
�

�������	��
��

��	

�����������
���������! !"$#&%' )(*
�+*,
�
-�.�/10!.3254	687:9;.=<1<1.�>!?A@B6DCFEG6DH
I&/J68K:0!.G>8?	L5.�K:M)N OP<RQTS.G<1/FM8<1>D?A68KAU$@WVX.G/F/F.ZYZV[0!K\S.G/J6DC1>
.G9]6DV[H_^a`b-�.�/10!.Dcd254A687A9e.G<f<F.D?g@B6DCFEG6DHhciI&/F6DK:0D.!?jL\.�K:MDV[<�c Qk.=<F/1MD<�?:@lV[.�/1/F.Dc Y�VX0DK:.�/F6!C=m8nZHX6Do:/FVhc pq/
>3r 6Do	M!/F68<1M!V[/F.ZL\MD/JUg.�HX6DVXCasR.tEJ4:.G/JEJ4:.u.GK$vwKgpqMD/F9]6)<FVXxj7:.!?
y MD9]68VXK:.�z{K:VX|D.�/FC1V[<F68VX/F.D?
}!~:� ?gE=M!7:/JCRUg.uHX6 r V[oaS.G/J6)<1VXMDK�?
}D}D�!�j~3� 68HX.GKAEG.325.tUg.=��?A�A/F6DKAE=.!c
� 4:VXC\�A6D�	.�/a�:/1.tCf.�Kj<FCa� � M�.D?g68K$��@lvlUg.�U:VXE�6)<1.tU�<FM�<F4:.u.=�:EJ4A6DK:0D.{MDp'�j6b|)63MDo:��.�E�<JC\V[K�<14:.�E=M!Kj<1.=��<aM8p�4AV[0!4

��.G/1pqMD/F9;6DKAE=.REGMD9;�:7g<FV[K:0	cB�W|D.�K�<F4:MD7A0D4]�!6b|)6us{Qkv'�:/FM)|�VXUg.tCB6u0DM�MgU3pq/J689;.��5M!/1��pqM!/WUgV�C�<F/1VXo:7g<F.�U;MDo:��.�E�<JCBVXK
0D.�K:.G/J68H_?)V[<WVXC*��K:M)�RK�<1M�o�.axj7:V[<1.RVXK:.G�]EGV[.�Kj<�?D9]6DV[K:HX��Ug7A.5<FM&<14:.{�j6b|)6ZC1.G/FVX6DH[VX��68<1VXMDK��:/1MgEG.�CFCGc'Q�68K����:/FM8��.tE�<FC
4A6b|!.;6DH[/F.�6!Ug��VX9;�:/1M)|!.�U�s{Qkv&.GV[<14:.�/�o���/F.�U:.�C1V[0!K:V[KA0�6DKAU�/1.�V[9;�:HX.G9;.�K!<FV[KA0kVP<3M!/3o���/F.GVX9e�AH[.�9e.�Kj<1VXK:0�<14:.
C1.G/FVX6DH[VX��68<1VXMDKk�:/FMgE=.�CFC�c{��.;E=H�68VX9�<14A68<Zo�M8<F4�68�A�:/1Mj6DEJ4:.tC{68/F.39;V�C1C1V[KA0�6�EGH[.t68/Z6DKAUk4:VX0D4�H[.�|D.GH*��@lvapqMD/Z<14:.
.=�:EJ4A6DK:0D.uMDp*M!og��.�E=<FC�c5� � M�.��:/FMD��M!C1.�CR6�K:.G��CfVX9;�:HX.���@lv5<F4A6)<RpqMgEG7ACf.tC{M!K�<F4:.3.G�gEJ4	68K:0!.&MDpBMDog��.tE�<FC�c � 4AVXC
��@lv�V�C��	.=�gV[oAH[.\.GK:M!7:0D43<1Mu68HXH[M)��?tpqMD/'VXKAC�<J68KAEG.D?8UgVX/F.�E�<BE=M!���&MDpAo��j<1.aC�<F/1.t689]C�/F.G�A/1.tCf.�K!<J6)<FV[M!K�M8p	�!YZQ�MDog��.tE�<FC
M)|D.�/�6&Cf��.�EGVX6DH[VX�G.tU�<F/F6DKACf��MD/1<�H�6b�D.�/�C17AEJ4�6!C�Q��j/FVXK:.=<*MD/'HX6D�:V_c�sR.�9eMD<1.\9;.=<14AM�U�VXKj|!MgEG6)<FV[M!K�pq/J689;.G�\MD/F�gC�C17AEJ4
6DC\�j6b|b6�s{QkvlE�68K]<F4:.GK�o	.&V[9;�:HX.G9;.�K!<F.�U�M)|D.G/\� � M�.��RV[<14�0DM�MgU]�	.�/fpqM!/19]6DKAE=.{.�K:4A6DKAE=.�9e.�Kj<\��.G/JCf��.�E=<1VX|D.tCGc
�k�j�� �¡	¢b£'¤�¥ �!6b|)6:?:s�Qkv�?	-�.�/1V�68HXV[�t6)<FV[M!K�?�MDog��.tE�<R.=�:EJ4A6DK:0D.!?j4AV[0!4$��.G/1pqMD/F9]68KAEG.�E=MD9;�:7:<1VXK:0Ac

¦�§;¨G©kª3«�¬]­$®�¯�ª3¨�¬�©
�°4:.G/F.�6!C�/F.G9;M8<F.W�:/FM�EG.�Ug7A/1.lE�68HXH!6DKAU�/F.G9;M8<F.W9;.=<14AM�U�V[K�|!M�E�6)<FV[M!K&4	6b|D.W0!V[|!.GK3Ug.�|D.GHXMD��.G/JC�6�0DM�MgU�68oACf<1/J6DE=±

<1VXMDK�M8p�<F4:.&7:KAUg.�/1HX��V[K:0�<1/J68KAC1��MD/1<5H�6b�D.G/JCBpqM!/RE=HXV[.�K!<=²)C1.G/F|D.�/lE=M!9e9�7:K:V�EG68<1VXMDK�?�4:VX0D4���.G/1pqMD/F9]68KAEG.ZEGMD9;�:7g<FV[K:0
4A6!C3K:MD<e6DU:MD�g<F.�U�<14AM!C1.��:/FMD0!/F6D9e9;VXK:0�9;M�U:.GH�C�³�9;.tC1CF680!.]�A6DCFCfVXK:0�VXKj<1.�/fp´6!E=.�V�C�Cf<1VXH[H\�:/F.=pq.�/1/F.�U�³�9]6DV[K:HX�
o�.�EG6D7AC1.3M8p*<14A.���.G/1pqMD/F9;6DKAE=.��	.�KA68H[<���<F4:.G��C17gµ�.�/�pq/FMD9�cRv¶<�V�C&6DEJ��K:M)�RHX.�Ug0!.�U�<14A68<�<14A.�9]68VXK�Ug/J6b�RoA6DEJ��MDp
s{Qkv�VXC&V[<FC&V[KA.=��E=VX.GKAEG��pqMD/uMDo:��.�E�<�C1.G/FVX6DH[VX��68<1VXMDK�68K	U�Ug.G±¶C1.G/FVX6DH[VX��68<1VXMDK�cu�·H[MD<&MDp5Ug.G|!.GHXMD�:9;.�K!<JC�.G�gVXCf<Z<F4A6)<
VX9e�A/1M)|!.�<F4:VXC�Cf.�/1V�68HXV[�t6)<FV[M!K�9;.�EJ4A6DK:V�Cf9¸VXK$<14:.3EGMDKj<1.G��<aMDp'4AV[0!4���.G/1pqMD/F9]68KAEG.uEGMD9;�:7g<FV[KA0Ac
-�MD9;.$M8p�<F4:.G9¹E=MDK	CfV�C�<;VXKº6��R4:MDHX.�s{Qkv�/F.GVX9;�:HX.G9;.GKj<F68<1VXMDKT» � ? ¼:? �D½ c¾vwK¿<14:.tCf.kE�6DC1.�C�?*<14:.��:/FMDo:HX.G9ÀMDp

<14A.].=�:EJ4A68KA0D.;M8paMDog��.tE�<JCuM)|D.G/&<F4:.�K:.G<��5M!/1�k4A6!C&<1Mko�.�6DUAUg/1.tC1C1.�U�CfVX9�7AHP<J68K:.�MD7AC1H[���RVP<F4Á<14:.]�:/FMDoAH[.�9;CuMDp
UgV�C�<F/1VXo:7g<F.�U]0j68/FoA680!.\EGMDHXH[.tE�<FV[M!K�?!/F.G9;MD<1.R9;.=<F4:MgU]V[K�|!M�E�6)<FV[M!K�?)<14A/1.t6DU:Cl9;6DKA680!.G9;.GKj<t?8/1.�0DV�C�<F/F68<1VXMDK;9]68KA6D0D.G±
9;.GKj<�?�68K	U]CfM�M!K�cBÂZ7A/W�5M!/1�eE=M!KACfV�Cf<FCBVXK�Ug.=Ã	K:V[KA0�<14:.�K:M8<FV[M!K]M8p�.=�:EJ4A6DK:0D.aM8p�M!og��.�E=<FCW6!CWCfVX9;�:HX�e6!CW��M!CFCfVXo:HX.
<14A/1M!7:0D4]<F4:.�� � M�.&�Z@Wv�c � 4:V�Ca68HXH[M)�{ClMDK:.Z<1M;Cf��.�EGVPÃ�EG68HXHX��6DU:Ug/F.�CFCl<14:V�C\�:/1M!o:HX.G9¸C1.G�A6D/F68<1.GHX��pq/1M!9Ä<14:.uM8<F4:.G/
s{QkvaEJ4A6DH[HX.GK:0!.�C�c
Â�<14:.�/��\MD/F��CBÅ´MD/��	68/1<FC�MDpg�:/1.�|�V[M!7ACfHX��EGVP<F.�U��\MD/F�gCFÆ�6DUAUg/1.tC1C�MDK:HX��<F4:.lC1.G/FVX6DH[VX��68<1VXMDK&�:/FMDo:HX.G9TV[Ku<F4:.5EGMDKj<1.G��<

M8p
4:VX0D4]��.G/1pqMD/F9]68KAEG.aEGMD9;�:7g<FV[KA0�» � ? } ? Ç ½ c*�:/FMD9È6&<1.�EJ4AK:VXE�68H:��MDVXKj<WM8p�|�V[.���?8<F4:.G��0D.GKA.G/J68HXH[�3/F.GHX��» � ? })½ MDKe<14:.
68HX/F.�6DU:��Ug.=Ã	K:.�UÊÉ8ËAÌjÍAÎ)ÏAÉ8Ð�ÏjÑ�ÐgÏ:ÒDÏ�Ó:ÍjÔtÕ�68KAUÊÉ8ËAÌjÍAÎ)Ï
Öt×jÑ�ÐgÏ:Ò!ÏjÓ:Í�ÔtÕkE=H�6DCFCf.tCGc]��.�68/F0D7A.eVXKÊC1.�E�<FV[M!KÁ¼�<F4A6)<
<14A.�C1.&�Z@Wv�C\68/F.{H[M)�°HX.G|!.GH�MDK:.tCGc'�°4A68<\�\.��:/FMD��M!C1.�V�C\63K:.��Ø4:VX0D4�HX.G|!.GH
��@WvWU:.�UgV�EG68<1.�U�<1M�<14:.&.=�:EJ4A6DK:0D.{MDp
�j6b|b6�MDo:��.�E�<JCaV[K$<F4:.3E=M!K!<F.=��<RM8p*4:VX0D4$�	.�/fpqM!/19]68K	E=.�E=M!9e�A7g<1VXK:0Ac
� 4:.�/F.�Cf<�MDp{<14:V�C��A68��.G/eVXC�MD/F0!6DK:VX�G.�U¾6!C3pqM!H[HXM)�{C�c�vwK�C1.�E=<1VXMDK¿¼��5.$UgVXCFE=7	C1C��R4����\.�VXKj<1/FMgUg7AE=.$6�K:.��

��@lv�c���.uUg.�CFE=/FVXo	.�<14:V�Ca��@WvlV[K$Cf.tE�<1VXMDK } cB�B�gV�C�<FV[K:0�V[9;�:HX.G9;.�K!<J6)<FV[M!KAC56DKAU���.G/1pqMD/F9]68KAEG.�C568/F.��:/F.�C1.GKj<1.tU]VXK
C1.�E�<FV[M!K � c

Ù�§;ÚÛ©kÜZÝ Ú�Þ�¨
��.]K:.�.�U�68KÁ��@lv{<14	6)<368HXH[M)�{C&M!K:.e<1M�0D.G<�6DH[H'<F4:.]o	.�K:.=ÃA<FC�MDp\68K�.=��EGV[.�K!<�M!og��.�E=<u.G�:EJ4A68K:0!.�H�6b�D.�/Z<F4A6)<

EG6DK;o	.Z7ACf.tU�<1M3VX9;�:H[.�9;.GKj<563UgV�Cf<1/FV[o:7:<1.�U]6D�:�:HXVXE�6)<FV[M!KeM!/W9;MD/F.R0D.�K:.G/J68H�pq/J689;.G�\MD/F�gCBCf7	EJ4;6!Cls{Q�v�c!�:M!/B<14AVXC
ßJà=áfâ�áBáJãtäRáJåiå)à=áfâJáFæèç)áJé_ê�äRë{áJìhí�éAáJì_ê
îhì¶áJätêfë{áJìhí�éAï�ìAì_ê�ð�ñiéhîhê�ì_ê�ä\îhì¶áJäbê�ë{áJì_íGé:ïJòjó�ôbãRõuñiö�ì_ï�é´÷té´î_ê�ëRéfø�ùèãbö�ú:ñiã5îhûbê�ü�ãbñ îhê�ä{óGî_áFî_ê�é
áJãbäZïJî_ûbê�ì�öfï�ôtãGîhì_ñiê�é1úAý�ûbêWáJôtîhûbï�ìhé*áJì_ê'ñiãbäbê�þ8êfãtäbê�ãGî'ïJò
óGôbãuõuñiö�ì_ï�é´÷té´î_ê�ëRéføtùèãbö�ú



¼

�:7:/F��M!C1.D?�6��RV�Ug.GHX��7AC1.�U��Z@Wv{6DH[/F.�6!Ug��.G�gVXCf<FCZV[K��!6b|)6A^{É8ËAÌ�ÍAÎbÏ���É8ÐgÏ!Ñ�ÐgÏ��AÖ�×jÑ�ÐgÏ��8ÒDÏjÓ:ÍjÔbÕ�» ~b½ c���M)�5.�|D.�/��\.
o�.GHXV[.�|D.3<F4A6)<t?�V[K�<14:.;E=M!K!<F.=��<ZMDpW4:VX0D4���.G/1pqMD/F9]68KAEG.�E=M!9e�A7g<1VXK:0A?�6�K:.G� U:VXCf<1VXKAE�<���@lvapqMD/Z<14:.�.=�:EJ4A6DK:0D.3MDp
MDo:��.�E�<JCaVXC{K:.G.tUg.�U�c
��VX/JC�<t?�VP<�V�Cu6DEJ��K:M)�RHX.�Ug0!.�U�<F4A6)<3Cf<F68K	U:68/JU��j6b|)6�C1.G/FVX6DH[VX��68<1VXMDK�V�C&K:M8<�.=��EGV[.�K!<tc��	6DCf<1.G/uVX9;�:H[.�9;.GKj<F68<1VXMDKAC

4A6b|!.]o	.�.GKÊ�:/FMD��M!C1.�U°» � ³ �8½ c�Â�p�E=MD7A/FC1.D?'K:MDKA.�M8pR<F4:.G9Û/F.GHX��M!K�?*K:.GV[<14:.�/�/F.�C1��.�E�<t?'<14:.$�!6b|)6kC1.G/FVX6DH[VX��68<1VXMDK
C1�	.tE=V[Ã	EG68<1VXMDK�^&<1.tEJ4:K:V�EG6DH[HX��Cf��.�6D��V[K:0	?�MDKA.;E�68K�V[KA4:.G/FVP<�É8ËAÌ�Í:Î)ÏAÉ8ÐgÏ!Ñ�ÐgÏ:Ò!ÏjÓ:ÍjÔbÕ�68KAU�C�<FV[HXHWUg.�.G�:HX��o:/F.�6D��<14:.
E=M!9;�A6)<FV[o:VXHXVP<��e�RVP<F4]<14A.ZCf<F68K	U:68/JU]Cf.�/1V�68HXVX��6)<FV[M!K;�:/1MgEG.�CFCW6DCWp´68/56!CB<F4:.ZEGMD/F/1.tCf��MDKAU:V[K:0;É)ËAÌ�ÍAÎ)Ï�Öt×�Ñ�ÐgÏgÒ!Ï�Ó:Í�ÔtÕ
E=H�6DCFC{V�CZ�:/1M)|�V�Ug.�U�c��{M)�\.G|!.G/t?AHXMjM!��V[K:0�6)<�<F4:M!C1.�EGHX6!C1C1.�C�?	C1MD9;.�.GHX.G9;.GKj<FCZ/F.G9;V[K	Uk7AC�<14A68<�?
�R4:.GK�V[K:4A.G/FVP<FV[K:0
<14A.�C1.�E=H�6DCFCf.tCG?��\.]9]6b��ÅqM!/�4A6b|D.e<FMjÆ&/F.�C1�	.tE�<�<14A.�C�<J68KAU:6D/FU�C1.G/FVX6DH[VX��68<1VXMDK��A/1MgE=.tC1C�c��:M!/�V[K	C�<J68KAEG.D?�4AM)� <1M
Ug.t68H��RVP<F4]<14:.�	�
DÍ
��Ó��!Ï��:Î
���
�:ÍDÓ�
����)×¾Õ�Í!Ï��������R4:.GK��5.&UgM�K:MD<5/F.�C1�	.tE�<W<F4:.uC�<J68KAU:6D/FU;�A/1MD<1MgE=M!H:<1M�6DEJ4:VX.G|!.
.=��EGV[.�KAE=����Q�MD/F.GM)|D.�/�?!<14A.�C1.3E=H�6DCFCf.tCG?	É8ËAÌ�Í:Î)ÏAÉ8ÐgÏ!Ñ�ÐgÏ:Ò!ÏjÓ:Í�ÔtÕ]68KAU�É8ËAÌ�Í:Î)Ï
Öt×�ÑjÐgÏ:Ò!Ï�ÓgÍ�ÔtÕ�?)9;6b��.G|DM!H[|!.u�RVP<F4
<14A.]�:/1MD<1MgE=M!Hh?�6DKAU�<14:.���4A6b|D.;VXK�<F4:.]�A6!C�<tc;-�7	EJ4�.�|DM!H[7g<FV[M!KAC&9]6b�kH[.t6DU�<1M�V[K	E=MD9;�A68<1VXo:VXH[V[<1VX.�C��RV[<14�HX.G0!6!E=�
C17:og±wE=H�6DCFCf.tC��)c
-�.�EGMDKAU�?)�\.5EGMDKAC1V�Ug.G/�<14A68<WÉ8ËAÌ�Í:Î)Ï���É8Ð�ÏjÑ�ÐgÏ��:Öt×�ÑjÐ�Ï��8Ò!Ï!Ó:ÍjÔtÕ�V�C'6�H[M)�¾HX.G|!.GH���@lv�CfVXKAE=.5VP<BUgM�.�C�K:MD<'4:V�Ug.5<14:.

Cf<1/F.�689�9]68K	680D.�9;.GKj<�MDpAMDog��.tE�<*Cf.�/1V�68HXV[�t6)<FV[M!K�c�-�7AEJ4e6ZCf<1/F.�6D9�MD/FV[.�K!<F.�U3�Z@Wv�V�C'K:M8<*�5.�H[HgC17:V[<1.�U3pqMD/�<1/J68KAC1��MD/1<
H�6b�D.G/JCa<F4A6)<�UgM�KAM8<Z/F.GHX�$MDK�Cf<1/F.�6D9�o	6DC1.�U�4A6D/FUg�a68/F.�MD/&HXV[o:/J68/FVX.�C�» �:?�� ½ c&Â�p5EGMD7:/JC1.3MDK:.�EG68K�V[K:4A.G/FVP<Z³$68K	U
<14AVXCZVXC�<14A.�E=M!9;9eM!K�68�:�A/1Mj6DEJ4�³kÉ8ËAÌjÍAÎ)ÏAÉ8Ð�ÏjÑ�ÐgÏ:ÒDÏ�Ó:ÍjÔtÕ�68KAU�0DVX|D.36�oA/F6DKAU�K:.G��VX9;�:H[.�9;.GKj<F68<1VXMDKkpqM!/�K:M!K
Cf<1/F.�689 oA6!Cf.tU�4	68/JUg�\6D/1.!c$�l|D.�K¾VPp{�\.�o�.GHXV[.�|D.]<F4:VXC�VXC�7:K:KA68<17:/J68H\68KAUÁ.�/1/FMD/1±¶�:/1M!K:.D?�VP<eVXC�K:M8<;6�<1.tEJ4:K:V�EG68H
V�C1C17:.Dc � 4:.�/F.�6DH��:/FMDoAH[.�9¹V�C�<F4A6)<t?{VXKØMD/JUg.G/�<1M¿/1.tE=.GVX|D.�68K°MDo:��.�E�<t?{MDKA.�9�7	C�<$7ACf.�68K°VXKACf<F68K	E=.�MDp�<14:.
É8ËAÌjÍAÎ)Ï
Öt×jÑ�ÐgÏ:Ò!ÏjÓ:Í�ÔtÕ�EGHX6!C1Cu6DKAU�.tCf��.�EGVX6DH[HX��<14:.;Ó:Í�Ô��gÉ8ËAÌ�ÍAÎbÏ�9e.G<14:MgU�c � 4:V�CZVX9;�:HXV[.tC&<14A68<u6�<14:/F.�6!U�9�7AC�<
o�.]�\6DVP<FV[K:0$MDK�<14AVXC�oAH[MgEJ��V[KA0�9;.=<F4:MgU�pqMD/368K�MDo:��.�E�<u<FM$o�.;/1.tE=.�V[|!.�U�c � 4:V�Cu�:/1.�|D.�K!<JCuMDK:.�<1Mk0!.=<�o�.GK:.GÃ:<FC
pq/FMD9À7AC1V[KA0ÁC1��.�E=V�68HR6D/FEJ4:V[<1.tE�<F7:/1.tC�6DKAU	²)MD/;H[VXo:/J68/FV[.tC3<F4A6)<�6DH[HXM)��?BpqMD/;VXKACf<F68K	E=.D?5MDK:.G±¶C1V�Ug.�U�V[K:V[<1V�6)<FMD/]U:68<F6)±
<1/J68K	C�pq.�/FC3» � ½ c{�:M!/Z6DH[H�<14:.tCf.3/F.�6!CfM!KAC�?:�5.�E=H�68VX9�<F4A6)<u6]K:.G��K:M!K�Cf<1/F.�689 MD/FV[.�Kj<1.�Uk�Z@Wva4A6!CR<1M�o	.eUg.=ÃAKA.�U�c
ÂZK:.k9]6b�¿6D/10!7:.$<14A68<�s{Qkv]E=M!7:H�Uº6DH[/F.�6!Ug�Êo�.�VX9e�AH[.�9e.�Kj<1.�Uº<FMÁ<F6D�D.�6DU:|b6DKj<F680!.�M8puMDK:.G±¶C1VXU:.�UºV[KAVP<FVX68<1MD/
U:68<F6)±_<1/J68K	C�pq.�/FC�c! �.G|!.G/1<14:.�H[.tC1C�?�<14:V�CRVX9;�:H[VX.�CR<1M;/1.�V[9;�:HX.G9;.�K!<�s�Qkv5�R4	6)<�?AV[K$<17A/1K�68KAU�6!CRC�<J6)<1.tU$V[KkC1.�E�<FV[M!K
� ?�V[9;�:HXV[.tCu<1M�U:.�68HB�RV[<14¾6$HXM8<3M8p\M8<F4:.G/�4:VX0D4ÁHX.G|!.GHWEJ4A6DH[HX.GK:0!.�C&VXKAC�<F.�6!U�MDp���7ACf<�pqMgE=7AC1VXK:0�MDK�<14:.].G�:EJ4A68K:0!.
M8pBM!og��.�E=<FC�^\UgV�Cf<1/FV[o:7:<1.�U�0!68/FoA6D0D.�E=M!H[HX.�E=<1VXMDK�?	9e.G<14:MgUkVXK�|DMgEG68<1VXMDK�?A/1.�0DV�C�<F/F68<1VXMDK�9]68KA6D0D.G9;.�K!<t?A.G<FE8c � 4AVXC�VXC
�R4���68K�M!og��.�E=<a.G�:EJ4A68K:0!.ZM!/1VX.GKj<F.�U$��@Wv54A6DC\<FM]o	.3U:.=ÃAK:.tU�?:VXKAUg.��	.�KAUg.GKj<FH[��M8pBs{Qkv�c
� 4:.u�:/1M!o:HX.G9 M8p'Ug.=ÃAKAV[K:0]6!U:68�g<F.�U���@Wv�C5pqM!/5<F4:.u.�6!Cf�]/F.G�:H�6DEG.G9;.GKj<aM8p�<F4:.&<1/J68KAC1��MD/1<\H�6b�D.�/5M!/5MDp�<14A.uC1.=±

/FVX6DH[VX��68<1VXMDK;�:/FM�EG.�CFCB4A6!CW68HX/1.t6DUg��o	.�.GK�6!U:Ug/F.�CFCf.tU�c!��M)�5.�|D.�/�?8V[<l0!.GK:.�/F6DH[HX��HX.�6!U:C*<1M�68K]7:KgpqM!/f<F7:KA68<1.�UgVX|�VXU:V[K:0
HXV[K:.]o�.=<��\.G.�K�<14:.�C1.G/FV�68HXV[�t6)<1VXMDK��:/FM�EG.�CFC�68KAU�<F4:.;<1/J68KAC1��MD/1<uH�6b�D.�/�c]�AMD/3VXKACf<F68K	E=.]VXK#"�6!s{Qkve» �G½ 6$K:M8<FV[M!K
M8p%$'&)()*�+-,/.0,21�3�VXC{U:.=ÃAK:.tU�c � 4:.�C1.G/FVX6DH[VX��68<1VXMDK�V�CR��.G/1pqMD/F9;.�U�oj�4"�6Ds{Qkv568KAU�<14A.�/1.tCf7:H[<RM8p�<14:V�C{C1.G/FVX6DH[VX��68<1VXMDK
V�C�C1.GKj<�7AC1V[KA0�6]0DVX|D.�K$<1/J68KAC1�	M!/f<5$'&)()*�+�,�.0,21�3)c�� K:.G�6$7&)(2*�+�,/.8,�1
3$E�68Kko�.�Ug.GÃAK:.�Uk<1M�.�K:4A68K	E=.�<F4:.�K:.G<��5M!/1�
<1/J68K	C�pq.�/�M!/�<FMZ�:/FM)|�VXU:.56ZK:.G�¾<�����.5MDpAK:.G<��5M!/1��C17:�:��MD/1<�c9��M)�5.�|D.�/�?bVXK�C1MD9;.lVX9;�:/1M)|!.G9;.GKj<*68�:�:/FM!6!EJ4:.�C5» } ? Ç ½ ?
<14A.�U:68<F6;<FM�o	.�<1/J68KACfpq.G/F/F.�U$9]6b�$Ug.��	.�KAUkM!K�<14:.�/1.�9eMD<1.)²bHXM�E�68H��!YZQ 68KAU	²)MD/RM!Kk<14:.�6b|b6DV[H�68oAH[.�EGMD9;9�7AK:VP±
EG68<1VXMDK$9;.�EJ4A6DK:VXC19]CG^'pqM!/RV[KACf<F6DKAE=.u<F4:.�6DCFCf7A9e�:<1VXMDK$<14A68<a<14:.u<��\M]E=MD9;9�7:K:V�EG6)<FV[KA0;EGMD9;�:7g<F.G/JCR68/F.u/17:KAK:V[KA0
C1V[9;VXHX6D/��!YZQ�Ce68HXH[M)�{C3<1M�UgV[/F.�E=<1HX��C1.GK	U¾9;.G9;MD/F��/F.G0!V[M!KAC�c�v¶<�9]6b�¾68H�CfM�o	.�<14:.$EG6DC1.]<F4A6)<e<14:.�<1/J68KAC1��MD/1<
H�6b�D.G/a9]68�!.�C\V[<{�	MjC1C1V[oAH[.uK:MD<R<1M;o:7gµ
.G/R<F4:.3U:68<F6�<1M;o�.u<1/J68KACfpq.G/F/1.tU�c'vwK�C17AEJ4�6;EG6DC1.D?:C1.G�	68/J6)<1VXK:0�<14:.3C1.G/FV�68H[±
VX��6)<FV[M!K��:/FMgE=.tC1Clpq/1M!9 <14A.�<F/F6DKACf��MD/1<a�:/1MgEG.�CFCl�:/F.G|!.GKj<FC\M!K:.�pq/FMD9 �A/1M)|�V�UgV[KA0�VX9e�A/1M)|!.G9;.GKj<FC5oA6!Cf.tU�MDK�<14:.tCf.
EJ4A6D/F6!E�<1.�/1V�Cf<1V�EGC�c � 4:V�CaV�CR�R4����5.uo�.GHXV[.�|D.u<F4A6)<a<14AVXC{C1.G�	68/J6)<1VXMDK�VXC�E=7:9�o	.�/FC1MD9;.Dc

:�§5;�ª�¬�Ü ¥ ª=<kÜÄÚ�Þ�¨
�:/FMD9Ä<14A.Z�:/F.G|�VXMD7AC5MDo	Cf.�/1|)6)<FV[M!KAC�?!�\.ZUg.GÃAK:.tU�6�CfVX9;�:H[.u��M)�5.�/fpq7AH��Z@Wv�^g� � M�.Dc*v¶<aVXC\9]68VXK:HX��E=MD9;��M!C1.�U]MDp

<��\M&VXKj<1.�/fp´6!E=.�C�^?>����gÍ�68K	UA@��DÑ�B�C���
)Ï:ÍD×:Í!ÓeÅ´C1.G.R�:/FMD0!/F6D9 � Æ=c��°4:.�K]MDK:.R�a68Kj<JC'<1M3C1.GKAU;6�E=M!���3M8p�68K;MDo:��.�E�<
<1M36u/F.G9;MD<1.RK:MgUg.!?D4:.R4A6!C*<1M�0!.=<B<F4:.D>�����Í�MDog��.tE�<2Ea/F.G�A/1.tCf.�K!<FV[KA0Z<F4:.{K:MgUg.R4A.R�\6DK!<JC*<1M3EGMD9;9�7AK:VXE�6)<F.R�RVP<F4
68K	U$<14:.�K�V[K�|!MD�D.u<F4:.�Î
�DÑ�B�9;.=<F4:MgUk�A6DCFC1V[K:0�VP<{<F4:.�M!og��.�E=<{<1M�Cf.�KAU�6DCZ68K�6D/10!7:9;.GKj<�c�ÂZK�<14A.�C1.G/F|D.G/{C1V�Ug.D?
<14A.&� � M�.ZHX6b�!.G/l�RVXHXH�VXKgpqM!/19Ä<F4:.&6D�:�:HXVXE�6)<FV[M!K�?!o��]9;.�6DKAC5M8p�6eEG68HXH[±_oA6!EJ��9;.tEJ4A68K:V�C19$?!<14	6)<R6�K:.��°MDog��.tE�<a4A6DC
68/F/FV[|!.�U�7	CfVXK:0;<14A.;Î��DÑ��8Í���9;.G<14:MgU�M8p�<14:.5@��DÑ�B�C��F
)Ï:ÍD×AÍDÓ�V[Kj<F.G/1p´6DE=.!c � 4:.36DE=<1VXMDK�M8p*E=MD����VXK:0]68K�MDog��.tE�<a<1M
6�/1.�9eMD<1.eK:MgUg.eVXCu6�MDK:.G±¶C1VXU:.�U�6!E�<FV[M!K�c= {M$7AC1.G/&<14:/F.�6!U�4A6!C{<FM��\6DVP<&pqMD/u68K�MDog��.tE�<&<1M�o	.e/F.�E=.�V[|!.�U�c � 4AVXC
V�C\<14:.�/F.�C1�	M!KAC1V[o:VXHXVP<��]MDp�<14A.�V[9;�:HX.G9;.GKj<J6)<1VXMDK�<1M]6!EGE=.��g<{68KAU�/F.�E=.�V[|!.&6DK���K:.G� MDog��.tE�<{68K	U�<F4:.GKkC1V[0!KA68H�<14AVXC
G ý�ûbêaç8ê�éhîlê7HbáJëRþtåiêaç8êfñiãtðZîhûbêJILKNMPOLQLR�SUTVQUW�OUR2XLQ)KVKNMPYLQ�ëRêwîhûbï�ä�î_ûbáFî\áJåiåiï[Z�éBï�ãbêaî_ï&äbê7\)ãbê{áZãtêPZÊéhê�ì_ñdáJåiñ^]fáFî_ñiï�ã�þbìhï�ö�ê�é_éfúRù�î
ï�ãbå ÷�ê7Htñié´î_é�é_ñiãtöfê�_´äbía`�ú btú
c ý�ûbê{þbì_ï�çtåiêfëTïJò'ìhê�îhì_ñiêwâ�ñiãbð3áadUe2YLQ�ñié5ãtïJîaë{áJã)áJð�ê�ä]ç=÷;à�ýgïGêZéhñiãbö�ê�ñ î5ñié\ãtïJîRá&îhì¶áJãbé´òXê�ìlïJò'ï�çf_hê�öwîaþbìhï�çbåiê�ë�çbôtî\ëRï�ì_ê{á
ì_ê�ð�ñié´î_ì´÷{ï�ãbê�ú�g'ê�ãbê�ì¶áJåjã)áJëRñiãbð\éhê�ìhâ�ñiöfê�é�ë{áf÷{ç8êBôbéhêfäZé_ôbö_ûuáJé�àUh9i'ùkj l2mèú



}

Þ ¢)¡��	¢���� ¦ � 4:.�� � M�.u�Z@Wv
Ñ�Ð�Ë����jÎ �t×gÏgÍ!Ó��gÔAÎ8Í >����gÍ	�


 ���/��Î
�DÑ�B��FÒ�Í!Ó-�8Ô������gÔDË��jÍ �DËAÌ�ÍAÎbÏ-�¾Ï��gÓ��
�-
�������Í�����ÎDÍDÑ�Ï-���D×��
�

Ñ�Ð�Ë����jÎ �t×gÏgÍ!Ó��gÔAÎ8Í @��DÑ�B�C���
)Ï:Í8×AÍ!Ó��

 ���/��Î
�DÑ��8ÍF� �JÒ�Í!Ó��8Ô�������ÔDË��jÍ �DË:Ì�ÍAÎ)Ï-���

�

68/F/FV[|)68H	<1Me<F4:.�68�:�:HXV�EG6)<FV[M!K�7AC1VXK:0e6DK�.�|D.GKj<{Ug/FV[|!.GK��:/1M!0D/J689;9;V[KA039;M�U:.GH
<14A/1M!7:0D4 @��DÑ�B�C��F
)Ï:ÍD×AÍDÓ��JÎ
�DÑ��8ÍF�	c
� 4:VXCZ68�:�A/1Mj6DEJ4$VXC�K:M8<�M!K:HX��.�6!Cf��<1M�7AKAUg.G/JCf<F68K	U$6DKAU$<1M�7ACf.!?Ao:7:<&68H�C1M;6DH[HXM)�{Ca<FM�/1.t68HXH[��<F6D�D.36DU:|b6DKj<F680!.

M8pRM!K:.=±wCfV�Ug.tU�EGMD9;9�7:KAVXE�6)<1VXMDKÁHXV[oA/F6D/1VX.�C�» � ½ c�Q�MD/F.GM)|D.�/�?�6DC3C14:M)�RKÁV[KÁÃ	0D7:/F. � ?�<14:.�/1.�V�C�K:M�H[VX9;VP<J6)<1VXMDKÁM!K
<14A.��a6b��<F4:. >����gÍ¾VXK!<F.G/1p´6DEG.�EG6DK°o	.�V[9;�:HX.G9;.�K!<F.�U�c � 4:.�Î��DÑ�B�9;.G<14:MgU°V�C�/F.�C1��MDKAC1V[oAH[.kpqM!/�<F4:.��R4AMDHX.
�:/FMgE=.�CFCZM8p\EGMD����V[KA0�68K�MDog��.tE�<u<1M�68KAM8<14A.G/�6DU:U:/1.tC1C&Cf�	6DE=.�<14	6)<uVXC�^�<F4:.]E=M!KAC�<F/17	E�<1VXMDK�M8pl<F4:.]U:6)<J6�<FM$C1.GK	U
Å´C1.G/FV�68HXV[�t6)<1VXMDK�Æ�6DKAU3<F4:.a<1/J68K	C�pq.�/'MDp	<F4:.�C1.RU:6)<J6Z<14:/FMD7:0!4e6�<1/J68K	Cf��MD/1<BHX6b�!.G/tc � 4:V�C*�\6b�!?8K:M�68/1<1V[Ã	E=V�68HgUgVX|�VXU:V[K:0
HXV[K:.Zo	.G<��5.�.GK;<F4:.�C1.G/FVX6DH[VX��68<1VXMDK;�:/FM�EG.�CFCW68K	Ue<14:.�<1/J68KAC1�	M!/f<WH�6b�D.�/WV�CWVXK!<F/1MgUg7	E=.�U�c'��.�EGHX6DV[9·<14A68<l<F4:VXC\68HXHXM)�{C
68K���C1.G/FV�68HXV[�t6)<1VXMDK�V[9;�:/FM)|D.�9;.GKj<a6D�:�:/FM!6!EJ4�<1M;o�.�V[9;�:HX.G9;.�K!<F.�U�c

System

JVM

Application

Node

copy(o) copied(o)

Application

JVM

System

�'V[0!7:/F. � cWI&.GK:.�/F6DH�� � M�.&o�.G4	6b|jVXMD/tc

��§5;�ª�¬�Ü ¨�� Þ �5Ü!� Ü&©kª\Ú&ª�¨�¬]©#"
��.]4A6b|!.�6DH[/F.�6!Ug��Ug.G|!.GHXMD��.�U�<14:/F.G.;VX9;�:H[.�9;.GKj<F68<1VXMDKACuMDp\� � M�.�» �t�)½ c � �\M�MDpl<F4:.G9 68/F.�<FM8<F6DH[HX���R/FVP<1<1.�K

VXK��!6b|)6A?AMDKA.3/1.�H[��VXK:0]MDK��j6b|)6�s{Qkv�?	<14A.3M8<F4:.G/Z7ACfVXK:0 � 2\@ØCfMgEJ�!.=<FC�68KAU$<F4:.�Cf<F6DKAU:68/JUk�j6b|b6]C1.G/FV�68HXV[�t6)<1VXMDK�c
� 4:.tCf.k68HXHXM)� 68K���� � Mj.k6D�:�:HXVXE�6)<1VXMDK¿<1M¾o�. ���!�%$ �j6b|)6�EGMD9;�A68<1VXo:H[.k6DKAUº�	M!/f<J68o:HX.Dc � 4:.��¿68H�C1M�C1.G/F|D.k6DC
/F.=pq.G/F.GK	E=.uV[9;�:HX.G9;.�K!<J6)<FV[M!KAC\pqMD/R/F.G0!/1.tC1C1V[M!K]<1.tC�<JCGc
� 4:.3<F4:V[/JU�V�CZ6��!YZQ H[.�|D.GH�V[9;�:HX.G9;.�K!<J6)<FV[M!K�?	V_c .Dc
6)<Z6�H[.�|D.GH��R4:.G/F.3�\.�EG6DK�UgVX/1.tE�<1HX�k6DE�E=.�CFCa<F4:.�9;.G9;M!/1�

/F.G�:/F.�C1.GKj<F68<1VXMDK�M8paMDog��.tE�<JCGc � 4:.�0DMj68HBMDp5<F4:VXC�V[9;�:HX.G9;.�K!<J6)<FV[M!K¾M8pR� � M�.]VXCu<FM��:/FM)|�VXUg.;4:VX0D4Á��.G/1pqMD/F9]68KAEG.
VXK E=HX7ACf<1.G/JC]MDp34:MD9;MD0!.GK:.�MD7AC]EGMD9;�:7g<F.G/JC�6DKAU 4:MD9;M!0D.GKA.GMD7	C��DY&Q�C�o�� UgVX/1.tE�<1HX� Cf.�KAUgVXK:0Ê9;.G9;MD/F� U:6)<J6
VXKAC�<F.�6!U�MDp50!MDVXK:0$<14:/FMD7:0!4�<F4:.�C1.G/FVX6DH[VX��68<1VXMDK��A/1MgE=.tC1C�c � 4:V�CuV[9;�:HX.G9;.�K!<J6)<FV[M!K�7	Cf.tCu<14:.��!VX�D.�CFs�Y&Q |�VX/f<F7A68H
9]6DEJ4:VXK:.�» ���8½ c��!V[�!.�CFs�YZQ 6DH[HXM)�{C�?*6D9;MDK:0�MD<14:.�/�<F4:VXK:0!C�?*<1M�UgV[/F.�E=<1HX�¾6DEGEG.�CFC39;.G9;M!/1�Á68KAUÊV[Kj<1.�/F6!E�<e�RVP<F4
<14A.e0j68/FoA680!.�EGMDHXH[.tE�<1M!/&pq/1M!9 �!6b|)6�E=MgUg.Dcev¶<3V�C�68K�VXKj<1.�/1.tC�<FV[K:0�.G����.G/FVX9e.�Kj<F6)<FV[M!K��:H�6)<1pqMD/F9 68K	U�6DH[HXM)�5.tUk7AC
<1M�V[9;�:HX.G9;.GKj<]6k�:/FM8<FM8<����	.]VXK�6k/F.�6!CfM!KA68oAH[.;<FV[9;.Dc�vwK¾<14:V�C�V[9;�:HX.G9;.GKj<J6)<1VXMDK¾M!7:/�EGMDKAEG.G/FK¾VXC3<1M��	.�/fpqM!/19



�

 0

 20

 40

 60

 80

 100

 120

 0  200  400  600  800  1000

A
ve

ra
ge

 ti
m

e 
in

 m
s 

of
 o

ne
 p

in
g-

po
ng

size of the TreeSet

RVM_RVM
TCP_RVM
TCP_SUN
TCP_IBM

� á����	ñiãbðJæèþ8ï�ãbð%Z�ñ îhû&ýgìhêfê1ó�êwîhé1ú

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 0  200  400  600  800  1000

A
ve

ra
ge

 ti
m

e 
in

 m
s 

of
 o

ne
 p

in
g-

po
ng

size of the Vector

RVM_RVM
TCP_RVM
TCP_SUN
TCP_IBM

� ç�����ñiãtðJæèþ8ï�ãbð%Z�ñ î_û���ê�öwîhï�ì_é1ú

 0

 20

 40

 60

 80

 100

 120

 0  20000  40000  60000  80000  100000

A
ve

ra
ge

 ti
m

e 
in

 m
s 

of
 o

ne
 p

in
g-

po
ng

size of the array

RVM_RVM
TCP_RVM
TCP_SUN
TCP_IBM

� ö	����ñiãtðJæèþ8ï�ãbð%Z�ñ î_ûZáJì_ì_áf÷�é�ïJò:ñiã=îhé1ú

 0

 50

 100

 150

 200

 250

 300

 0  20000  40000  60000  80000  100000

A
ve

ra
ge

 ti
m

e 
in

 m
s 

of
 o

ne
 p

in
g-

po
ng

size of the array

RVM_RVM
TCP_RVM
TCP_SUN
TCP_IBM

� ä�����ñiãbðJæèþ8ï�ãbð Z�ñ îhûuáJìhì¶á�÷té�ïJò:äbï�ôbçtåiêféfú

�'V[0!7:/F.�¼:cB@WVXK:08±¶�	M!K:0;�	.�/fpqM!/19]6DKAE=.tCGc

.=��EGV[.�K!<FH[�]6DKAU;V[Kj<F.G/J6DE�<5�5.�H[H��RVP<F4]<14A.�0!6D/1o	680D.{EGMDHXH[.tE�<FMD/tc'�!V[�!.�CFs�Y&Q Cf7:�A�	M!/f<JCW|)68/FV[M!7ACB0j68/FoA680!.{E=MDHXHX.�E�<FV[M!K
��MDHXVXEGV[.tCGcW@B6D/f<JC5MDp�M!7:/RV[9;�:HX.G9;.�K!<J6)<FV[M!K�6D/1.&0!6D/1o	680D.&E=M!H[HX.�E=<1MD/{U:.G��.GKAUg.�Kj<�c
� 4:VXC{V[9;�:HX.G9;.GKj<J6)<1VXMDKk9]6DV[K:HX��o�.G4	6b|D.�CR6!CapqMDHXHXM)��^B�R4:.GK�6DK$M!og��.�E=<{VXC{o	.�V[K:0�EGMD�:VX.�U�?g<14:.�E=MD/F/F.�C1�	M!KAUgVXK:0

0D/J68�A4eMDp�MDog��.tE�<JCWV�C5EGMD9;�:7g<F.�U�c � 4:.�K]<14:.&U:6)<J6�M8p
<F4:.�M!og��.�E=<FCWMDp�<14:.Z0D/J68�:4]6D/1.�C1.GKj<\�RVP<F4��G.�/1M3EGMD����
8clÂZK
<14A.]/1.tE=.GVX|D.�/�CfV�Ug.D?�9e.�9;MD/F��VXC�6DH[HXMgEG68<1.�U�VXK�6$0!6D/1o	680D.;E=M!H[HX.�E=<1M!/uU:.G��.GKAUg.�Kj<�Cf�A6!E=.�³�9]68VXK:H[��<14:.]K�7:/JCf.�/1�
³�6DKAU�U:68<F6�68/F.�UgVX/1.tE�<1HX���R/1V[<f<F.GK�V[Kj<1M�<14:V�C&68/F.�6:c � 4:.���MDVXKj<1.�/FC&68/F.�<14A.GK�7A��U:68<1.tUk<1M�/1.G�A.�E=<�<F4:.�M!/1VX0DVXKA6DH
Cf<1/F7AE�<F7:/1.!c
��VX0D7A/1.�¼�C14:M)�{Cu<F4:.���.G/1pqMD/F9]68KAEG.�C�MDpa<14:.$�DVX�D.tC1s�YZQ Cf��.�EGVPÃ�E]V[9;�:HX.G9;.�K!<J6)<FV[M!K¾M8p�� � M�.�E=M!9;�A68/F.�U�<1M

<14A. ���!�%$ �!6b|)6;VX9e�AH[.�9e.�Kj<F6)<FV[M!K�c�L\M8<F4�68/F.37AC1V[KA0 � 2\@Ø6DC{<14:.�V[/&E=M!9e9�7:K:V�EG68<1VXMDKkH�6b�D.G/tc � 4:.�|)6DH[7:.tC{/F.G�g±
/F.�C1.GKj<1.tU�o���<14:.�EG7:/F|D.�CR6D/1.&<F4:.�6b|D.�/F6D0D.Z<1VX9;.3M8p*MDK:.�/FMD7AKAU�±_<1/FV[�$pqMD/{<14:.3C1�	.tE=V[ÃA.�U�M!og��.�E=<{V[K�6;�AV[K:0D±_��MDKA0
HXV[�!.u6D�:�:HXVXE�6)<FV[M!K�c � 4:.
����� ������E=7A/1|!.uC14:M)�{C\<F4:.��	.�/fpqM!/19]6DKAE=.tC5MDp�<F4:.3�!V[�!.�CFs�YZQ Ug.tUgVXE�6)<F.�U�� � M�.uV[9;�:HX.=±
9;.GKj<F68<1VXMDK��R4A.GK�/F7:K��RV[<14$�DVX�D.tC1s�YZQ ³eKAM8<1.�<14A68<5V[<\E�68K:K:MD<5o�.Z/F7:K]�RV[<14$68K:MD<14:.�/5�!YZQ¾c � 4:. � 2\@ s�Y&Q

�	� ûbê�ãaZ�êlî_áJåií�áJç8ï�ôtî ]�ê�ì_ï{ö�ï�þ=÷�Z�êlëRêfáJãuî_û)áFî*ï�ôbì'ö�ïGäbê\äbïGê�é*ãbïJîBþ8ê�ìhò[ï�ì_ë áJãG÷&öfï�þ=÷�êwâ=ê�ã�ñ ò	îhûbê\áJö�îhô)áJåAö�ï�ëRë\ôbãbñiöfáFîhñiï�ã
ådáf÷=ê�ì�Z�ñiåiå!éhñiãbö�ê!Z�ê*ìhê�å ÷{ï�ãZý����Aú � êBöfådáJñië¾îhû)áFî�òXôtîhôbìhê*ì_ê�åiêfáJé_ê!Z�ñ îhû ]�ê�ì_ï\öfï�þ=÷�ö�ï�ëRë\ôbãbñiöfáFîhñiï�ã{ådáf÷=ê�ì�Z�ñiåiå!áJöwî_ôbáJåiå ÷&áJö_ûbñiêwâ=ê
ì_êfáJåF]fê�ìhïaö�ï�þG÷=ú



~

E=7A/1|!.�C14:M)�{C�<14:.$�	.�/fpqM!/19]6DKAE=.tC�MDp�<14A. �t�D�%$ �j6b|)6�VX9e�AH[.�9e.�Kj<F6)<FV[M!K¿MDpZ� � M�.$/17:KAK:V[KA0��RV[<14 �DVX�D.tC1s�YZQ¾c
� 4:. � 2\@ -gz� ·68KAU � 2\@ v�L\QÀEG7:/F|D.�C�68/F.�pqMD/�<14:.�CF689;.3VX9;�:HX.G9;.GKj<F68<1VXMDKk/F7:K:K:VXK:0�M!K�?�/1.tCf��.�E=<1VX|D.GHX�D?A<14:.
-�7:K��!6b|)6]|�VX/f<F7A68H*9]6DEJ4AV[K:.�|D.�/FC1V[M!K � c � c � �:� ±_o �A� 68K	U�<14:.;v�LaQ �j6b|)6]|�V[/1<17A6DH*9;6!EJ4:VXK:.�|!.G/JCfVXMDK � c � c � c&��H[H
<14A.3.=�g��.G/FV[9;.GKj<J6)<1VXMDK	Ca�5.�/1.�UgM!K:.37AC1V[KA0;<��5M r VXK�7g��¼:c � c ��� E=MD9;�:7:<1.G/JCa�RV[<14kvwKj<1.�H � c��8Ia���u�:/1MgEG.�CFCfM!/FCa68K	U
~g� ¼8Q�L MDp*s���QÛE=M!K:K:.�E=<1.tU��RV[<14�.=<F4:.G/FK:.G< ���D� Qko:�AC�c
��.;EG6DK�Cf.�.3<F4A6)<t?�0!.GK:.�/F6DH[HX��Cf��.�6D�jVXK:0	?��!V[�!.�CFs�Y&Q UgM�.�CZK:M8<&�	.�/fpqM!/19 6!C��\.GHXH'6!C{<F4:.3<��\M�MD<14:.�/Z|�VX/f<F7A68H

9]6DEJ4:VXK:.tC]pqMD/�MD7:/��:VXK:08±¶�	M!K:0Ê68�A�:H[V�EG68<1VXMDK�c ��M)�5.�|D.�/�?\pqMD/�<14:.��:VXK:08±¶�	M!K:0¾M8p3|!.�E=<1MD/JC�?\�\.�C1.G.k<F4A6)<$MD7:/
�!V[�!.�CFs�YZQ Cf��.�EGVPÃ	E�� � M�.�VX9;�:H[.�9;.GKj<F68<1VXMDK�M!7g<1��.G/1pqMD/F9]C{<F4:. �t�D��$ �j6b|)6]MDK:.�o�� }!�%$ <1M �!��$ �R4:.�K�o�M8<F4
68/F.�/F7:K:KAV[K:0eMDK$�DVX�D.tC1s�YZQ¾c � 4:V�C\VXCR6�/F.�68HXHX�e�A/1M!9eV�C1V[K:0�/1.tCf7AHP<RCfVXKAEG.&V[<R68HXH[M)�{C5MDK:.Z<1M�<14AV[K:��<14A68<\<F4:.�C16D9;.
C1MD/1<3M8pa.GK:4A6DKAE=.�9;.GKj<�9]6b��HX.�6!U�<FM�CF689;.]�	.�/fpqM!/19]6DKAE=.].�K:4A68K	E=.G9;.�K!<3�RV[<14Á<F4:.�MD<14:.�/3|�V[/1<17	68HW9]6DEJ4AV[K:.tCGc
�:M!/�<14A.;<1/F.G.�C1.=<JCG?�MD7:/�V[9;�:HX.G9;.GKj<J6)<1VXMDK¾UgM�.tC�K:M8<30!V[|!.]V[Kj<F.G/F.�Cf<1VXK:0�/1.tCf7:H[<FC�?�V[<���.G/1pqMD/F9]C�.G|!.GK��5M!/FC1.e<14A6DK
<14A.�Ug.=p´6D7:HP<$Cf.�/1V�68HXV[�t6)<FV[M!K�c°��E�<F7A68HXHX��MD7A/�E=MgUg.k��.G/1pqMD/F9;C]6ÁC17:o�MD�g<FV[9]68H�0D/J68�:4ºo:/FM)�{CfVXK:0�<1MÊE=M!H[HX.�E=<]<14:.
MDo:��.�E�<JC&<1M�Cf.�KAU��R4:.G/F.e<14:.]6DU:4:MgEeC1.G/FV�68HXV[�t6)<1VXMDK�M8pl<F4:.�Ì�Ô 
 Ô �¶ÐgÏ��
� � ��ÓgÍ�Í�Ò�Í!Ï;EGHX6!C1CuUgVX/F.�E�<FH[��68KAU�H[VXK:.t68/FH[�
�R/FVP<F.�C�<14:.�MDog��.tE�<FC�V[<eE=M!Kj<F68VXKAC�c���.�EGHX6DV[9 <14	6)<�<F4:V�C�V�C�<14:.�/1.t6DC1MDK¾M8pR<F4:V�C���M�MD/e�	.�/fpqM!/19]68K	E=.Dc��:7g<F7:/1.
/F.GHX.�6DC1.�C5M8p*� � M�.&pqMD/R�DVX�D.tC1s�YZQ �RV[HXH�V[9;�:/FM)|D.Z<14A.&0!/F6D�:4�oA/1M)�{C1V[KA0�68HX0DM!/1V[<14A9 oj��9;6D/1��VXK:0e|jV�C1VP<F.�U�MDog��.tE�<FC
�RV[<14��!V[�!.�CFs�Y&QÀCf��.�EGVPÃ	E3<1.tEJ4:K:V�x!7A.�C�c��'V[KA6DH[HX��pqMD/u68/F/F6b�gCaM8pBVXKj<&68K	U�UgMD7Ao:H[.!?	M!7:/�VX9;�:HX.G9;.GKj<F68<1VXMDKk<FM8<J68HXH[�
MD7:<1��.G/1pqMD/F9;C'<F4:.{Cf<F68K	U:68/JU�C1.G/FV�68HXV[�t6)<1VXMDK�MDK]�!V[�!.�CFs�YZQÊc � 4:.R/1M!7:KAU�±_<1/FVX��<FV[9;.�Cl68/F.aEGH[MjCf.\<FMu<14:MjCf.aMDo:<F68VXK:.tU
�RV[<14$<14:.�-g7:K�MD/av�LaQ |�VX/f<F7A68H�9]6DEJ4AV[K:.�Ug.tCf�AVP<F.u<14:.���M�MD/a�	.�/fpqM!/19]6DKAE=.tCaM8p'�!VX�D.�CFs�Y&Q¾c � 4:V�CR68HXH[M)� MDK:.&<1M
<14AV[K:��<14A68<�CfVX9;V[H�68/FHX�kMD�g<FV[9;VX�G.�U�VX9;�:H[.�9;.GKj<F68<1VXMDKACuMDpa� � M�.epqMD/u<F4:.�-�7:KÁM!/&v�LaQ |�V[/1<17	68HB9]6DEJ4:VXK:.;�\MD7:H�U
HX.�6DU�<1M�EGMD9;�A6D/F6Do:H[.&VX9e�A/1M)|!.G9;.GKj<FC�c
� 4:.3V�C1C17:.3MDp'p´6!C�<�<1/J68KACfpq.G/ZM8pBMDog��.tE�<JCR4A6DCZ68HX/1.t6DUg��o	.�.GK�6!U:Ug/F.�CFCf.tU�VXK�MD<14:.�/{�5M!/1�gC�c\�W�g�:/1.tC1C1Mk» �!�=½ VXCZ6

pq/J689;.G�\MD/F�e6DV[9;.tU�68<5<F/F6DKAC�pq.�/1/FVXK:0��j6b|)63MDo:��.�E�<JC\.=��E=VX.GKj<1HX�]7AC1V[KA0���.G/FM�E=M!���]9e.tEJ4A68KAVXC19]CGcB�B�g�:/F.�CFC1M3/1.�H[VX.�C
MDK�<14:.a"�6)µ
.;» � ¼ ½ |jVX/1<17A6DH	9]6DEJ4AV[K:.!cB�B�g�:/F.�CFCfM37	Cf.tCl<F4:.&K:M8<FV[M!K�M8p'E=HX7AC�<F.G/\<1Me6b|DM!VXU]0!/F6D�:4�.G���AH[M!/F68<1VXMDK�68K	U
��MDVXK!<F.G/&7:�
U:6)<F.Dc��·EGH[7	C�<F.G/&VXC&6�EGMDKj<1VX0D7:M!7ACZ9e.�9;MD/F�$6D/1.t6]�R4:.G/F.�M!og��.�E=<FC&EG6DK�o	.;68HXHXM�E�6)<F.�U�c � M�<1/J68KACfpq.G/
68K�MDog��.tE�<Z<1M�6�/F.G9;M8<F.�K:MgUg.!?�MDK:.e6DE=<17A6DH[HX��<1/J68KACfpq.G/JCR<F4:.]E=HX7ACf<1.G/uE=M!Kj<F68VXK:VXK:0�<F4A6)<uMDo:��.�E�<tc3�{HXH'<14:.;M8<F4:.G/
MDo:��.�E�<JC;V[Kº<F4:.�E=HX7ACf<1.G/�6D/1.�68H�C1M�<F/F6DKACfpq.G/F.�U�cº�°VP<F4Ø�B�g�:/F.�CFCfM	?WMDo:��.�E�<JC;9�7ACf<�.=�g�:HXV�E=V[<1HX�Êo	.�6DH[HXMgEG68<1.�U¿VXK
<14A.�E=M!/1/F.�E=<�EGH[7	C�<F.G/�<FMko	.]<F/F6DKACfpq.G/F.�U�68KAU�<14A.�/1.Gpq.G/F.GKAEG.�Cuo�.=<��\.G.�K�M!og��.�E=<FC�VXKÊUgV[µ�.�/1.�Kj<�E=HX7AC�<F.G/JC368/F.;K:M8<
E=M!KAC1.G/F|D.�U�c
vwo:VXC;» ��}8½ V�Cu6�0!/1V�U�E=M!9;�:7g<1VXK:0$.GK�|�V[/FMDKA9e.�Kj<�pqMD/��j6b|)6:cuv¶<uU:.=ÃAK:.tCZ<14:.ev�@ r ?
6DK��Z@Wv{M)|!.G/��R4AVXEJ4�4:V[0!4:.G/

HX.G|D.�H�UgVXCf<1/FVXo:7g<1.tU�.�K�|jVX/FMDK:9;.GKj<JC5C17AEJ4�6!Cas{Qkv5E�68K�o	.uVX9e�AH[.�9e.�Kj<1.�U�cBvwo:VXCaUgV[µ
.G/JC\pq/1M!9 MD7:/\�5M!/1��C1VXKAE=.Z<14:.
v�@ r K:M8<�M!K:HX��Ug.GÃAK:.�C3<14:.��\6b��MDog��.tE�<JC368/F.�Cf.�Kj<�o	.G<��5.�.GKÊEGMD9;�:7g<F.G/JC3o:7g<e68H�CfMk4:M)�È<FM�6DE�E=.�CFC&<1M!�	M!H[M!0D�
VXKgpqMD/F9]6)<1VXMDK�?�9;M!K:VP<FMD/FV[KA0�U:68<F6:?�.G<FEDc3QkMD/F.GM)|!.G/t?	M!og��.�E=<uC1.G/FVX6DH[VX��68<1VXMDKkM!�g<1VX9;V[�t6)<1VXMDK�V[K�vwo:V�CZ/F.GHXVX.�CZMDK�o��j<1.
E=MgUg.�/1.��R/1V[<1VXK:0	?�<F4:.$6DV[9 M8p{�R4AVXEJ4ÊV�C�<1M�6!U:UÁ<14A.�C1.G/FVX6DH[VX��68<1VXMDK¾E=MgUg.�<1M�EGHX6!C1C1.�C�<1M�6b|!MDV�UÁUg��KA689;V�E]<����	.
VXKACf��.�E=<1VXMDK�c

��§�¯;¬�©�¯ �5® "�¨�¬�©
vwKk<14:V�C&�A68��.G/Z�5.�4A6b|D.��:/1.tCf.�Kj<1.�U�6]K:.G� �Z@WvR�R4:V�EJ4��\.�E�68HXH'� � M�.�<14A68<ZV�CZUg.tUgV�EG6)<F.�U�<FM�<F4:.�.G�:EJ4A68K:0!.

M8p�MDog��.tE�<FC\o�.=<��\.G.�K��!YZQ�C�c � 4:VXCR�Z@WvW9]6D�D.�C5V[<\��M!CFCfVXo:HX.�<FM�<J68�!.&6!Ug|)68Kj<F6D0D.�MDp�<14A.Z��K:M)�RHX.�Ug0!.��\.Z4	6b|D.�MDp
o�M8<14�<14:.;CfM!7:/JE=.�6DKAU�<F6D/10!.=<Z�!YZQ�CZ6DKAU�M8pB<F4:.�7AKAUg.G/FHX�jVXK:0�KA.=<��\MD/F�$6DKAU�<14A.�6DCFC1M�EGVX68<1.tUkE=MD9;9�7:K:V�EG6)<FV[M!K
HXV[o:/J68/FVX.�C�c � 4:V�CRHX.�6!U:C\<1M]|!.G/F�].=��E=VX.GKj<{.=�:EJ4A6DK:0D.&M8p'MDog��.tE�<JCao	.G<��5.�.GKk�DY&Q�C�c
��.]4A6b|!.e<14:/F.G.]VX9;�:H[.�9;.GKj<F68<1VXMDKACu/F7:K:K:VXK:0	c � �5Mk6D/1. ���!�%$ �R/FVP<1<1.�K�VXK¾�!6b|)6ÁÅqM!K:.]M)|D.�/�s{Qkvu68KAU�MDKA.

M)|D.�/ � 2\@5Æ�?�<F4:.u<14AV[/JU$VXC{6eHXM)� HX.G|!.GH�MDKA.uU:.�UgV�EG68<1.�U�<FM;�!VX�D.�CRs�YZQ¾c
� 4:VXClHX6!C�<WVX9;�:HX.G9;.GKj<F68<1VXMDK]V�CWCf<1VXH[H�6u�5M!/1�3VXK]�:/FMD0!/1.tC1C�c���.�68/F.{E=7:/F/F.GKj<1HX���\MD/F��V[K:0&<FM�.GK:4A6DKAE=.a<F4:.{0!/F6D�:4

o:/FM)�{CfVXK:0&68HX0DMD/FV[<14:9 7AC1VXK:0&�!VX�D.�CFs�Y&Q C1��.�E=V[Ã	E\9;.�EJ4A6DK:V�Cf9]C�c���.a6DHXC1M&�:HX6DK�<FMZ/F.GHX.�6!Cf.a6ZHX6D�:V:68KAUe6&Qk��/1VXK:.=<
|D.�/FC1VXMDK�MDp*� � Mj.!c

«�Ü��RÜ&«�Ü&©�¯�Ü "
» �=½ 254:/FVXCf<1V�68K  {.tC�<F.G/t?�Q�VXEJ4A6D.GH�@l4:VXH[VX�:�AC1.GK�6DKAUkL\.G/FK:4A68/JU ��6D7:9]6DEJ4:.�/�cA�·QkMD/F.3�B��EGV[.�K!<&s{QkvapqMD/Z�!6b|)6:c

vwK$�j6b|)6]I&/F6DKAUg.D?g�	680D.tC �t~ ¼b³ �b~ Ç:? � Ç!ÇDÇAc
» ¼ ½ �!6!CfM!K$Q�6D6DCFC1.GK�?As{MDokYW68K  �V[.�7j�R��M�MD/1<�?�sRMDKA6DHXU�YB.�HXU:.G9]6:?��{.GKA/1V'�{cALa68H_? � 4AV[HXM "uV[.�H[9]6DK:K�?
25.�/1VX.GH��Ac

�3cg�j6DE=M!oACl6DKAU�sR7:<10D.�/R�5c��3c���M8pq9]68K�cj�W�]EGV[.�Kj<a�j6b|)63s{QkvBpqM!/5�	68/J68HXH[.�HA�:/FMD0!/F6D9e9;VXK:0Acj@W/FMD0!/F6D9e9;VXK:0
r 6DK:0D7A6D0D.tC56DKAUk-��gC�<F.G9]CG?A¼ } Å �!Æ�^�� � ��³��
� ~ ?j¼ �D�:� c

» })½ �A6Do:VX6DK�L\/F.G0�6DKAU¾25MDKACf<F6DK!<FV[KA. y c�@*MDHX�gEJ4:/1M!K:MD��MD7AH[MjCGcA�j6b|)6�|�VX/f<F7A68H*9]6DEJ4:VXK:.;Cf7A�:�	M!/f<&pqMD/uM!og��.�E=<�C1.=±



�

/1V�68HXVX��6)<FV[M!K�c*vwKº@l/1MgEG.G.�U:V[K:0jCeM8p�<F4:.�¼ �!�:� ��MDVXK!<���2\Q�±¶vf-A2RÂ&@5�·EGMDKgpq.�/1.�KAE=.$MDK �!6b|)6ÁI&/F6DKAUg.!?l�A6D0D.�C
� � } ³ ���D� c!��2\QÛ@W/F.�CFCG?:¼ �D�:� c

» �8½ �A6Do:VX6DK L5/F.G0Ø6DKAU y .GK:K:V�C�Iu6DK:K:M!K�cZ�¹257	C�<FMD9;V[�t68o:HX.¾vw9;�:HX.G9;.GKj<F68<1VXMDK MDp]s�Qkv$pqMD/ ��V[0!4 @*.G/1pqMD/1±
9]68KAEG.�25MD9;�:7g<FV[KA0AclvwKØ@l/1MgEDcWM8p���MD/F��C14:M!�ºM!KØ�!6b|)6�pqM!/�@B68/J68HXHX.GH{68K	U y V�C�<F/1VXo:7g<F.�U 25M!9;�:7g<1VXK:0ÊMDp
v�@l@\-A²8-g@ y @5ÇDÇA?!�A6D0D.tC � }D} ³�� � ��? � ÇDÇ!Ç:c

» ~b½ -�7:KkQkV�E=/FM!C1�gC�<F.G9�c:-�.G/FVX6DH[VX��68<1VXMDK�Cf��.�EGVPÃ�EG6)<FV[M!K�cg4j<f<F��^i²!²F�f6b|)6:c C17:K�c E=MD9�²
» � ½ -�4A6D4�Iec[?- {VX.G�:HXMgEJ4A6��	c[?
QkVX/1�t6�2Zc 6DKAU ��6D/1/FV�CfM!K�s3c[?�I&M)|�V[KAUA68/J6)��7ks�c ";c[?
I&V[H�Ug.�64";c[? y V  {V�E=M!HX6�@*c	68K	U

L\.GKAUg.�/'2Zcb@*.G/1pqMD/F9;6DKAE=.B6DKAUu.=�g��.G/FV[.�KAE=.W�RV[<14 r ��@lv�^�6RKA.G�Á4:VX0D4g±¶�	.�/fpqM!/19]6DKAE=.WEGMD9;9�7:KAVXE�6)<1VXMDKuHXV[oA/F6D/1�
pqMD/a<F4:.�v�LaQ s�-	²/� �!�D� -g@*cgvwK�vwKj<1.G/FKA68<1VXMDKA6DH
@B6D/F6DH[HX.GH�@l/1MgE=.tC1C1VXK:0e-���9;��M!C1V[7:9�?:�	680D.tC{¼�� � ³g¼
�
�A? � Ç!Ç � c

»^� ½ Qk��/1V�E=M!9�c�Q��j/FVXK:.=<�C1M8pè<��a68/F.Dc�4j<f<F��^i²!²b�R�R��c 9���/FVhc E=M!9�²8C1E�CJ²
» �)½ -�7:KkQkV�E=/FM!C1�gC�<F.G9�cg�!6b|)6A �689;VXK:0�68K	U y V[/F.�E=<1M!/1��vwKj<F.G/1p´6DE=.!cg4j<f<1��^i²!²F�f6b|)6:c Cf7AK�c EGMD9�²b�A/1MgUg7AE=<FC�²F��KAU:Vè²
» Ç ½ ";c�"uMDK:Me68KAU � c�Q�6DC17AU:6:cg�W�]EGV[.�Kj<as{Q�v�^ y ��KA6D9eV�Eu-��	.tE=V�68HXV[�t6)<FV[M!K�M8pBÂZog��.�E=<{-g.G/FVX6DH[VX��68<1VXMDK�cjvwK�@l/1MgE8c

M8p'v��l�l�¿vwKj<�� H'25MDK:p�c:MDK y V�Cf<1/FV[o:7:<1.�U�25M!9;�:7g<1VXK:0�-��gCf<1.G9]C3Å´v12 y 2a-AÆ�?:�A6D0D.tC }D� � ³ }A�t~ ?�¼ �!�D� c
» ���)½ @B6DCFEG6DH
I&/J68K:0!.�68KAU$@WVX.G/F/1.&Y�VX0DKaS.G/J6DC�c � 4:.�� � M�.&�A/1MD��.�E�<tcg4j<f<1��^i²!²F�w<1M�.!c Cfp�c KA.=<
» �D�=½ r c�25MD7A/f<F/F6DVh?���c�Q�684aS.�M�68K	U��\c�s{68VX9�o	687:H[<�c��W���A/1.tC1C1MA^{6 r VXo:/J68/F��pqM!/��A6DCf<��!6b|)6$ÂZo:��.�E�<JC � /J68KACfpq.G/1<�c

vwK$Q��j/FVXK:.=<�zZCf.�/�I&/1M!7:�k25M!Kgpq.G/F.GK	E=.D? r �DM!K�?A¼ �!�D� c
» � ¼ ½J� 4:. "�6)µ
.��!6b|)6e|�V[/1<17A6DH�9]6DEJ4:VXK:.Dcg4j<1<1��^d²D²)�R�R��c �)6)µ
.Dc MD/F0�²
» ��})½ sRMDo�YW68K  �V[.�7j�R��M�MD/1<�?��j6DC1MDKÁQ�6!6DCFCf.�K�?�sR7g<F0D.G/5�{M8pq9]6DK�? � 4:VXHXM "uVX.GHX9]68K:K�?9�{.�K:/FVW�{c�La68H_c�vwo:V�CG^�6DK

�B��E=VX.GKj<��!6b|)68±_oA6!Cf.tU�I&/FVXU�@W/FMD0!/F6D9e9;VXK:0��lKj|�VX/1M!K:9;.GKj<�c
�!MDVXK!<���2\Q �!6b|)6�I&/F6DKAUg.�±{vf-A2RÂ&@l�T¼ �D� ¼
25MDKgpq.�/1.�KAE=.!?g�:� � � ³g¼F�g?�¼ �D� ¼gc

» �G�8½ L&c���H[��.G/FK�?�2Zc:s3c:�\<f<F6DKA6DC1VXMA?g�3c	25MgEGEJ4AVh? y c r VX.Go�.G/t?:-
cA-�9;VP<F4�? � c� �0DMA?g�	c:�AcgLa68/1<1M!K�?:-
c:�\c��{7:9;9;.GH_?
�AcA2Zc:-�4:.��	.�/FU�?:68KAU�Q¾c:Qk.G/F0D.�K�cjvw9e�AH[.�9e.�Kj<1VXK:0]�!6DHX6D�	.��K:M�VXK$�j6b|)6:cjvwK�@l/1MgE=.�.�UgVXK:0jClMDp�<14:. � ÇDÇDÇ���2\Q
-�vfIu@ r �� À25MDKgpq.�/1.�KAE=.�MDKTÂZo:��.�E�<1±�ÂZ/FVX.GKj<1.tU°@W/FMD0D/J689;9;VXK:0�-��gC�<F.G9]C�? r 6DK:0D7	680D.tC��À���:�:HXVXE�6)<1VXMDK	CG?
Â�Â&@5- r � Ç!Ç:? y .GK�|D.�/�?	25M!H[M!/F6!UgMA?� {M)|!.G9�o	.�/ � ± ~ ? � Ç!ÇDÇ:?�|!MDHX7:9;. }D� Å ��� ÆlM8pB��2\QÛ-�vfIu@ r ��  {MD<1V�E=.tCG?
�A680!.�C }:���e} ¼ � c:��2\Q @l/1.tC1C�?AÂ&E�<�c � ÇDÇ!Ç:c


