XG(VAE�`XC[GRc<dYjyE � ^ E,bsH�HXGf`KN&LRE�NIlmGRc[H+HKC[JY`8NIF!GRc<QgH+GISmHKJPFiE�STGRU+j<GRc<l[dYEDJYQ[j<JYU1E,b r
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HKJPFiEiSTGRU�`XJPQ<ZRdPEIx8j<GRc<l[dYEIx2NIQ[jnHXUXJ ^ dYE�JPQ<j<JPUXE,bsHKJPGRQ<`�lmGIHKC�VWJMHKCnNIQ<j�VWJPHXC<GRc[Hyb,NIb{C<EOt�BDC<E
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%´C<JPdYEiHXC<E�G ^ HXJYF!J#",NOHKJPGRQ<`f`XJPZRQ<JPw<b&NIQgHKdMo²UXE,j[c<b,EajnHXC<E�Q�c<F�lmE,UkGIS�baGRF�l<JPQ6NOHKJPGRQ<`*JYQ�F!GR`1H
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HKGkw6Q[JY`XC�t .�JYZRc<U1E �£t < �k`XC<G�VW`WHKC<E*b&NOdYb,c[d§NOHXE,j�lmGRc<Q<j<`�NIQ[j}HXJYF!E,`/STGRUDE,NIb{CulmE,Q[b{C<F�NOUX®_t
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.6GRU�e * *\x?HXC<E�E � C<NIc<`1HXJPLIE�`1HKUXNOHKEaZIo�j[JYj�Q<GOHkUXc<Q�dPGRQ<ZuE,Q<GRc[ZRC�HKG�EaQ<b,GRc[Q�HXE,UkHKC[E

NIbsHKc6NId�dPG�VAEaUDl GRc[Q<j - VAE*®�Q<G�V HKC[JY`DlmE,b&NOc<`XEfHKC<E � UXEaE,j[o�`|HKUXNOHKEaZIo�UXEa`Xc<dMHK`WJYQ ¨ �kFiNIb,U1GR`,x
NI`�j[JY`Xbac<`X`1E,j²JYQ¢v±E,baHXJYGRQ �±t <�< t � .�tfBDC<JY`�JP`�HXC<Ekj6NIQ<ZIE,U�GIS2c<`1JYQ<Z�HXC<JY`�FiEsHKC<G±j�HKG�F!E&NO`Xc<U1E
lmGRc<Q<j<`2VWC<E,QiHKC<E ^ UXGIZRUKNIF°j[G£Ea`�Q<GOH�w6Q[JY`XC�t %�E�C6N&LRE�Q<G¦U1E&NId_ZRc6NOUKNIQgHKEaE�HXC6NOH�NIQgo!GIS¤HKC[E
JYQ[b,GRF ^ dYEsHKE�HXE,`1HX`�b,NIF!E*c ^ VWJMHKCuN!Q�c<F�lmE,U�EaLIE,QuUXE&NO`XGRQ6NOl<dPo�badYGR`1E*HXGkHKC<E*UXE,NId�FiJPQ<JYF¦c<F
STGRU/HXC<GR`XE ^ U1GRZRUKNOFi`ax<l<c[HWVWJPHXC<GRc[HWHXC<E*NIJYjhGIS�NIQuE � HKUXEaFiEadPo�S NO`1H�b,GRF ^ c[HXE,Uax<HKC<Eso}NIUXE(HKC[E
lmE,`1H�U1E,`Xc[dPHK`DV�Ezb,NIQ}ZREaH,t

���������! � � � � �	� � ��� �

.?JPZRc<UXE �£t <�< `XC<G�VW`\HXC<E¦U1E,`Xc[dPHK`�GIS+U1c<Q<Q<JPQ<ZiHXC<EzUXNIQ<j<GIF�U1E,GRU1j<E,U1JYQ<ZiFiG±j<c<dPEfGRQuHXC<EkeRN&LON
lmE,Q<b{C<FiNIU1®±`at .6GRU(E,NIb{C�lmE,Q[b{C<F�NOUX®_x V�E!UKNIQ¡HKC[E ^ U1GRZRUXNIF ¨ -�HXJYF!E,`fNIQ<j²F!E&NI`1c<UXEaj�HKC[E
F!E&NIQ�Q�c<F¦l EaU(GIS8F�NOb,UXGI`(NIQ<j�HXC<E�F!JYQ<JPF�c<F STGRU�HKC6NOH�`XEaHfGOS+HKUXJYNIdY`at�.6UXGRF�HXC<E,`1E!U1E,`1c<dPHX`
V�E\b&NOQ�UXE,NIdYdMok`XEaE�HXC<E\lmE,Q<Esw<H�GIS�FiNI®�JYQ<ZfHKC<E�l6NI`1JYb�NI`X`1c<F ^ HKJPGRQ!HXC6NOHANIdYd6U1EaSTEaUXE,Q[b,E,j�w<E,dYj[`
`XC[GRc<dYj}lmE ^ d§NIbaE,j}l EsSTGRUXE*NIdPd�c<Q�c<`1E,j�w6EadYj<`WJPQ}E,NIb{C�bad§NI`1`,t *AE,b,NIc<`1E*HXC<EfUKNIQ<j[GRF `1HXUKNOHXE,ZIo
j<G±E,`DQ<GOHDF�NO®IE�HKC[JY`DNI`1`Xc<F ^ HXJYGRQ�VWC<EaQuUXNIQ<j<GIFidMo ^ GR`1JPHKJPGRQ<JPQ<Z¦E,NIb{C}w<E,dYj�x£HKC[E(FiE,NIQhJY`/JPQ
NIdPd�b&NI`1E,`zC<JYZRC[E,U*NIQ<j�JYQ²F�NIQgo¢b,NI`XEa`zF�c[b{C�C<JYZIC<E,U(HKC<NIQ²HXC<E!F�N � JPF�c<F LONIdPc<EyGRl[HKNIJYQ<Eaj
STUXGIF NIQ}E � C6NIc[`1HKJMLRE*`XE,NIUXb{C¤t

%�E+VAGIc<dYjfE � ^ E,bsH HXC6NOH NIQfJPQ<b,U1E&NI`1E,j*Q±c[F�l EaU�GIS±HKUXJYNIdY` ^ EaU�l EaQ<b{C<FiNIUX®�VAGRc[dYjfUXEa`Xc<dMH
JYQuNydYG�VAEaU�F!JYQ[JYF�c<F}x[l[c[H�HXC<E ¨ -kHXUXJYNIdY`WNIdPUXE,NIj[o�HKNI®IE*c ^ V/NOUXj<`�GOS < - r>¨ �kFiJPQ�c[HKEa`WHXG�U1c<Q
STGRU�E&NIb{ChlmE,Q<b{C<FiNIU1®mt�� H/JY`/NOdY`XGzVAGRU|HKC�Q<GOHKJYQ[ZzHKC<NOH/V�E�UKNIQ�HXC<E\HXUXJ§NOdY`2N¦STEaV´HKJPFiEa`Aj<c[UXJYQ[Z
HKC[E�j<EaLIE,dYG ^ FiEaQgH ^ UXG±b,E,`1`,x�NIQ<j�HKC[E}F!E&NOQ<`�VAEaUXE�LREaU1o�baGRQ<`1JY`1HXE,QgH!G�LRE,U!NIdPdAb,NI`XEa`,t�BDC<JP`
dYE,NIj<`�c<`\HKGil EadYJPEaLRE*HKC6NµH�EaLIE,Q¢c ^<^ JYQ<Z!HKC<E�Q�c<F¦l EaU\GIS+HXUXJ§NOdY`Wb,GRQ[`XJYj[E,UKNOl<dPohVWJYdPd�Q<GIH�C<N�LIE
NIQgo�Es��EabaHWGRQ�HXC<EfN&LREaUKNIZRE*NIQ[j�HKC6NOHAHKC<E(GRl[`XE,U|LREajuF!E&NIQ�JP`DNIbab,c<UXNOHKEOtA�AdPE&NIU1dPoiN�`1HXUKNOHXE,ZIo
JYQgLIGRdPL±JYQ[ZkUKNIQ<j[GRF GRU1j<E,U1JYQ<ZyJY`DQ[GIHWj<E,`1JYUXNIl<dYE�STGIUWNIQgoh`XGRU|HWGIS?U1E&NId r V�GRUXdPj�`XJMHKc6NOHXJYGRQ�t

��� ��� ��� � � � � �	� � � � ����� � � � � � ����� � ���
.?JPZRc<UXE �£t <¨ `XC<G�VW`�HKC[E¡UXE,`1c<dPHX`�GIS*UXc[Q<Q<JYQ[Znv£b&N&LREaQ<ZRE¢GRQ�E,NIb{C�GOS*HXC<E�lmE,Q<b{C[F�NIU1®�`uNO`
GRc[HXdYJPQ<E,juJYQ¢v£EabaHXJYGRQ �±t � t�BDC<E¦HXJYF!EzU1E ^ U1E,`XEaQgHK`(HKC<E*STc<dYd UXc[Q�HXJYF!EzGOS+HKC<E ^ UXGRZRUXNIF}x_VWC[JYb{C
JYQ[b,dYc[j<E,`kNOQ�JYQ<JMHKJ§NOd+F�NIbaUXG�baGRc<QgH&x�HXC<E�ZRU1E,E,j£o�UXEaGRUXj[E,UXJPQ<Z<x+NOQ<jpN�w6Q6NId�F�NOb,UXG�b,GRc<QgH�HXG
(1c<j<ZIE¦HKC<E¦l EaQ<Eaw<H,tzBDC[E ^ UXGRZIUKNIF�b&NOQ¢NIdY`1G�l E¦UXc<Q�VWJMHKC<GRc£H�HKC<EzH~VAGhFiNIb,U1G�b,GRc[Q�HX`���HKC[E
ZRU1E,E,j£o NIdPZRGRU1JPHKC[F UXc<Q<`�JYQ E � NObaHKdMopHKC<E�`XNIF!E�FiNIQ<Q<EaU�l<c[H�E � ^ EaUXJPFiEaQ�HKNIdYdMo�VAE¡b,NIQ<Q<GOH
LREaUXJMS o¡HKC<E!UXEa`Xc<dMHK`,t�� SAHKC[E ^ U1GRZRUXNIF VAEaUXE!UXc<Q�JYQ�N}U1E&NId r V�GRUXdPj¢`XJPHXc6NOHXJYGRQ¤x�V�EiV�GRc<dPj�Q<GOH
b&NOUXE(NIlmGRc[H�HKC<E\FiE,NI`Xc<U1JYQ<Z*HKC<E ^ EaU1STGRU1F�NIQ[b,E\lmE,Q[Eaw<H,x<`XG�V�E�C6N&LREfNOdY`XGzJYQ<badYc<j[E,j�HXC<E\HKJPFiE
JPHzH{NI®OE,`�HXG�UXc<Q�HXC<E�NIdPZRGRU1JPHKC[F VWJPHKC�HKC<E�FiNIbaUXG�baGRc<QgHKJPQ<Z�j<JP`KNIl<dPE,j¤t¡v£JYQ<baE�NIQgo�`1GRU1H¦GIS
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UXEaGRUXj[E,UXJPQ<Z ^ UXGRZIUKNIF V�GRc<dPjulmE¦N!UXc<Q r GRQ<baE¦N ^<^ dYJPb&NOHXJYGRQ�x6N!FiN � JYF¦c<F�HKJPFiE(GOS8NIUXGIc<Q<j ¨ �
`XEab,GRQ[j<`�JP` ^ UXEsHXH~ohZRG±G±j¤t

��� ��� ��� � � � � �	� � � � ����� � � � � � � � �
��Q<b,E�NIZgNIJPQ V�E�UXNIQ�HXC<E�`|HKUXNOHKEaZIo j<E,`1b,UXJPl Eaj JYQ v£E,bsHKJPGRQ �£t < � NIQ<j�HXC<E,Q JYF!FiEaj<J§NOHXE,dMo
b,GIc<QgHKE,j}HKC<E*Q�c<F�lmE,U�GIS�F�NIbaUXGR`WQ<EaE,j<Eaj�STGRU ^ U1GRZRUKNOF�b,G�LIE,UKNOZREIt ,�UXF!E,jhVWJPHXC}HXC<JY`WJYQ£STGRU r
FiNOHKJPGRQ¤x_VAE ^ c£H�HKGRZIEaHKC[E,UfNIdPd�GIS+HXC<EkUXEa`Xc<dMHK`\STU1GRF�HKC<Ekj<JM��EaUXEaQ�H � /0/µ]'� `|HKUKNµHKE,ZOo�F!G£j<c[dYE,`
JYQgHXG�GRQ<E�HKNIl<dYEOt � H(JY`�VAGIU1HKC¢Q<GOHKC<JPQ<Z�HKC<NOH(JYQuHKE,U1Fi`\GIS2UXc<QgHKJPFiE*HKC<EkUXNIQ<j<GIF `|HKUKNµHKE,ZOo�JP`
HKC[E!S NI`|HKEa`1H*l<c[HzJPH*NIdP`XGhJY`(HXC<EydYE&NO`1H*b,GRQ[`XJY`|HKEaQ�H,t�BDC<E!E � C6NOc<`1HXJPLRE�NIQ<j²ZRUXEaE,j[o¢`|HKUXNOHKEaZRJYEa`
VWJYdPd8UXEaHXc<UXQ�HXC<E�`XNIFiEiUXEa`Xc<dMHK`¦STGRU*HKC<E�`KNIF!E ^ U1GRZRUXNIFi`*EaLIE,U|o�HKJPFiEOx?l<c[H¦HKC<EiE � C6NIc<`|HKJMLRE
`1HXUKNOHXE,ZIo�C6NI`DHKC<E ^ GIHKEaQgHKJ§NOd�HKGkH{NO®IEzNyF¦c<b{CudPGRQ<ZREaU/HKJPFiE\HXGyUXc<Q¤t

.�JYZRc<U1E �£t < � `1C<G�VW`�HKC[E¦Q�c<F�lmE,U�GIS�FiNIbaUXGR`WGRl[HKNIJYQ[E,jhSTUXGRF�j<GIJYQ<Z!NiZIUXE,Eaj[ohGRU1j<E,U r
JYQ[Z¡NI`�baGRF ^ NIUXEaj�HKG�HXC<E�Q�c<F�lmE,U�GIc[HkGISDHXC<E�l G � x�HKC[E�F�N � JPF�c<F NIQ<j�F!JYQ[JYF�c<F STUXGRF
E � C6NOc<`1HXJPLREOxmNIQ<j�HKC<E(F!JYQ[JYF�c<F STU1GRF NkUXNIQ<j<GRF `XE,NIUXb{C}GIS ¨ -zHKU1J§NIdP`,t7�\S�HKC[E*lmE,Q[b{C<F�NOUX®�`
HKC<NOH(b,GIF ^ dPEaHXE,j¡E � C6NOc<`1HXJPLREyU1E,GRU1j<E,U1JYQ<Z<x HKC<EkZRU1E,Eaj[o¢NIdPZRGRUXJMHKC<F�b,NIF!Ekc ^ VWJPHXC¢HXC<E�G ^ HKJ r
FiNId NIdYJPZRQ<F!E,QgHWJYQuEaLREaU1o�b&NI`1EIt�BDC<E�Q�c<F�lmE,U1`\STGRU�ZRUXEaE,j[oIx�FiN � JYF�c<F}x_NIQ<j�FiJPQ<JYF�c[F NIU1E
ZRUXN ^ C<EajuJPQ .�JYZRc<U1E �£t < �<t

.6GRUfHKC[E�lmE,Q<b{C<FiNIU1®±`zHKC6NOHzj<GuQ<GIH*w6Q<JY`1C�HKC[E�E � C6NOc<`1HXJPLRE�`XE&NOUXb{C¤x�JMH¦JP`zC<NIUXj<EaU*HXG
JYQgHXE,U ^ UXEaH�UXE,`1c<dPHX`,t��~Q!e * *\xOSTGRU?JYQ<`|H{NIQ<baEIxIHXC<EDZRU1E,E,j£o�NIdPZRGRU1JPHKC[F b,GRF!E,`�c ^ VWJPHKC ¨ �\F�NOb,UXGI`
VWC<JPdYE�E � C<NIc<`1HXJPLIE!w6Q[j<` ¨3< x�l<c[Hf`1JYQ<baE!E � C6NIc<`|HKJPLIEiGIQ<dPo�b{C<E,b{®OE,j�GRQ[EkGRQ<E r HKC<GIc<`KNIQ[j[HKC²GIS
N ^ E,UXbaE,QgH�GIS NIdPd ^ GR`X`1JYl<dPE\b,GIF�l<JYQ<NOHKJPGRQ<`,x�V�E*b,NIQ<Q<GOHDF�NO®IEfNIQgo�`|H{NOHXE,F!E,QgHK`WNOl GRc£HDZRUXEaE,j[o
b,GIF ^ NOUXE,j�HXG!HXC<JY`DQ�c<F�lmE,Uat



� <

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


��� � ��� ��� < � � ¨ �£t - � � � t ���

���� � �  �� � � �+� ¨ ¨ �£t©�R� < �<t � � �


�� 
 � � �+� � � ¨ �<t < ��� < -£t � �I�

��� � ��� 
 � � � � � � <�< t � � ¨ � t ¨ ���


���� ��� ¨ ¨ � t ��� � -£t©� ���

�� � � �,� � � < � � � � t � ¨ � < � t � �


 �  
 � 
 ¨#< < � < -£t©� ��� � t �I�


�� � � � � � � <�< t � � � <�< t �O� �

���� � ��� � � � 
 � ¨ < �<t � � � � t � � ¨

.?JPZRc<UXE��£t <¨ ³ � /'� 2 �"� � �"�)(0/ � /��2/
�±¶�� 2�¶{»2/*¹�� /0/ � � �A« 	 �"�  ¶{» ����,  � 	 � ( � 2/�� 	 / � � � �  , ��·�¶
� 2 � � � �

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


��� � ��� ��� < � ¨ � ¨ � < � < �

���� � �! � � � �+� � � � � �


���
 � � �+� < � < � < � < � < �

�� � � �,� 
 � � � � < � < � < � <�< <�<


���� ��� � � < � � �


�� � � �,� � � � < � � � � ¨ � ¨ �


��  
 � 
 <�< < � < - <�< <�<


�� � � � � < � <�¨ < - <�< <�<

���� � �	� ��� � 
 � <�¨ <¨ � �
�	� � � � ¨ � ¨ � ¨#<

.?JYZIc<UXE �±t < � ³ �A« 	 �"�  ¶{» � ª � �zº����  ,����  � � /0/O]��



� ¨

.?JPZRc<UXE �£t < �<³ ¹�� �gºg» � 28¹�� /3/ � � � /'� 2 � � � �"�)(0/ � 	 �! �),>¶ 1 / � ,�·"� / � � �[·"� � ,

v±JYQ<baE�HKC[E�UXc<QgHXJYF!E,`�NIUXE�F�c<b{C�`XC[GRU1HXE,U�STGIUAZRU1E,E,j£oiHXC6NIQiSTGIUAE � C6NOc<`1HXJPLRE\GRQ�F!GR`1H�GIS
HKC[E(l EaQ<b{C<FiNIUX®�`,x_NOQ<jhl Eab&NIc<`1E(HKC<E(ZRU1E,Eaj[o�`1HXUKNOHXE,ZIo�ZRJPLIE,`Dc<`WNkZRc6NOUKNIQgHKEaE,jhUXEa`Xc<dMHDVWC<E,U1E
UKNOQ<j<GRF�j<G±E,`�Q<GIH,x6VAEfVAGIc<dYju`KN&o�HKC6NµH\GRc[U�C[E,c<U1JY`1HXJYb ^ E,U1STGIUXF!E,j �±c[JPHKEfV�E,dYd�GRQhVWC6NOHXEaLIE,U
^ U1GRZRUKNOF V�E*HXC<UXEsV NOHWJMH&t
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.6UXGRF°U1c<Q<Q<JPQ<Z�NOdYd<HKC[E,`XE\E � ^ EaUXJPFiEaQ�HX`,x�VAE\dYE&NOUXQ<EajiHKC<NOHAJPQ<j<JPUXE,bsHKJPGRQib{C<NIJYQ<`2j<G�E � JY`1H,x±HXC<Eao
b&NOQ�lmEWSTGIc<Q<jiVWJMHKC (XN&LIN ^yr b�l<c£HANOUXEWSTGRc<Q<j!JYQ!ZRUXE,NOHKEaU8Q±c[F�l EaUX`2VWJPHKC!j6NOHKNf¯<GV FiEsHKC<G±j<`,x
NIQ<j!UXEaGRUXj[E,UXJPQ<ZfHKC<EDw6EadYj<`2JYQyE&NOb{C�b,dYNI`X`2l6NI`1E,jiGRQ�Nf`XJPF ^ dYE/C<Eac<UXJP`1HXJYbWUXEaj<c<b,Ea`�HXC<E�Q�c<F¦l EaU
GIS�FiNIb,U1GR`AV�E�Q<EaE,j¤t+%�EfNIdY`1G¦j<JP`Xb,G�LIE,UXEaj}HXC6NOH�HKC<E(E � Eab,c[HXJYGRQ�HXJYF!E�STGIU/JYQ<j[JYUXEabaHXJYGRQib{C6NIJYQ[`
JY`�dYJPQ<E&NOUXdPo�l6NI`1E,j�GRQhHKC[E¦dYEaQ<ZIHXCuGIS?HKC<E*b{C6NIJPQ�NI`�dYGRQ<Z!NI`�Q<GRQ<E*GIS�HXC<EzNIj<j<U1E,`X`1E,`\HXGiSTEsHKb{C
NIU1E*b,NIb{C<Eaj¤t
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�~Q HKC[JY`�j[G£bac<FiEaQgH&xfVAE�j[E,`XJPZRQ<Eaj�NIQ<j GRc£HKdYJPQ<E,j N F!EaHKC[G£j STGIU�j<Ea`Xb,U1JYl<JPQ<Z�Nn`XE,U1JYEa`�GIS
F!E,F!GRU1o r NOb,b,Ea`X`1E,`fJYQ²eRN&LON�l�o�HXE,b,G±j<EOt %�EyNIdP`XG�j<Ea`Xb,U1JYlmE,j�N�FiE,NIQ<`�STGRU�E � ^ UXEa`X`XJPQ<ZuHXC<E,`1E
`XEaUXJPE,`(G ^ b,G±j<E,`fNO` 	 / ,>¶{·"� /�, t+,/H(w6U1`1H(V�EkC6NIj¢Q<GhJYj[E&N�GIS8HKC[E �±c<NIQgHKJPH~o�GRU(dYEaQ<ZIHXC¡GIS2ZRE,` r
HKc[UXE,`\JYQ�U1E&NId?eRN&LIN ^ UXGRZRUXNIF!`,xml<c[H�HXC<UXGRc[ZRC�E � ^ E,U1JYF!E,QgH{NOHXJYGRQ}VAEkZRNOHKC<EaUXEaj¡E,Q<GRc[ZRC�j6NOHKN
HKGy`1C<G�V HKC6NµHDHKC<Eso}NIUXE(U1E,d§NµHKJPLIE,dMo ^ dPE,QgHKJMSTc<d¸t

��E � H*VAE!JYQgHKU1G£j[c<b,Eaj²HXC<EyJYj<E,NhGOS � � (�� � , GRQ²N q ��	 j<EsL±JYb,EyVWC<JPb{C²V�GRc<dPj�j<GhHKC[E
UXE ^ E,NOHKEajnSTEsHKb{C<JPQ<Z²GIS�N¢ZREa`1HKc[UXE�VWJPHXC<GRc[Hy`1E,Q<j<JPQ<Z²JYQgHKEaUXF!E,j<JYNIU1o�JYQ[STGRU1F�NµHKJYGIQ�l6NIb{®pNOQ<j
STGRU|HKC�HXGiHKC[Ey� q �zt 	}c<b{C¡GIS8F¦ohV�GRUX®hV/NO`\E � ^ dPGRUXJPQ<ZiHXC<E¦LONIU1JYGRc<`WVAN�o±`(GIS�GRUXj<EaUXJPQ<Z�HKC[E
w6EadYjyGIS¤eRN�LON � 
 * � � �(w6dPE,`8`XG(HKC<NOH�NIdYd£ZRE,`|HKc<U1E,`2b&NIQylmEWHXUKNIQ[`Xd§NµHKE,jyJPQ�HXG(HKC<EDSTEaV�E,`|HAQ�c<F¦l EaU
GIS�F�NOb,UXGI`,t

,�S HKEaU!`1C<G�VWJYQ<Z¢HKC<NOHkw6Q<j<JPQ<Z²NIQnG ^ HKJPF�NOdA`XGIdYc[HXJYGRQ�JP`yNIQ � q?r baGRF ^ dYEaHXE ^ UXGIl<dYEaFux
V�E}GIc[HKdPJYQ<Eaj�N¡ZRUXEaE,j[opNOdYZRGRU1JPHXC<F NIQ<jpF!E&NI`1c<UXEajnJMHK`�Es��EabaHXJPLREaQ<E,`1`�NIZRNIJYQ<`|HkN�LONIUXJPEaH~o�GIS
GIHXC<E,U(F!EaHXC<G£j[`(JYQ<badYc<j<JPQ<Z�UXNIQ<j<GRF GRUXj[E,UXJPQ<Z}NIQ<j²N�HKJPFiE r baGRQ<`Xc[FiJPQ<Z�E � C6NOc<`1HXJPLRE!`XE,NIUXb{C�t
�~Q�j<GRJPQ<ZuHXC<JY`ax�VAE�JYF ^ dYEaFiEaQ�HXE,j²H~VAG ^ U1GRZRUKNOFi`fHKC6NµH�b,GIc<dYjpNIbsHKc6NOdYdPo¢U1E,GRU1j<E,UzHKC<E�w<E,dYj[`
GISAN}eRN�LON � 
 * � � ��w6dYEOtkBDC<Ekw6UX`|HfV/NI`zN�`XJPF ^ dPJY`|HKJYb ^ U1GRZRUKNOF STGRU\HXE,`1HXJYQ<Z ^ c<U ^ GI`XE,`fGRQ[dPoRx
l<c[H¦HKC<Ei`XE,baGRQ<jpJY`*F�c<b{C�F!GRU1E�UXGIl<c<`1H�N ^<^ dPJYb,NOHKJPGRQ²HXC6NOH¦b,GRQ<baE,JMLINOl<dPo²b,GIc<dYj�lmE�c[`XE,jpJPQ
UXE,NId r VAGIUXdYj�`1JPHXc6NOHKJPGRQ<`at

.�JYQ6NIdPdPoIx V�EhNIc[HXC<GRUXEajpN ^ JYEab,E�GOSWb,c<`|HKGRF!J#",NIl<dYE!`XJPF�c<dYNOHKJPGRQ�`1GIS H~VANIUXE�HXC6NOH�dPEaH¦c<`
L±JY`1c6NIdYJ ",EfHKC<E¦l EaQ<Eaw<HX`�GIS+HXC<E q ��	VWJPHXC<GRc[H�NIbaHXc6NIdPdPohJYF ^ dPE,F!E,QgHKJPQ<ZyJPH�JYQ�C<NIUXj[VANIU1EIt�*�o
` ^ E,baJPS o±JYQ[ZhHXC<E�HKJPFiJPQ<Z�j6NµH{N�STGRUfNIQgo¡`|o±`1HKEaFux�HXC<JY`(`1JYF�c<dYNOHKGIU\b,GIc<dYj¡lmEyc<`XEaj²HXG}F!E&NO`Xc<U1E
HKC[E ^ E,U|STGRUXFiNIQ<baE(GIS�GRc<UWF�NOb,UXGk`|HKUXNOHKEaZIohGRQ�HKC6NµHW`1o±`1HXE,F}t
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*/NI`1E,jkGRQzGRc<U�UXE,`1E&NIU1b{C¤xRSTc[HXc<UXE2VAGRU1®fb,GRc<dPjkNIbsHKc6NIdPdPo(JPF ^ dYE,F!E,QgH�HKC[E q ��	 c<`1JYQ<Z(NOQ . q � ,
GRU(GIHXC<E,U ^ UXGRZRUXNIF!F�NIl[dYE*C6NIUXj£V/NIU1Eyj<EaL±JYbaEIt %�Ey`Xc<bab,E,`1`1STc<dPdPo¡U1E ^ dYNIb,Eaj�N�ZIE,`1HXc<UXEkVWJMHKC²N
C<GRF!E,FiNIj<E2b,c[`1HKGIF	G ^ baG£j<E�JYQ¦N�UXE,NId[eRN�LON ^ UXGRZIUKNIF HKG�HKEa`1H?HXC<E�STE,NI`XJPl<JYdPJPH~oIxµl[c[H+N ^ UXGRZIUKNIF
V�GRc<dYj�C6N&LRE�HKG�l E!VWUXJPH1HKEaQ�HKG�Q<GOH�GRQ<dMo²UXE ^ d§NIbaE�NIdPd2ZIE,`1HXc<UXEa`kl<c[HyNOdY`XG}HKG�JPQgHKE,U ^ UXEsH�HKC[E
Q<EsV°b,c<`|HKGRF G ^ b,G±j<EyJYQ¡HXC<E�e'4 	�t�BDC<E,U1E�NIU1E!N}Q�c<F�lmE,U*GIS2STUXEaEiG ^ b,G±j<Ea`*HXC6NOH¦v£c<Q�dYEaS H
STGRU ^ U1GRZRUKNOFiF!E,U1`�HKG¢j<Eaw<Q<E�NI`kHXC<Eaop`1E,Euw[H&xAl[c[HiNIQgonNOHXHXE,F ^ HiNOH!UXc<Q<Q[JYQ<Z²N ^ UXGRZIUKNIF
c<`1JYQ<Z!GRQ<EfGIS�HKC<Ea`XE*G ^ baG£j[E,`�GRQ�NOQuE � JP`1HXJYQ<Zie'4 	�VAGIc<dYjhS NIJYd t+BDC<E,U1E¦NOUXE*NIQgohQ�c<F�lmE,UWGIS
G ^ E,Q�`1GRc<U1b,E 4\JYU1HXc6NId 	�NIb{C[JYQ<Ea`AHKC6NµH/UXc[Q�c<Q<j<EaUALONIUXJPGRc<`2E,QgL±JYU1GRQ<F!E,QgHK`ax6NIQ<j�NOQ�o!GIS�HXC<E,`1E
b,GIc<dYj�lmEkNIj<N ^ HKEaj¡HKG�C6NOQ<j<dYEzHKC<E�Q[EaV�G ^ baG£j[E,`(NIQ[j¡b,GRF!F�c<Q<JPb&NOHXEzVWJMHKC�HXC<E q ��	�c<`XJPQ<Z
NI`1`XE,F¦l<dPo�GIUD`XGRF!EfGIHKC<EaUDdYG�V r dPEaLIE,d�FiNIb{C<JYQ[E(b,G±j<EIt

,�Q<GIHXC<E,UkJPQ�HXE,U1E,`1HXJYQ<Z�JY`X`1c<E�JP`¦HKC6NµH�GISWb,NIb{C<EIt *AEab&NIc<`1E�HKC<EiHKJYF!E�JMHzHKNI®IEa`�HKG¡U1c<Q
JYQ[j<JYU1E,baHXJYGRQ�b{C6NIJPQ<`�HKC6NµHyNIb,baE,`1`kF�NIJPQ�F!E,F!GRU1o²UXEad§NOHXE,`�dPJYQ<E,NIUXdMo¡VWJPHXC�HKC<E�dPE,Q<ZOHKC�GISWHKC[E
b{C6NIJPQ¤x+VAEhbaGRc<dYj�E � ^ EabaH�N�ZRG£G±j�` ^ E,Eaj<c ^ JPSWV�E ^ c<`XCpHKC<JP` ^ U1G£baE,`X`1JYQ<Z¡HXG²`1GRF!E�`XGRU|HkGIS
JYQgHXE,dYdPJYZREaQgH ^ U1G£baE,`X`1GRU�JYQhF�NOJYQ�F!E,F!GRU1oIt

¥�G�VAEsLRE,Uax\JPQ<j<JYU1E,bsHKJYGIQ<`yb{C6NIJYQ[`iHKC<NOH�NOb,b,Ea`X`1E,j´b&NIb{C[E,j�JYQ£STGRUXFiNOHKJPGRQpj<JYj Q<GIH!H{NI®OE
dYGIQ<ZRE,U�HXG�E � E,b,c£HKE�NO`ib{C6NOJYQndYE,Q[ZIHKCnZRGIHydPGRQ<ZREaU,t �~Q S NIbsH&x�N²dPGRQ<Z¢b{C6NIJPQ NIbab,Ea`X`XJPQ<Z�GIQ<dPo
b&NOb{C<E,j�j<NOH{NkUKNOQuEsLRE,QuS NI`1HXE,UDHKC6NOQ�Ny`XJPQ<ZRdYEfNOb,b,Ea`X`�GIS?FiNIJPQ}F!E,F!GRU|oRt8BDC<E,U1EaSTGRU1EIx6STGRU1b,JYQ[Z
N ^ U1GRZRUXNIF°HKGkNIdMV/N&o±`/c<`1E(F�NOJYQ!FiEaFiGRU|o!F�N&o!E,Q<j�c ^ `XdYG�VWJPQ<Z�j<G�VWQ�GRQ<E�HKC6NOHAb,GRQgHKNIJYQ<Eaj
NidPGIH�GIS�U1E ^ EaHXJPHKJMLRE*FiEaFiGIU1o�STEsHKb{C ^ NµHXHKEaUXQ<`at ._c£HKc<U1EzV�GRUX®hb,GIc<dYj}l Ezj<GRQ<E*E � ^ dPGRUXJPQ<ZyHKC<JP`
^ C<EaQ<GRF!E,Q<GIQ¦NIQ[j ^ E,U1C6N ^ ` j<EaLIE,dPG ^ JYQ[Z�`1GRFiE8`1GRU1H GIS£b,GRQgHXUXGRdPdYE,U¤HXC6NOH b,GIc<dYjfj<Eab,JYj[E2VWC<EsHKC<EaU
HKG!ZRG!`1HXUKNIJPZRCgHDHKG!b&NIb{C<EzGRUDc<`1E¦GRc<U q ��	 l<NI`XEaj�GRQhVWC<JYb{C}VAGIc<dYj}UXEa`Xc<dMH�JPQ�NkS NI`|HKE,UDSTEsHKb{C
HKJPFiEOt7��c<UWb,GRQ[b,E ^ H�baGRc<dPjuNOdY`XGylmEfJYF ^ dYEaFiEaQ�HXE,j�j<JPUXEabaHKdMo�JPQ}b,NIb{C<EOt
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��LREaUA`XJPQ<b,E�JPHX`8JYQ[S NIQ[baoRx£eRN&LONzC6NO`�lmE,EaQ�lmGIHKC ^ UKNIJP`XEaj!STGRU8lmE,JPQ<ZzE,NI`1oyHXGzdPE&NIU1Q�NIQ[j�`XbaGRUXQ[E,j
STGRU�l EaJYQ<Z!l<c<dP®go�NOQ<j�`1dYG�Vft ��G�V HKC6NµH�HXC<E¦dYNIQ<ZRc6NOZREfJY`�l Eab,GRF!JYQ<Z!F!GRUXEfFiNOHKc<U1E¦NOQ<j�HKC[E
w6U1`1H�dYNIQ<ZRc<NIZREyGISWN�Q[EaV ZREaQ<E,UXNOHKJPGRQ�GIS ^ UXGRZIUKNIF!FiEaUX`ax�JMH¦JP`zF!GRUXEyJPF ^ GRU1HKNIQgHfHKC6NIQ�EaLREaU
HKC<NOH¦V�E�FiNI®IEiEaLIE,U1o�Ea� GRU1H*HKG�®IE,E ^ HKC<E!STUXGRQgH r E,Q[j�`XJPF ^ dPEkVWC<JYdPEiFiNI®�JYQ<ZhHKC[E�l6NIb{® r EaQ<j
F!GRUXE(E �ibaJYEaQ�H,t

BDC[E¦JYj[E&NyGIS+N q ��	²x JMS?FiNIj<EfHKGyVAGIUX®hJYQhb,G±GRU1j<JYQ6NµHKJYGIQhVWJMHKC}`1o±`1HXE,F�b&NIb{C[EIxmb,GRc<dPj
UXEa`Xc<dMH�JPQ�N�`XFiNIdPdYE,U*b,G±j<E!STG£GIH ^ UXJPQgH�NIQ[j�S NI`1HXE,U¦E � E,b,c£HKJYGIQpSTGIUzFiNIQgo ^ UXGRZRUXNIF!`*VWJMHKC<GRc£H
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NIQgo�NOj<j<JPHXJYGRQ<NIdmV�GRU1®�GRQ�HKC[E(c<`XEaU�EaQ<j}NIQ<jhGRQ<dMo�N�`1F�NOdYd¤NOFiGRc[Q�H/GIS GRQ<E r HKJPFiE\NIj<j<JMHKJYGIQ6NId
G�LREaUXC<E,NIj�NOHWbaGRF ^ JYdPE\HKJPFiEOt
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	Abstract: Abstract: We propose the notion of Java-program gestures that are composed of a series of memory-accessing instructions.  By finding patterns in gestures whose execution can be atomic, we can load them in an intelligent memory controller.  This process can improve performance of the Java Virtual Machine, decrease code footprint, and reduce power consumption in hardware.

In this thesis we formally define a language of gestures and introduce a method of detecting them statically at compile-time.  We introduce a simple heuristic for reducing the number of gestures that must be loaded into the memory controller and show that finding the minimum number is NP-Complete.  We profile the performance of this algorithm extensively on a set of Java benchmarks.
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