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5C,h,WYÉY0,.5CAaG�A8/&b@791P/�79YKY^1F,.Y^1PA8792F/�7Wb@7Îjk]^N0O^79àx/'Nc2J795$]^N^AC2p,Wjn1F,.-0,W2@G�,.N.2P1F,.5gõCý�8H<�ý&üK<�ý�9K<



°�°�°

ö9ü^<'ýLöqù�Tnfg,WNc2F1P,W5gY0,.5CAaG�A8/&b�7Wb�7WG�2FA8,WNKb�ACNÍ79NKOê,Wj�2F_K/'àÎb3/&5CB./&b�1F/&Y^1P/&bF/'Nc2�2F/&àxY0,.1P7W5C58ßcá
/�åh2F/&NKOH/&Ox7W-Kbm2P1P7.G;2PAC,.NKb$2F_K7926G'7WN�-?/*58/'BW/&1P7WVW/LO�2P,�G�,WN0bm2P1F]KG�2nG�,WàxYK7.G;2L<=2P7.b3Icá�,W1PAC/&N.2P/&O
Y0,.5CAaG�A8/&bÎ/&A¯2P_^/'1[2F_^1P,W]KVW_�79Ns/�åHY^58AaG�AC2ÇY^1F,.VW1J79àxàxACNKVÆYK1F,HG�/LbFbx,.1Î2F_K1F,.]^VW_�,WNK/�2F_K792
1F/&5CA8/&bÄ,.NæbF,Wàx/pjk,W1Pà ,9j àÎ7WGJ_^A8N^/Å58/&791PN^A8N^VKT

>@]^1*G�,WNc2P1F,.50jk1J79àx/&Qg,.1FIxAab*,W]H2P5CA8N^/LO[A8NæèKVW]^1P/\ö�7WNKOæG�,Wà�-^A8N^/&b*G'5C,cb3/LOhá�58,h,WYæG�,WN^á
2F1P,W5?Y^1FA8àxA¯2PACB./&bg79NKOÎY?/'1JG�/&YH2FA8,WNÇ2F_^1P,W]^V._Ç7�_^A8/'1J791JGJ_hß�,Wj¦79-Kb32F1J7WG�2FA8,WNÇ7WG�2FA8,WNKb&T.âÄ_K/&bF/
G�58,.bF/&Ohá�5C,h,.Y�-?/'_K7qBhA8,W1J795hY^1PACàxAC2FA8BW/&b QE,W1PI\A8N�58,=QÄá�O^ACàx/'N0b3A8,WNK7W5h,WY?/'1J7=2FA8,WN0795Hb3Y07WG�/LbÄîÓ7Wb
OH,�-?/'_07qBcA8,W1Fá�-K7WbF/&OÎ7WY^Y^1P,.7WGJ_K/&bnA8N[V./'N^/&1P7W5að�<h-^]H2Ä2F_^/&ßÇ795ab3,�2F1J79NKb3jk,W1Pà 7�G',WNc2FA8Nh]^,W]0b
bm2J7=2F/�b3YK7.G�/�A8Nc2F,æ7Çb3/'2%,9j6O^A8bPG�1P/�2P/�/&äc]^A85CA8-^1PA87KT0â ,Ç/'Nh]^àx/&1P792F/\2P_^/�1J79N^V./\,9j�Y?,.bPb3A8-^58/
G�,WN0G�]^1P1F/&Nc2ÄG',WNc2F1P,W5�b3AC2F]07=2FA8,WN0bE2F_K792*G&79Næ-0/\G',WNKbFA8O^/'1P/&OÎjk1P,Wà b3,.à�/pA8N^A¯2PA87W5¦b32P7=2P/W<hQE/
/'àxY^58,=ßp7%_cßh-^1PAaO\X%AabFG'1F/'2F/:�nBW/&Nc2 X%ßhNK7WàxA8G:;hßHbm2P/'à îÓX<�6X=;^ð�jk1P7Wà�/&Qg,.1FI�T�ú�N�2F_^Aab¦jk,W1Fá
àx7W5CAabFà�õ ö�>K<3ü.÷^<3ü@?9ù�<.2F_K/pb32P792F/%,Wj�2F_K/@]^N0OH/'1P5CßhA8N^V�bFßHbm2P/'à�Aabg7.bFbF]^àx/&Ox2P,�/&BW,.5CB./*Q*A¯2P_
2F_^/p,HG'G�]K1F1P/'NKG'/%,Wj 7�bF/�2Ä,9j$OHA8bPG�1P/�2P/%/&BW/'Nc2Jb'<hb3,.àx/pbF]^-KbF/�2Ä,9j¦Q*_KA8GJ_æ791P/@G�,.Nc2F1P,W58587W-^5C/.T

âÄ_^/@Y?/'1JG�/&YH2F]0795?,WY?/'1J7=2F,.1Pb61F/&Y^1P/&bF/'Nc2g-?,92P_t1J7qQs79NKOt79-Kb32F1J7WG�2F/&O[b3/&NKb3,.1Fß�A8N^Y^]H2Jb'T
âÄ_^/p7W-Kb32F1J7WG;2PAC,.NKbg_^A8O^/ÅO^/�2P7WAC5abE,9j�2P_^/ÅY0/&1PG'/'YH2P]K795½b32F1P/&7Wàæ<h795858,=Q*ACN^V�jk,W1*79YKY^1F,.Y^1PA8792F/
VW/'NK/'1J7958ACñL7=2FA8,WN�7WG'1F,cbFb$àÎ79Nhß�OHAab32FA8NKG;2gbF/'N0b3,.1Fß\A8N^Y^]H2Jb'TWú�Nx7.O^OHAC2FA8,WN�<.OHA8bPG�1P/�2P/�79-Kb32F1J7WG�á
2FA8,WNKbÅ791P/�Y^1F/Lb3/&Nc2F/&O�2F,æ2F_^/xX<�6X=;iàx,HOH/'5n7.b@7tQÄ7qßæ,WjE7W]^VWàx/'Nc2PACN^V[2F_^/ÎG',WNc2F1P,W585C/&1
bm2J7=2F/g1F/&Y^1P/&bF/'Nc2P792FA8,WN�TLMê2P7.b3Icá�5C/&BW/&5.G�,.Nc2F1P,W5WY?,W58AaG�ßpjk,W1 7�V.ACB./'N�OHAabFG'1F/'2F/Eb3ßHb32F/'à àx,HOH/'5
G'79Ní2F_^/&N"-?/æ/�åHY^1P/&bPb3/LOÑA8NÑ2F/&1FàÎb�,9jp7çOHAabPG�1P/�2F/�b32P7=2P/æbFYK7.G�/ÈîÓ7WbxG&79YH2P]^1F/LOÑ-hßÈ2F_K/
XA�gX<;çàx,HOH/'5ïðÅ79NKOÆ7�OHAabFG'1F/'2F/Î7WG�2FA8,WNÈb3YK7.G�/�îÓ7.b\G'7WYH2F]^1P/&Oç-hß�2F_K/xbF/�2�,WjE7qB=79A85a79-^58/
G�58,.bF/&Ohá�5C,h,.YêY^1FA8àxA¯2PACB./æG',WNc2F1P,W5858/'1Jb�79NKOê2F_^/�7qB=79A8587W-^5C/tY0/&1PG'/'YH2P]K795E,WY?/'1J7=2P,W1JbPð�T¦ú�2xA8b
_^,WY?/&Ot2F_07=2*Y0,.5CAaG�ß[jk,W1PàÎ7=2FA8,WNtACNæ2P_^A8b%b3YK7.G�/ÅAabÄ_^ACV._^/'1*Y?/'1Fjk,W1PàÎ79NKG'/p7WNKOæA8bÄ58A8IW/'58ßÎ2P,
-0/\àx,W1P/Å1F,.-^]Kb32*-cß[BcA81F2F]^/Å,9j$2F_K/�G�58,.bF/&Ohá�5C,h,.YtG�,.Nc2F1P,W5�Y^1PACàxAC2FA8BW/&b&T

B�C�D EGFIHKJ�L�M�HKN:OIP	Q�R�Q
ú�N\,W1JOH/'1�2P,*jk]^NKG�2FA8,WN\A8N�bm2P,hGJ_07Wb32FAaG /'NhBhAC1P,WN^àx/&N.2Jb'<&G�,WNc2P1F,.5=Y^1FA8àxA¯2PACB./&b¦à�]Kb32�-0/g1F,.-^]Kb32
2F,É]KNKG�/&132J79A8N.2mßê7WNKOÑN^,.A8bF/WT âÄ_^Aab�A8NKG'5C]KO^/&b�Qg/L79IÆ,W1�N^,WN^á¤jk]^N0G;2FA8,WN0795Ä7WG;2P]K7=2P,W1Jb�7WNKO
N^,WAab3ß\,.1 ACNKG',W1P1F/LG;2�O^7=2J7@G',WNKG'/'1PN^A8N^V%2P_^/Ä/�åh2F/&1FN0795h/'NhBhAC1P,WNKà�/&Nc2&TWfg5C,cb3/LOhá�5C,h,WY�G�,WNc2P1F,.5
A8b�7ÉQE/'585Cá�b32F]KO^AC/LOêàx/&GJ_K7WN^A8bFà jk,W1�1F/3ãm/&G�2FA8N^VÉN^,.A8bF/[A8NÑ2P_^/&bF/æ/'NhBhAC1P,WN^àx/&N.2Jb'T ú�NÑ2P_^A8b
79Y^Y^1P,.7.GJ_�<67WNª/'1P1F,.1Îjk]^NKG�2FA8,WNéjk,W1Pàx7W5CA8ñ'A8N^Vê2P_^/çG',WNc2F1P,W5@,W-Hãm/LG;2PACB./iA8bæG�,.Nc2FA8Nc]K,W]KbF5Cß
/'B=7958]K7=2P/&O�79NKO�]KbF/&O�2F,Å]^Y�O^7=2P/�G�,WNc2P1F,.5cbFACV.NK795ab$ACNx7pQE7qßp2P_K7=2n1P/&OH]0G�/&b$/&1F1P,W1LT=fg58,.bF/&OHá
5C,h,WYiG',WNc2F1P,W5½5a7qQ�b%7W1F/\1P,W-K]Kbm2*2P,[b32F,HGJ_K7Wb32FAaGÅ/'NhBhA81F,.N^àx/'Nc2P7W5�Y0/&132P]^1P-K7=2PAC,.NKb*-?/&G'7W]KbF/
ACN�2P_^/�G',WNc2F1P,W58587W-^A85CAC2mß[1P/'V.AC,.N�<H2F_K/�G�,.N.2P1F,.5�5a7qQ O^1FA8BW/LbÄ2F_^/�b3ßHb32F/&à -K7.GJIÇ2P,=QE7W1POt2F_K/
-K7WbFACN�,Wj$7=2F2F1J7WG�2FA8,WN�T^M%1F1PACB=7W5½2F,Î7x1P/'VWA8,WNt,9j�G�,.NHèKVW]K1P792FA8,WN�b3YK7.G�/ÅQ*_^/&1F/p2F_K/�G�,WNc2P1F,.5
587qQS/'1P1F,.1Äjk]^NKG;2PAC,.N�A8b*58,HG'7W5C58ß[àxA8N^ACàxA8ñ'/LOt1P/'YK1F/Lb3/&N.2Jb*7ÎG�,.NcB./'1PVW/&NKG�/@/'BW/&Nc2*jk1F,.à 2F_K/
Y0/&1PbFY0/LG;2PACB./p,Wj 2P_^/�X<�6X=;cá�58/'B./'5½àx,HOH/'5�T

`�]^5C2FACá�,.-Hãm/&G�2FA8BW/nG�,.Nc2F1P,W5=Aab�79N^,W2F_^/&1½ACN0OHA8bFY?/'NKbP79-^58/6G',WàxY0,.N^/'Nc2�,WjhbF]KG'G'/&bPbmjk]K591F,.-0,W2
jk]^NKG;2PAC,.N�TKUK,W1*/�å^7Wà�YK5C/.<^7�1P,W-?,92�G&79YK7W-^5C/Å,Wj$OH/'åc2P/'1P,W]KbÄàÎ7WN^ACYK]^58792FA8,WNæà�]Kb32*-0/�7W-^58/
2F,�1P/&7.GJ_�2P,�79NKO�V.1P7.b3Yx79NÎ,.-Hãm/&G�2nQ*_^AC58/%bFACà�]^5C2P79NK/',W]0b358ß�7qB.,WAaOHACNKV@,.-Kbm2J7WG'5C/Lb'Tcfg58,.bF/&OHá
5C,h,WY�G',WNc2F1P,W5W587qQ�b�G&79N\-?/6G�,.NKG�]K1F1P/'Nc2F58ß@G',Wà�-^ACNK/&Op2F,@b3,.5CB./�à�]^5C2FACá�,.-Hãm/&G�2FA8BW/nYK1F,.-^5C/&àÎb
bF79jk/'58ß�7WNKOx/�e�/&G�2FA8BW/'58ßWThDEß�GJ_0791J7WG;2P/'1PACñ&ACNKVÅ7�G�,WNc2P1F,.5^,W-Hãm/LG;2PACB./�]KbFACN^V�7�bFG&795a791nY?,92P/'NHá
2FAa795 jk]^NKG�2FA8,WNÈ,=BW/&1p2F_^/ÎG�,.NHèKV.]^1P792FA8,WNÆb3YK7.G�/.<½A¯2\Aab\Y0,cbFbFA8-^5C/�2P,�O^/�2F/&1FàxA8N^/W<�792\/'BW/&1Fß
Y0,.ACNc2&<K2F_^/�G�,WNc2P1F,.5¦OHA8à�/&NKbFAC,.NKbÄ2F_07=2@7W1F/\,.132P_^,WV.,WNK7W502P,Î2F_K/�bm2P/'/&Y0/Lbm2@O^/&bPG�/'Nc2%7W5C,.N^V
2F_^/tY0,W2F/'Nc2PA87W5njk]^NKG�2FA8,WN�T âÄ_^Aab�,.132P_^,WV.,WNK7W5nb3]^-0b3YK7.G�/iîk2F_^/tNc]K5C5ab3Y07WG�/[,9jÄ2F_^/tG�,WNc2P1F,.5
587qQ%ðnA8bE79NÇ/'åHY^5CAaG�AC2EO^/&bPG�1PACYH2PAC,.NÇ,9j½2P_^/%1P/&O^]^NKO^7WN.2ÄOH/'V.1F/&/&b3á�,Wjïá¤jk1P/'/LOH,Wà îÓX\>pU bPðnQ*A¯2P_
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1F/Lb3Y?/&G�2n2F,\2P_^/@G',WNc2F1P,W5K587qQ\TH>@NKG�/�AaOH/&N.2PA¯è0/&O½<W2F_^/Lb3/@1F/LOH]^NKO^7WNc2n2P7.b3I�OHACàx/&NKb3A8,WN0b6G'7WN
-0/Å]KbF/&OtACN�bF/'1PBcAaG�/%2F,x,92P_^/'1E2J7WbFIÎ,W-Hãm/LG;2FA8BW/Lb'Tcú�Nt2F_^/\G'7.b3/p,9j VW1J7WbFY^ACNKVK<.jk,W1Ä/�å^79àxY^58/W<
7�G',WNc2F1P,W5½5a7qQSbFY?/&G�ACèK/Lb�7�Y0,W2F/'Nc2PA87W5½jk]^NKG�2FA8,WN�,=BW/&1E2F_^/�bFYK7WG'/Å,9j Y0,cbFbFAC-K5C/Å_K7WNKOK =7W1Fà
G�,WN^èKVW]^1J7=2PAC,.NKbn1P/'5a7=2PACB./*2F,x79N[,W-Hãm/LG;2EbF]KGJ_Î2P_K7=2*7�àxA8N^A8à�]^à /'åHA8b32PbgACNæäc]K7958A¯2mßxV.1P7.b3Y
G�,WN^èKVW]^1J7=2PAC,.NKbÅõ >9ù�T04 ,92F/&Nc2FAa795�èK/&58O�àx/�2P_^,HO^b*A8N�à�,W2FA8,WN�Y^5a79N^NKACN^VÎA8àxY0,cb3/�7xN07qBcA8V.79á
2FA8,WNçjk]^NKG;2PAC,.NÉ2P_K7=2L<�Q*_^/'NÆY^1P,9ãm/&G�2F/LOiA8N.2P,[2P_^/xNh]^5C5abFYK7WG'/�,9jg2F_^/xV.1P7.b3YÉG',WNc2F1P,W5$5a7qQ\<
G'79N�bFACà�]^5C2P79NK/',W]0b358ßtOH1PA8BW/p2F_^/�G�,WNc2P1F,.5�Y0,.ACNc2%7qQÄ7qßÎjk1P,Wà ,.-Kb32P7WG'5C/Lb*79NKOæ2P,=QE7W1PO[2F_K/
VW,.7W5�õ 8qù�T

>@]^1�G�,.N.2P1F,.5�jk1J79àx/'QE,W1PI�jk,W1PàÎ7958ACñ&/&bÅ2P_^A8b�1F/&58792FA8,WNKbF_^A8YÆ]0b3A8N^V�2F_K/]\^;h]K-Hãm/&G�2�â¦,`_
G�,WN0bm2P1P7WACNc2&TKa�/�2=b : 7WNKOcb l -?/�2mQE,[G',WNc2F1P,W5�5a7qQ�b*2P_K7=2p7=232P/'àxYH2p2F,[O^/&bPG�/'N0OiG�,.N.2PACN^á]^,W]Kb&<¦bPG'7W587W13á�B=7958]^/&OçY0,W2F/&N.2PA87W56bF]^13jÓ7.G�/Lbed : 79NKO]d l 1P/&bFY0/LG;2PACB./'58ßWT�rÆ/[bP7qß�2F_K792�2F_K/G�,WàxY?,.bFA¯2P/�G�,.Nc2F1P,W585C/&1fb4gihjb llk b : /'åH/&G�]^2F/&b<b l ���	�nm � �o���p�qb : Q*_K/'Ncb l /'åH/&G�]^2F/&bACN�2P_^/�Nh]^585ab3YK7.G�/�,Wj/d : <?A¤T /WT8<0Q*_K/'Nsrtdugvhwr1d :lx r1d lzy î�d : ð*Q*_^/&1F/ y î�d : ð�A8b%2F_K/Nc]K5C5ab3Y07WG�/x,WjEY?,92P/'Nc2FAa795 jk]^N0G;2FA8,WN]d : T�ú�NÆ2F_^AabÅ/�åHY^1P/&bPb3A8,WN¦<�2F_^/ÇG',WàxY0,cb3AC2F/ÎG',WNc2F1P,W585C/&1b4gÆO^/&bPG�/'N0O^b 2F_K/Ad : Y0,W2F/&N.2PA87W5Hjk]^NKG�2FA8,WNÇ7.b�7pèK1Pb32nY^1PAC,.1FAC2mßWT9M@bn7\bF/&G�,.NKO^7W1Fß\Y^1PA8,W1PA¯2mß.<b4gÍ7W58bF,xOH/&bPG�/&NKO^bfd l Q*_^/&NæAC2%OH,h/&bÄNK,92�A8N.2P/'1Fjk/'1P/ÅQ*A¯2P_t2P_^/\Y^1PACàÎ7W1FßÎ,.-Hãm/&G�2FA8BW/ed : TâÄ_^/1�����K��
^��
��^�������nA8bEOH/&bPG�1PA8-0/LOx-cßÎ7�b3/'2g,9j�Y?,92P/'Nc2FAa7950jk]^NKG�2FA8,WNKb&<h7�bF/�2g,Wj¦b3/&NKbF,W1Pß
ACN^YK]H2Pb&<c7WNKOÇ7�bF/�2g,9j�/�e�/&G�2F,.1Pb&TWú�Nx2P_^/%V./'N^/&1P7W5KG'7.b3/.<.79NÎ/&5C/&àx/'Nc2g,Wj½2F_^/pG�,WNc2P1F,.5^-K7WbFAab
A8b�7{\Pb3]K-Hãm/&G�23á�2F,|_�,.1POH/&1F/LOtbF/�2�,Wjn7WOHàxAabFbP79-^58/\G�,.à�-^A8NK7=2PAC,.NKbÄ,9j Y?,92F/&Nc2FAa795�jk]KNKG;2PAC,.NKb'<
b3/&NKb3,.1FßÎA8N^Y^]^2Pb&<K79NKOæ/'e?/LG;2F,.1Pb&T

B�C}B E�~f�`M��@�`��L���P�N�OIP	Q�R�Q
;h/'NKbF,W1Pß\jk/&/&OH-K7.GJI�Aab67WN�A8Nc2F/&VW1J795^YK7W132n,Wj�G'5C,cb3/LOhá�5C,h,WYxG�,.Nc2F1P,W5^Y?,W58A8G'AC/Lb'TWú�NÎ,W]^1�jk1J79àx/'á
Qg,.1FI�<Ä79585pbF/'NKbF,W1PßÍACNHjk,.1FàÎ792FA8,WNéAabæY^1P,hG'/&bPb3/LOÍ2F_^1P,W]KVW_s2P_^/ÈY0/&1PG'/'YH2P]K795p-K7WbFAab'<E2F_K/
,W]H2PY^]H2PbE,Wj�Q*_^A8GJ_t791P/%]KbF/&OÎ-?,92P_t7.b6A8N^Y^]H2Jbg2F,�/&5C/&àx/'Nc2Pbg,9j�2P_^/ÅG�,WNc2P1F,.5K-K7.b3Aab67WNKO[7.b
7�OHAabPG�1P/�2F/Åb32P7=2P/@1P/'YK1F/Lb3/&N.2J7=2PAC,.Nxjk,W1E2F_^/\X<�6X=;cá�5C/&BW/'5�àx,HOH/'5ab&ThâÄ_K/pY?/'1JG�/&YH2F]0795�-K7WbFAab
A8bÅ7t_^AC/&1P7W1PGJ_KA8G&79585Cßæ,W1PV.7WN^ACñ&/&OibF/�2Å,9jg,WY?/'1J7=2F,.1Pb&T��67WGJ_ÉY0/&1PG'/'YH2P]K795 ,WY?/'1J7=2P,W1ÅG'7WNÉ-?/
79Y^Y^58A8/&Oí2F,ÈOHA¯e�/'1P/'Nc2ÇbF/'NKbF,W1Pßêb3,.]^1PG'/&b&T�U^,W1x/'åH7WàxY^5C/.<�79Ní,.Y0/&1P792F,.1�2P_K7=2ÇG�,.NhBW,W58BW/Lb
79NÆACN^YK]H2�Q*AC2F_ê7�a¦79YK587.G�Aa79NÉ,Wj*uÅ7W]KbPb3Aa79Nç-K7WbFA8bpjk]KNKG;2PAC,.NÆàxA8VW_c2�-?/Î]Kb3/LOi2P,iOH/�2P/&G�2
\3-^58,W-Kb^_�ACNt2F_^/\G']^1F1P/'Nc2P5Cßcá�7qBq7WAC5a79-K5C/�BhAab3]0795�79N0O[79]0OHAC,Îb32F1P/&7Wàxb&T^>%2F_^/&1*Y0,cbFbFAC-K5C/pY0/&13á



S

G�/'Y^2F]K7W5c,.Y0/&1P792F,.1Pb$OH/�2P/&G�2$,.-Hãm/&G�2$/LOHVW/Lb'<L2F/'åh2F]^1P/W<=bPG'7958/W<q,.1FA8/'Nc2P792FA8,WN�<L,W-^ãm/&G;2JbÄõ ö`8h<Fö@?=ù�<
,W1*/'B./'Næ_h]^àÎ79NtjÓ7WG�/Lb\õ þhöqù�T

M%G;2PAC,.NKbEjk1P,Wà 2P_^/\Y?/'1Jb3Y?/&G�2FA8BW/\,9j 2F_^/�X<�6X=;cá�587qß./'1*àx,HOH/'5ab*791P/ÅACàxY^58/'àx/&N.2P/&O�7.b
�@�����}�������n���	�@,9jEG�,WàxYK792FA8-^58/�G�,.Nc2F1P,W5 79NKOÉY0/&1PG'/'YH2P]K795 -K7.b3Aab%/&5C/&àx/'Nc2Pb&T½M�NÆACNKO^ACBhAaOH]K795
/'58/'àx/'Nc2Ç,9jp2F_K/iG�,WNc2P1F,.5*-K7WbFA8bxàÎ7qßÑ1P/&G'/'A8BW/�A8N^Y^]H2Çjk1P,Wà ,WN^/�,WjpàÎ79Nhßí7W5¯2P/'1PNK7=2PACB./
Y0/&1PG'/'YH2P]K7950-K7WbFA8b6/'58/'àx/'Nc2Jb'TcU^,W16/�å^79àxY^58/W<c79NÎ,W-^ãm/&G;262F1J7WGJIhACNKV�G�,WNc2P1F,.5C58/'1�àÎ7qß�-0/p795Cá
2F/'1P/&OÇ2F,�-0/LG�,Wàx/Å7\jÓ7.G�/�á�2F1J7WGJIhA8N^V�G�,.Nc2F1P,W585C/&1n2F_K1F,.]^VW_Ç,.N^58ßx7�GJ_K7WN^VW/�A8NÇ2P_^/Åb3/&5C/LG;2F/LO
Y0/&1PG'/'YH2P]K795g-K7WbFA8b�/'58/'àx/'Nc2&T$âÄ_^Aab�79YKY^1F,c7WGJ_È79585C,=Q�bÅ,.N^/Î2P,iàÎ79IW/Î/'åHY^5CAaG�AC2�OH/LG�Aab3A8,WN0b
79-?,W]H2E_^,=QsG�,WàxY^]^2P7=2PAC,.NK79501F/Lb3,.]^1JG�/&b�7W1F/�2F,�-?/%]KbF/&O[7=2E7WNhß�A8NKb32P79Nc26A8NÎ2PACàx/WTh`�,.1F/'á
,=BW/'1L<=AC2g_^/&5CYKbn2F,Åjk,HG�]0b�2F_K/�\F79232P/'Nc2FA8,WN	_p,Wj�Y?,W58AaG�A8/&b6O^/�èKN^/LOÎ7=2n2P_^/%X<�6X=;cá�587qß./'1n,.N.2P,
G�,WàxY?,WN^/&Nc2Pbn,Wj�2F_^/@ACNKG',WàxA8N^V�bF/'NKbF,W1Pß�b32F1P/&7Wà 2P_K7=2Ä791P/*YK791F2FAaG�]^5a791P58ß�1P/'58/'B=79Nc2n2P,�2F_K/
2P7WbFI[792�_K79NKO�T

ë�,92PA8G'/�A8N�èKVW]K1F/�öx2F_^/�óK,=Q ,9j�ACN^jk,W1Pàx792FA8,WN�jk1P,Wà 2F_^/�G�,.N.2P1F,.5�-K7.b3Aab*2P,Î2F_^/�Y0/&13á
G�/'Y^2F]K7W5?-07WbFA8b&TcâÄ_KA8bg/'NK7W-^58/&bEG�,WNc2P1F,.5C58/'1Ebm2J7=2F/@2F,�-0/@2F1P/&792F/LOÇ,WN[/&äc]K7950jk,h,92PACN^Vx7Wb62F_K/
b3/&NKb3,.1Fß[ACN^YK]H2Pb%-cßt/'58/'àx/'Nc2Jb*,9j$2F_^/�Y0/&1PG'/'YH2P]K795�-07WbFA8b&THú�N�YK791F2FAaG�]K587W1&<h2P_^A8b�A8b%ACàxY?,W1Fá
2P79Nc2�jk,W1�2F_^/�G�,.NKb32F1P]KG;2PAC,.Nê,9j%Y?/'1JG�/&YH2F]K7W5g,.Y0/&1P792F,.1Pb�2F_K792�/'åH7WàxACN^/[2F_^/t2F1J7=ãm/LG;2P,W1Pß
,9j$G',WNc2F1P,W5858/'1E/'BW,.5C]^2FA8,WNt7.bÄ7�QÄ7qßÎ,9j$/�åh2F1J7WG�2FA8N^V��}�K� � 
��|�o���n���K���^��� �^� ���p��� � 1P/'Y^1P/&bF/'Nc2P79á
2FA8,WNKb&T

âÄ_^/gY?/'1JG�/&YH2F]0795H,WY?/'1J7=2P,W1Jb¦YK1F/Lb3/&N.2�OHAabFG'1F/'2F/Ä79-Kb32F1J7WG�2FA8,WNKb ,9j?b3/&NKb3,.1Fß�b32P792F/g2F,p2F_K/
XA�gX<;cá�58/'BW/&5^àx,HOH/'5ab'TcâÄ_^/�A8Nc2F/'1PNK7W5H2F1J79NKb3jk,W1PàÎ7=2PAC,.N�jk1P,Wà
7\G�,WNc2PACNh]^,.]Kb 2F,�7\O^A8bPG�1P/�2P/
1F/&Y^1F/Lb3/&Nc2P7=2PAC,.NÉAab\àx,.b32�,9jï2P/'NÑ7WG&G�,.à�YK5CAab3_K/&Oç-cßÉ2F_^1P/&bF_^,.58OHA8N^Væ2F_K/Ç1F/Lb3Y?,WN0b3/x,9jE2F_K/
Y0/&1PG'/'YH2P]K795n,.Y0/&1P792F,.1Å2F,i7�YK7W132PA8G']^587W1\ACNKY^]H2&T U^,.1\/�å^79àxY^58/W< 7�Y0/&1PG'/'YH2P]K7956,WY?/'1J7=2F,.1
à�A8VW_c2Å1F/LG�,.VWN^A8ñ'/\2P_^/xOH/'V.1F/&/\2F,æQ*_^AaGJ_É7ÇBhAab3]K7W5 A8N^Y^]^2ÅàÎ792PGJ_^/Lb@7[YK791F2FAaG�]^5a791pb3_079Y?/
jk/&7=2P]^1P/W< 79NKOêA8NKOHAaG'792F/[2F,i2P_^/tX<�6X=;cá�5C/&BW/&5gàx,HOH/'5EQ*_^/'2F_^/&1�,.1�N^,W2�2F_KA8b�YK791F2FAaG�]K587W1
jk/&7=2P]^1P/pQÄ7WbÄ,.-KbF/'1PBW/&O�T

B�C�� E���Rn�`M�P%M������iHu�+���A����FIHKJ�L�M�HKN:~fHuNnR��@Rn��Q
+*,W-?,926G',WNc2F1P,W5HAab�,9jï2P/'Nx1P/'V.7W1PO^/&O�7Wb�7\OHA��ÇG�]^5C2gOH/LG�Aab3A8,WNxàÎ79IhA8N^VÅY^1F,.-^58/'à -?/&G&79]KbF/*AC2
]Kb3]079585CßpACNhB.,W58BW/&b¦G�,WNc2PACNh]^,.]Kb�b32P7=2P/g7WNKO\7WG�2FA8,WN\B=791PA87W-^58/&b&T&âÄ_^/6G',WNc2F1P,W5Wjk1P7Wàx/'QE,W1PI%OH/�á
bFG'1FA8-0/LO\79-?,=BW/nàÎ7WIW/&b½2F_^Aab¦YK1F,.-^5C/&àS/L7WbFAC/&1�-hßÅY^1F,=BhAaOHA8N^V�OHAabFG'1F/'2F/6G',WNc2F1P,W5W7.G;2PAC,.NKb¦7WNKO
/�åh2F1J7WG�2FA8N^VÇOHAabFG'1F/'2F/�b32P792F/�A8NHjk,W1PàÎ7=2PAC,.N�TK;c2J7=2F/Lb�A8Ni,W]K1%XA�gX<;há�58/'B./'5¦àx,HOH/&58b@G'79Y^2F]^1P/
2F_^/�b32P792F]Kb$,9j½G�,.Nc2F1P,W5h79NKO�Y0/&1PG'/'YH2P]K795H-07WbFA8b /&5C/&à�/&Nc2Pb*õCýWý�ù�T=âÄ_^/*XA�gX<;�jk1J79àx/'QE,W1PIÅA8b
YK791F2FAaG�]^5a791P58ß@]KbF/�jk]K5cA8N�2P_K7=2 AC2$àÎ79I./&b¦A¯2 Y0,cbFbFA8-^5C/62F,pACN0G�,W1PY?,W1J7=2F/g7�B=791PAC/'2mß@,Wj0OHACe?/&1F/&Nc2
XA�gX<;cá�58/'BW/&56Y?,W58A8G'ßÉjk,.1FàÎ792FA8,WNÈàx/&GJ_K7WN^A8bFàÎb'T¦ú�NÑVW/&N^/'1J795�<�7�Y?,W58A8G'ßçAab�7�Y^1P,W-079-^A85CAab3á
2FAaGxàx7WY^Y^A8N^V�jk1P,Wàìb32P792F/x2P,i7WG;2PAC,.N�T½rÆ/[791P/xACNc2F/&1F/Lbm2P/&OçACNÑ792\5C/L7Wb32\2mQg,�A8à�Y?,W1F2P7WNc2
2mßcY?/&bp,WjnY0,.5CAaG�A8/&b&ÿ0_079NKOhá�G�1J7=jï2P/&O�Y?,W58AaG�A8/&bp79NKOç79]H2P,WN^,.à�,.]KbF5Cßæ5C/L791PN^/&OiY0,.5CAaG�A8/&b&T?âÄ_K/
XA�gX<;Æjk1J79àx/&Qg,.1FIiàÎ7WIW/&b�A¯2�/L7WbFßi2P,ÉG�,.à�-^A8N^/Î2P_^/Î2mQE,KT UK,W1�/L7WGJ_ÑbF/�2�,Wj�bm2J7=2F/Lb'< 7
_c]Kàx7WNÍO^/&bFACV.N^/'1�àÎ7qßÑb3Y?/&G'A¯jkßí7ÆbF/�2Î,9jÅbF79jk/t,.1x7.G'G'/'YH2J79-^58/æ7.G;2PAC,.NKb'T�M%]H2F,.N^,Wàx,W]0b
5C/L791PN^ACNKVÉG'7WNÑb3]^-0b3/Lä.]K/'Nc2F58ßÆ2P79I./Ç,=BW/&1�79N0Oê,WYH2PACàxA8ñ'/[2F_^/tY0,.5CAaG�ßÈQ*AC2F_^A8Nê2F_K/æbFYK7WG'/
,9j6bP7=jk/�7W5¯2P/'1PNK7=2PACB./&b&TKU^,.1%2P_^/�YK]^1FY?,.bF/&b%,9jn58/&7W1FN^A8N^V0<KQE/�]KbF]K795858ßtàx,HOH/'5$2P_^/�Y^1P]^N^/LO
XA�gX<;çàx,HOH/'5n7.b\79NçbF/'àxACá�`É791PIW,=B�OH/&G'A8bFA8,WNÆY^1F,HG'/&bPb�î�;H`iXp4gð%jk,W1\Q*_KA8GJ_È7æBq7W1FA8/�2mß
,9j 5C/L791PN^ACNKV�àx/�2P_^,HO^b&<^ACN0G�58]KOHA8N^VÎ1F/&ACN^jk,W1JG�/'àx/&N.2Ä58/&791PN^A8N^VK<^7W1F/\7WY^Y^58A8G&79-^58/Îõ¯ý.ý�ù�T

rç/�,W1PV.7WN^A8ñ'/�XA�gX<;"G�,.N.2P1F,.5ÄACNc2F,ê7Æ_^A8/'1J791JGJ_^AaG'795gjk1J79àx/'QE,W1PI�T UK,W1Î/'åH7WàxY^5C/.<�7
XA�gX<;cá�58/'BW/&5pG',WNc2F1P,W5@Y0,.5CAaG�ß�jk,.1æG',W1P1F/LG;2P5CßÍ5C,HG&7958ACñ&ACN^V0<61P/&7.GJ_^ACNKVK<g7WNKOªV.1P7.b3YKACN^VÑ7WN
,W-Hãm/LG;2�Aab�7�5C,=QÄá�5C/&BW/&5½Y0,.5CAaG�ßt-0/LG'79]0b3/ÅAab*_K7Wb*7ÎbFA8à�YK5C/\Y?,W58A8G'ß[-K7.b3/LOæ,WNt2F_^/�58,HG'7W5CA8ñ'/.<



Sg°

G

Control
actions

Grasp
Controller

Contact normals
and positions

Σ

Plant

Object
wrench

Reference
wrench

TVUXW Â��KÂK� |3y&���x��~ � }m�c�P���¯�6y'�gy@�J{ � }�|m{L�K�.|m{&zc���J�x®c¥ �c��� �:� zH{;§�� �c¡ ���;y'}m�P�6}m�cy'}n�J{ � }3y'�P}6�H{&¹
����}m��{ � y �c¡Î� {&|m��y'�?� � �8{&|m��y�}m�¯{ � ���Ä�.��� ¡ }m{��;y&���J�.�Cy�}m� � �P} £ |3y&���ÇË�|m� � �3�0®^¥ �.� � �P}EË�|m� � �3�
��� �J{L�\�cy'|m� ¡ Ën��}m�\}m�c��|m�P�a�F|m� � �J�6Ë�|m� � �3��y �c¡ y'�c�W|m{L�.|m�¯y�}m�g�J{ � }3y&�P} ¡ �����c�¯y&�P�J�\� � }m� y�|m� £ � � ¹
�F|3y'}m� ¡ ®

1F/L7WGJ_�<q79NKO�VW1J7WbFY�G�,WNc2P1F,.5.-K7.b3Aab /'58/'àx/'Nc2Pb&T9>@NKG�/Ä7WG&ä.]KAC1P/&O½<Lb3]0GJ_�7�Y?,W58AaG�ß�G'7WN�-?/&G�,.àx/
79N�7WG;2PAC,.NíA8N"AC2Pbx,=Q*NÍ1PACV._.2�jk1P,Wà 2P_^/�Y0/&1PbFY0/LG;2PACB./t,Wj%2F_K/�N^/�åh2ÇXA�gX<;í5a7qßW/'1LT�U^,.1
/�å^79àxY^58/W<h-^]^A85aOHACNKVx7xb32F1P]KG;2P]^1P/@Q*AC2F_æ-^58,hGJIHbEAab*7�_^A8VW_K/'1Fá�58/'B./'5?Y0,.5CAaG�ßÇ-?/&G&79]KbF/pA¯2�G'7WN
-0/�bFACàxY^58ß[1P/'YK1F/Lb3/&N.2P/&O[]Kb3A8N^Vx58,hG&7958ACñ&/� =1F/L7WGJ_u =VW1J7WbFYxG',WNc2F1P,W5½Y?,W58AaG�A8/&b*7WbÄYK1FA8àxA¯2PACB./&b&T

�  �.¡*¢3-* ×6Ø�£ÈÚV¤ÇØ%(f*-,çÚ6×gØHÙ^Ú/.1¥{2¦£hÞ�£

âÄ_^/�G�,.N.2P1F,.5�jk1P7Wàx/'QE,W1PIÇOH/&bPG�1PAC-?/&OæA8Næ2F_^/�YK1F/&BcA8,W]0b*b3/LG;2FA8,WN�V./'N^/&1P792F/&bÄG',WàxY^58/�åt-?/�á
_K7qBhAC,.1�-cß�G�,.à�Y?,.bFA8N^VÅ1F,.-^]Kb32&<9YK7W1P7Wàx/�2F/&1FA8ñ&7W-^58/EG'5C,cb3/LOhá�58,h,WYxG�,.N.2P1F,.5C58/'1Jb&T9âÄ_^/�G�,.5C58/&G�á
2FA8,WNê,9j*G�,.Nc2F1P,W585C/&1Pb\7qB=79A85a79-^58/xQ*A¯2P_^ACNÈ2P_^/Îjk1J79àx/'QE,W1PIiAab�1P/�jk/&1F1P/&OÉ2F,i7.bÅ2F_^/tG�,WNc2P1F,.5
-K7WbFA8b&ThâÄ_^/pG',WNc2F1P,W50-K7WbFAabgbF_^,W]K58OÇG',WNKbFAabm2E,9j½óK/'åhA8-^58/W<hßW/'2g/'åhYK1F/LbFbFACB./%G�,.Nc2F1P,W585C/&1Pbn2F_K792
G'79N�G',WNc2F1PAC-K]H2F/\-?/'_K7qBhA8,W1J795�/'58/'àx/&N.2JbÄ2F,t7�Q*AaOH/�B=7W1FA8/�2mßÇ,Wj$_KACV._Há�58/'B./'5½2J7WbFIHb'THú�N�2P_^A8b
b3/LG;2FA8,WNÆQE/ÎY^1F/Lb3/&Nc2Å/&5C/&àx/'Nc2PbÅ,Wjg2P_^/ÇG�,.N.2P1F,.5 -K7WbFA8bÅQE/x]KbF/xjk,W1\VW1J7WbFY^A8N^Vt7WNKOÆVW1P,.bPb
à�,W2FA8,WN�VW/&N^/'1J7=2PAC,.N�THrÆ/�795ab3,ÎOHAabPG�]KbPb*_^,=QòACNc2P/'1J7WG;2PAC,.NKbÄ-?/�2mQE/'/'N�1P,W-?,92%7WNKOæ_c]Kàx7WN
G'79Næ-?/\/�åHY^58,WAC2F/&Ot2P,�58/&7W1FNæ/'58/'àx/&N.2JbÄ,9j$2F_^/�G',WNc2F1P,W5�-K7.b3Aab&T

�§C�D ¨�M�P�Q���R�J¢©
rç/�79Y^Y^1P,.7.GJ_tV.1P7.b3YKACN^VÇ7.b%7ÇG',WNc2F1P,W5¦Y^1F,.-^58/'à õ >9ù�T�up1P7.b3Y�G�,.Nc2F1P,W585C/&1Pb�O^A8bFY^5a7WG�/�G�,WN^á
2P7WG�2Pbg,WNÎ2P_^/@bF]^1FjÓ7WG'/�,9j¦7WNÇ,W-Hãm/LG;26Q*AC2F_t]^N^IhN^,=Q*NÎV./',Wàx/'2F1Pß�bF,�7Wb62F,�OH/&bPG�/&NKOÎV.1P7.b3Y
/'1P1F,.1*jk]^NKG�2FA8,WNKb&T?ME2Å7ÎY^_hßHb3AaG'7W5¦58/'B./'5�<^2F_K/�VW1J7WbFY�G�,.N.2P1F,.5C58/'1%/�åH/&G']H2F/Lb%7[bF/'1PA8/&b*,Wjn1F/'á
VW1J7WbFYKb'T$ú�NÍ/&7WGJ_"G�,WNc2P1F,.5Eb32F/&Y�< 2F_^/æèKNKVW/'1Jb�G�58,.bF/t]^Nc2PAC5Ä2P_^/'ßÑ58A8VW_c2F58ßêàÎ79IW/�G�,.Nc2P7WG�2
Q*A¯2P_Î2F_^/p,W-^ãm/&G;2LT.âÄ_^/@VW1J7WbFYÇG�,.N.2P1F,.5C58/'16]Kb3/Lb�2J7WG;2PAC58/@bF/'N0b3,.16A8NHjk,W1PàÎ7=2FA8,WNx2P,�G',WàxY^]H2P/
G�,WNc2P1F,.5C58/'1*/&1F1P,W1*79N0Ot/&1F1P,W1*V.1P7.OHA8/'Nc2*Q*A¯2P_�1F/Lb3Y?/&G�2*2F,[G',WNc2P7.G;2�Y?,.bFA¯2PAC,.N�TKM*jï2P/'1@àx7WIcá
ACN^V[5CA8VW_c2@G',WNc2P7.G;2%Q*AC2F_�2P_^/�,.-Hãm/&G�2&<^2P_^/�G',WNc2F1P,W585C/&1�58A¯jï2Jb�2P_^/�G�,.Nc2P7WG�2Pb*,Weç2P_^/�,.-Hãm/&G�2
79NKOÑO^A8bFY^5a7WG�/Lb�2P_^/'à -cßê7çb3àÎ79585Ä79àx,W]^Nc2xG'795aG�]K58792F/&Oí]KbFACN^VÆ7iQ*1P/'NKGJ_^á�-K7.b3/LOÈ/'1P1F,.1
jk]^NKG;2PAC,.N�TKâÄ_^Aab*Y^1P,HG�/LbFbEAab�OH/'YKA8G�2F/&OæA8N�U A8VW]K1F/\ü^T

up1P7.b3Y^A8N^VtA8bpjk]^N0O^79àx/'Nc2J79585CßÉ7tà�]K5¯2PA¯á�,W-Hãm/LG;2PACB./�Y^1P,W-K5C/&àæT�âÄ_K/�V.,.7W5 ,WjgVW1J7WbFY^A8N^V
79Nx,W-Hãm/LG;2nà�]Kbm2g-0/*-K7W587WNKG�/LO�Q*A¯2P_x2P7WbFIcá�58/'B./'5H1P/&äc]^A81F/&àx/'Nc2Pb�G',WNKG'/'1PN^ACNKVp_K,=Qí2P_^/�,W-^á
ãm/&G;2*bF_^,W]^5aOÇ-?/pVW1J7WbFY0/LOÎ79NKOx2P_^/pIcA8N^/&àx792FAaG%,.YH2FA8àxACñL7=2PAC,.NKb6,Wj�2F_K/@_K7WNKOÇ7WNKO[7W1Fà�ThM
G�,WNc2P1F,.5¯á�-K7WbF/&Ox7WY^Y^1P,.7WGJ_x2P,�V.1P7.b3Y^A8N^V�G&79NÇ/L7WbFAC58ßx79NKO[ACNc2F]KA¯2PACB./'58ß�A8NKG',W1PY0,.1P792F/�à�]^5¯2PA¯á
Y^5C/*1P/&äc]^A81P/'àx/'Nc2Pb$58ACI./E2F_^Aab�-hß�G�,.NKG�]K1F1P/'Nc2F58ß�G�,.à�-^A8N^A8N^VÅG�,WNc2P1F,.5C58/'1Jb'Tqú�N�2F_^/Äjk,.5C58,=Q*A8N^V



SE°�°

2mQg,�bF]^-KbF/&G�2FA8,WNKb&<�QE/�Q*AC585W-^1PA8/�óKßÅOH/&bPG�1PA8-0/nG',WNc2F1P,W585C/&1Pb�]0b3/LO@A8N\VW1J7WbFY^A8N^V*79NKOÅ_K,=QÉ2P_^/'ß
G'79N�bP7=jk/'58ßÇ-?/�G�,.à�-^A8N^/&Ot2P,�jk]KNKG;2PAC,.N�G',WNKG']^1P1F/&N.2P5Cß.T

F$HuJ�L�M�HuN$ªlP@«�Q{��H	M¬¨�M�P�Q���R�J¢© âÄ_^/tVW1J7WbFYÈG',WNc2F1P,W5858/'1�7WY^Y^1P,.7WGJ_ÈAab�-07WbF/&OÈ,WNÑ7WN
/'1P1F,.1�jk]^NKG�2FA8,WNÇ2P_K7=2E_K7Wb6àxACN^A8àÎ7�A8N[G',WNHèKV.]^1J7=2FA8,WN0b�Q*_^/'1P/*2P_^/%jk,.1PG'/&bn2F_K792gQE,W]^5aOÎ-?/
79Y^Y^58A8/&OÆ-hß�jk1FAaG;2PAC,.N^58/&bPb\G�,WNc2J7WG;2JbÅ1F/Lb3]K5¯2�A8Nê7t58,=Q NK/�2�Q*1P/'NKGJ_�T�;h/'B./'1J795 1F/Lb3/L791JGJ_^/'1Jb
ACNKG'5C]0OHACNKVÅ4 ,.NKG�/põ ü.ü=ùH_K7qB./gG�,.N^N^/LG;2F/LO�58,=QÑN^/'23á�Q*1F/&NKGJ_�G',WNHèKV.]^1J7=2FA8,WN0b 7WNKO\jk,.1PG'/EG'5C,Wá
b3]^1P/WT9ë%/�26ñ&/'1P,@Q*1P/'N0GJ_�7WY^Y^58AC/LO�-hß�792n5C/L7Wb32 2F_^1P/'/Äjk1PA8G�2FA8,WN^58/&bPb�G�,.Nc2P7WG�2Pb Aabn7Åb3]��ÎG'AC/&Nc2
G�,WN0OHA¯2PAC,.N�jk,W1*jk,.1PG'/�G�58,.bF]^1P/pA8Ni79N�/&NhBcA81P,WN^àx/'Nc2�Q*AC2F_i7Îb32F1PA8G�2F58ßtY?,.bFAC2FA8BW/�G�,h/��ÎG'AC/&Nc2
,9j$jk1FAaG;2PAC,.NÆõ üWü9ù�T

âÄ_^/ÉV.1P7.b3YªG',WNc2F1P,W585C/&1[/&1F1P,W1æb3ßhNc2F_^/Lb3A8ñ'/LbÇ2P_^1P/'/ÉàÎ7WN^ACYK]^58792FA8,WNéG',WNc2F1P,W5p5a7qQ�b'ÿE7
jk,W1JG�/�á�-K7.b3/LOtG',WNc2P7.G;2*Y0,cb3AC2FA8,WN�G',WNc2F1P,W5½5a7qQ\<K7xàx,Wàx/'Nc2Fá�-K7.b3/LOtG',WNc2P7.G;2�Y?,.bFA¯2PAC,.N�G�,WN^á
2F1P,W5½5a7qQ\<^79NKO�7�IhACN^/&àÎ7=2FAaGÅG�,.NKOHAC2FA8,WN^A8N^VÎG�,.N.2P1F,.5½587qQ\T^âÄ_K/@jk,.1PG'/�á�-K7WbF/&OtG�,.N.2J7WG�2ÄY?,9á
b3AC2FA8,WNÈG�,.N.2P1F,.5 5a7qQ î�bV­z®�¯�°p±;ð%Aab\7tY0,W2F/'Nc2PA87W5 jk]^NKG;2PAC,.NÉ2P_K7=2\_K7.bp/&äc]^A85CA8-^1PA87tACNÈG�,.NHèKVWá
]^1P792FA8,WNKb%Q*_^/'1P/�jk1PAaG;2FA8,WNK5C/LbFb@G�,WNc2J7WG;2Jb�/'åh/&132@2F_^/�1P/�jk/'1P/'N0G�/�N^/'2%jk,.1PG'/WT�;hACàxA8587W1F58ßW<02F_K/
à�,.àx/'Nc23á�-K7WbF/&OtG�,.N.2J7WG�2EY?,.bFA¯2PAC,.NæG',WNc2F1P,W5�5a7qQ înb4²³®�²³±p´�µ3ðg_K7WbÄ/Läc]^AC58A8-^1FAa7�ACN�G�,.NHèKVW]^á
1P792FA8,WNKb Q*_^/&1F/Äjk1PAaG;2FA8,WNK5C/LbFbnG',WNc2P7.G;2Jb /�åH/'1F2nñ'/&1F,\N^/'2nàx,Wàx/'Nc2&TcU$ACNK7W5C58ßW<92F_^/�IhA8N^/'àÎ792FAaG
G�,WN0OHA¯2PAC,.N^A8N^ViG�,.NHèKVW]K1P792FA8,WNçG',WNc2F1P,W5�5a7qQ�înbV¶�· ´@±p²³¸�µ · ° ðp_K7.b\/&äc]^A858AC-^1PAa7tA8NÑG�,.NHèKV.]^1P79á
2FA8,WNKbÅQ*_^/&1F/�2F_K/�àÎ79ãm,W1\7=åHAab@,Wj62P_^/�èKN^VW/&1�� bpBW/&5C,HG�AC2mß�/'5858ACYKbF,WAaOçA8b\7W5CA8VWN^/LOiQ*AC2F_Æ2F_K/
G�,WNc2J7WG;2tN^,W1PàÎ795�TgâÄ_^Aab[,.YH2FA8àxACñ&/&b[2F_^/çàÎ79N^A8Y^]^5a7=2P,W1Çjk,.1tG',WNc2F1P,W585C/LOsOHAab3Y^5a7WG'/'àx/'Nc2Jb
2P79NKVW/'Nc2Ä2F,x2P_^/\,W-^ãm/&G;2�bF]^1FjÓ7WG�/.T

¹ �¢�º�»�»¼�½z����Lo¾ ¹ HjE��¢��M�HKP����¿LzHjFIHuÀÁ¼¦RnJ�RnJ�©ÂFIHKJ�L�M�HuN$ªlP@«�Q up1J7WbFYêG�,WNc2P1F,.5
587qQ�b½7W1F/nG',Wà�-KACN^/LOÅG�,WN0G�]^1P1F/&Nc2F58ß�-hß%Y^1P,9ãm/LG;2FA8N^V*bF,Wàx/nG�,.N.2P1F,.5=587qQ�b�ACNc2F,Ä2P_^/�Nh]^5858bFYK7WG'/
,9j ,92F_K/'1Jb'ÿ

bV¶�· ´@±p²³¸�µ · ° k b ²³®�²³±p´�µ k b ­�®�¯�°p±zÃ
âÄ_^A8b¦/�åHY^1P/&bPb3A8,WN\bF_^,W]K58OÅ1P/&7.O½ÿ�bV¶�· ´@±p²³¸�µ · ° bF]^-Hãm/&G�2�2F,Ab ²�®�²³±p´�µ bF]^-Hãm/&G�2�2F,<b ­�®�¯�°p± õ ücöqù�T
âÄ_^/º\FbF]^-Hãm/LG;2Î2P,|_êG�,.NKb32F1J79A8N.2ÎAab[bF_^,W1F2F_079NKO"jk,W1t7ÈY^1F,Wãm/&G�2FA8,WN�,9jÅ,WN^/iG',WNc2F1P,W5%587qQ
ACNc2F,[2F_^/�Nh]^5C5abFYK7WG'/�,9j67WN^,92P_^/'1LT0âÄ_^/�G�,.N.2P1F,.5C58/'1%Q*1FAC232P/'NÉ7W-0,=B./\Q*AC585 1F/LG�,WN^èKVW]^1P/Å2F_K/
àx7WN^A8Y^]^5a7=2F,.1$2F,p2F1Pß\2F,ÅàxA8N^ACàxA8ñ'/ÄN^/'2�jk,W1JG�/Ä7Wb�7%èK1Pb32�Y^1PAC,.1FAC2mßWTqú�j�Y0,cbFbFAC-K5C/.<LAC2nQ*A85C5^7W58bF,
2F1PßÅ2F,pà�A8N^A8àxACñ&/gN^/'2�à�,.àx/'Nc2&T=U$ACN079585Cß.<LAC2�Q*AC585h,WYH2PACàxA8ñ'/g2F_^/ÄIhA8N^/'àÎ7=2PA8GEG�,.NHèKV.]^1P792FA8,WN
Q*A¯2P_æ1P/&bFY?/&G;2Ä2P,x2F_^/\,.-Hãm/&G�2ÄQ*AC2F_K,W]H2%OHAabF1F]^Y^2FA8N^Vx2F_^/Åè01Pb32Ä2mQg,x,W-^ãm/&G;2PACB./&b&T

âÄ_^/=;H]^-Hãm/&G�23á�â¦,Î7WY^Y^1P,.7WGJ_ÇbF_^,.]^58Ot-?/ÅG',WNc2F1J7Wb32F/LOÎQ*AC2F_�7�O^AC1P/&G�2ÄG',Wà�-KACNK792FA8,WNt,9j
G�,WNc2P1F,.5½587qQ�b&THM�Y^Y^1P,.7.GJ_^/&bÄQ*_KA8GJ_�bFACàxY^58ß[bF]^Y0/&1FA8àxY0,cb3/�G',WNc2F1P,W5858/'1Jbg,.Nc2F,x/&7.GJ_t,W2F_^/&1
G'79NKN^,92xGJ_K791J7WG�2F/'1PA8ñ'/x2F_K/[-?/'_K7qBhA8,W1�,Wj*2F_^/æG�,.à�Y?,.bFAC2F/tG',WNc2F1P,W5858/'1�B./'1PßçQE/'585¤T$ú�j�2mQE,
G�,WNc2P1F,.5 5a7qQ�bp_K7qBW/�,WY^Y?,.bFA¯2P/�,.-Hãm/&G�2FA8BW/Lb%A8NÆG',WNHè0VW]^1J7=2PAC,.NÉb3Y07WG�/.<?2F_^/&ßiG�,W]K58OÆG'7WNKG�/&5
/&7WGJ_í,92F_K/'1Î79NKOíN^,Æ-0/&_K7qBhAC,.1tîk,.1xACNKG',W1P1F/LG;2�-0/&_K7qBhAC,.1Jð�Qg,.]^58OÑ1F/Lb3]^5C2&T ú�NÍG�,WNc2P1P7.bm2L<
2F_^/@Nc]K5C5ab3Y07WG�/p79Y^YK1F,c7WGJ_x/'NKbF]^1P/&bn2F_K792g,WNK/@G�,.Nc2F1P,W5^5a7qQsA8bgàÎ7=åHA8àx7W5C58ß�/�e�/&G;2PACB./%Q*_^A858/
,92F_K/'1JbÄYK791F2FAaG�A8YK7=2P/\b3]^-^ãm/&G;2Ä2P,x2F_^/ÅèK1Jb32&T

Ä ��HuNn�ÂO1H§Å¢�Æ¨�M�P�Q��¦RnJ�© rs_^AC58/É1P,W-?,92PA8G�V.1P7.b3YKACN^VÆ1P/&bF/&791JGJ_"2mßcYKA8G&79585CßÍ7WbPb3]^àx/Lb
2F_K792�è0N^VW/&132PACYKbx7W5C,.N^/tQ*A8585*-0/�]KbF/&Oí2F,ÆVW1J7WbFYÑ,W-^ãm/&G;2Jb'< N^,.NHá�èKN^VW/&132PACYÍG�,.N.2J7WG�2Pbx791P/
795ab3,xY?,.bPb3A8-^58/WTKUK,W1�/'åH7WàxY^5C/.<^Y?,92F/&Nc2FAa795¦G',WNc2P7.G;2�Y?,WA8N.2Jb*àÎ7qß[/'åhAab32�,WNæ2F_^/�YK7958à�<^2F_K/
b3AaOH/&b�,9j%2F_^/�791Pà�< ,.1�/'B./'Ní2F_^/æ_h]^àÎ79N^,.A8OÑGJ_K/&b32&T$rç/æ]KbF/Ç2F_K/[2P/'1PàÇ\3Q*_^,.5C/t-0,HOHß



Sg°�°�°

VW1J7WbFY	_x2F,t1F/'jk/'1@2F,æVW1J7WbFYKbÄ2P_K7=2\OH/'Y?/'N0OÉ,.NÉG�,.N.2J7WG�2Pb@,WNÉ7W1F-^AC2F1J791Pßæ_K79NKOÉ79NKOÉ-0,HOHß
b3]^1FjÓ7WG'/&b\õ ü^ý'ù�T

âÄ_^/\VW1J7WbFYtG',WNc2F1P,W585C/&1�79Y^YK1F,c7WGJ_tO^/&bPG�1PAC-?/&OæA8Nt2P_^Aab%bF/&G;2PAC,.N�G'79N�-?/\]KbF/&Ot2F,xjk,.1Fà
\3Q*_^,.5C/ç-0,HOHßsV.1P7.b3YKb^_Ñ7.btQE/'585Å7WbæVW1J7WbFYKbÇQ*AC2F_S2F_K/çàx,W1P/çG',WNhBW/&Nc2FA8,WNK7W5�èKN^V./'1F2FA8Y
b3]^1FjÓ7WG'/&b&Thú�NæY0791F2FAaG�]^5a791L<hQg/Å_K7qB./p7WY^Y^58AC/LO[2P_^/&bF/p2F/LGJ_^N^Aaä.]K/&bÄ2P,�/&NhBW/'58,WYKACN^V�VW1J7WbFY^A8N^V
Q*A¯2P_i2F_K/xë@MA;HM= =d�;Kf +*,.-0,.NK79]^2@_K7WNKOÉ7WNKOi791Pà�T½Dgß�]KbFA8N^VæG',WNc2P7.G;2Jb�,WNÉ2F_^/�YK7W5Cà
,9jE2F_^/x_K7WNKOÈ7WbÅA8N^Y^]H2\2P,�7�bF/�2\,WjEV.1P7.b3YÆG�,WNc2P1F,.5C58/'1Jb'<?QE/�_07qBW/x]KbF/&OÉ2F_^Aab�79YKY^1F,c7WGJ_
2F,�b3ßhNc2F_K/&bFACñ&/�/&NcB./'58,WY^A8N^VtVW1J7WbFYKb%,.Nç7æb3A8à�]K58792FA8,WNÉ,WjE+*,.-0,.NK79]^2&T��n58/'àx/'Nc2Jb@,Wj62P_^A8b
79Y^Y^1P,.7.GJ_[_K7qB./p7W58bF,x-0/&/'N�]KbF/&OtACN�+*,.-0,.NK79]^2Ä_0791JOHQE7W1F/pA8à�YK5Càx/'Nc2J7=2FA8,WN0b'T

âÄ_^/ê79-^A85CAC2mßs2P,ÍY0791J79àx/�2P/'1PACñ&/çV.1P7.b3YéG',WNc2F1P,W5858/'1Jb[Q*AC2F_ 791P-^AC2F1J791PßsG�,WNc2J7WG;2ibF]^1Fá
jÓ7WG�/Lb�VW1P/&792F58ßª/�åh2F/&NKO^b�2P_^/êNh]^à�-?/'1É,9jxY0,cbFbFAC-K5C/ÈVW1J7WbFY G�,WNc2P1F,.5C58/'1�A8NKbm2J79Nc2FAa7=2PAC,.NKb&T
+*/�á�YK791J79àx/'2F/'1PA8ñ'A8N^Vi2P_^/�VW1J7WbFYíG�,.N.2P1F,.5C58/'1�Q*AC2F_�OHA¯e�/'1P/'Nc2Î1P/&bF,W]^1JG�/Lb�AabÎ79Ní/'å^79àxY^58/
,9j�_^,=Q
2F_K/tG�,.Nc2F1P,W5n-K7.b3Aab�àÎ7WIW/&b�A¯2�Y0,cbFbFA8-^5C/Ç2F,i2P1P7WNKb3jk/'1�G',WNc2F1P,W56IcNK,=Q*5C/LOHVW/xjk1P,Wà
,WN^/\OH,.àx7WACNt2F,Ç7WN^,92P_^/'1LT

�§C}B ¨�M�HuQ�QtÈwHKL�R�HKJ�¨���J¢�`M�P%L�R�HKJ
X%ßhNK7Wà�AaG�G�,.5C58A8bFA8,WNí7qB.,WAaO^79NKG'/ÇAabx/&bPb3/&N.2PA87W56jk,.1xàx7WNhßê_^ACV._Há�5C/&BW/'5g2P7.b3IHb&T�U^,W1x/'åH7Wà�á
Y^5C/.<nVW1J7WbFY^A8N^VÈ79NKO"àÎ79N^A8Y^]^5a7=2PAC,.N"2J7WbFIHbx1F/Lä.]KAC1P/[2P_^/�1P,W-?,92x2F,ê1P/&7.GJ_í,W]^2ÇQ*A¯2P_ÍAC2Pb
/'NKOhá�/�e�/&G�2F,.1gA8N[,.1POH/&1n2P,�VW1J7WbFY[7WNÇ,W-Hãm/LG;2E,W1Eà�,=B./%79Nt,W-Hãm/LG;2EACNc2F,�7�YK7W132PA8G']^5a791ÄG�,WN^á
èKVW]^1J7=2PAC,.N�T0X@]^1PACNKVtbF]KGJ_É7Îàx,92PAC,.N�<�G�,W5858A8bFAC,.Ni7qBW,.A8O^7WNKG�/\_07Wb%2F,[-?/�/&NKbF]^1F/LO�jk,W1@2F_K/
/'Nc2FA81F/tàÎ79N^A8Y^]^5a7=2P,W1LT âÄ_^Aab�bF/&G�2FA8,WNêA8Nc2F1P,hO^]KG�/Lb�/&5C/&à�/&Nc2Pb�,Wj*2F_^/�G�,.Nc2F1P,W5n-K7.b3Aab�2F_K792
Y^1F,=BhAaOH/Ä2F_K/@G'7WYK79-KAC58A¯2mß�,9j½1P/&7W5¯á�2FA8àx/*à�,W2FA8,WNÇV./'N^/&1P792FA8,WNÎ79N0OÎG�,W5858A8bFAC,.NÎ7qBW,WAaO^7WNKG�/Äjk,.1
1F,.-0,W2Pb�Q*AC2F_çàÎ79Nhß�OH/'V.1F/&/&b�,Wj�jk1F/&/&OH,.à�<?bF]KGJ_É7.b�_h]^àÎ79N^,.A8Oi1F,.-0,W2Pb&T?DEß�G�,.à�-^A8N^A8N^V
2F_^/Lb3/�VW1P,.bPbÄà�,W2FA8,WNÉG',WNc2F1P,W5858/'1JbÄQ*A¯2P_i,92P_^/'1@/'58/'àx/'Nc2Pb@,9j 2P_^/�G',WNc2F1P,W5 -K7WbFA8b&<KbF]KGJ_É7.b
2F_^/\V.1P7.b3Y^A8N^VxG�,.N.2P1F,.5C58/'1ÄY^1P/&bF/'Nc2P/&Oæ79-?,=BW/W<c2J7WbFI.á�1P/'5a7=2F/LO[-?/'_07qBcA8,W1*G&79Næ-0/�G',Wà�-KACN^/LO
Q*A¯2P_�G',W585CAabFAC,.Næ7qB.,WAaO^79NKG'/WT

É ��P�N}¾ ¹ RnÀ¬��~fP%Lz�ÊÈwH»Å¢RnË��|P%L�R�HKJ âÄ_K/�G�,.àxY^]H2P792FA8,WNK7W5 G',WàxY^58/�åHA¯2mßt,9jn1P,W-?,92%àx,Wá
2FA8,WNÍY^587WN^N^A8N^VÈàx/�2F_K,hOKb�õ¯ý.<'ý�>K<FöHý'ùÄjk,W]^NKO"A8Ní2P_^/�5CAC2F/&1P792F]^1P/æA8bxV./'N^/&1P7W5C58ßÆ2F,h,È_^ACV._
2F,Î79585C,=Qsàx,W2FA8,WNæVW/'NK/'1J7=2FA8,WN[ACNæ_^A8VW_Há�OHA8à�/&NKbFAC,.NK795½G�,.NHèKV.]^1P792FA8,WN[bFYK7.G�/&bgjk,.1E1P/'58Aa79-^58/
à�,=B./'àx/'Nc2�A8NÑOHßhNK79àxAaGÎ/'NhBhA81F,.N^àx/'Nc2Pb&T�+*/&7.G;2PACB./Îà�,W2FA8,WNêV./'N^/&1P792FA8,WNÆà�/'2F_^,HO^b&<¦,.N
2F_^/�,92P_^/'1Å_K7WNKO½<�G'79NKN^,92\7WO^O^1F/LbFb%VW58,W-K7W5$G',WNKb32F1J79A8Nc2Pb@ACàxY?,.bF/&O�-hß�2F_K/�2J7WbFIÑõ¯ý�8Lù�<?7.b
2F_^/&ßÆ7W1F/ÇbF]KbPG�/'Y^2FA8-^5C/x2P,i58,hG&795nàxA8N^A8àx7KT¦rÆ/Ç_K7qB./ÇOH/'B./'58,WY?/&OÈ7�àx,92FA8,WNÈV./'N^/&1P792FA8,WN
à�/'2F_^,HO�2F_07=2nG�,.à�-^A8N^/&b$2P_^/*VW58,W-0795hY^1P,WY?/'1F2FA8/&b$,9j?à�,W2FA8,WN�Y^5a79N^N^/&1Pb Q*AC2F_�2P_^/Ä1F/L7WG;2PACB./
Y^1F,.Y0/&132PAC/Lb¦,Wj^5C,HG&795hàx/�2F_K,hOKb'<qQ*_^A85C/E7=2$2F_^/ÄbP79àx/n2PACàx/EY0,cbFbF/&bPb3A8N^V%2F_^/ÄG�,.à�YK]H2P792FA8,WNK7W5
/o�ÇG�A8/'NKG'ßi2P,�-0/Ç7WY^Y^58AC/LOÉ2P,�IhACN^/&àÎ7=2FAaG'7W5C58ßÉG',WàxY^58/�åç1P,W-?,92PA8GxbFßHbm2P/'àÎb'<�bF]KGJ_ê7WbÅ_h]Há
àx7WN^,WAaOt1F,.-0,W2Pb&T

âÄ_^/�/'5a7Wb32FAaG�b32F1PACYÇjk1P7Wà�/&Qg,.1FItõ ü9ù0Y?/'1Pà�AC2Pb62F_K/%1P/&795Cá�2FA8à�/%à�,HOHACè0G&7=2FA8,WNÎ,Wj¦7\Y^1P/'BhACá
,W]KbF5CßæY^5a79N^NK/&OiY07=2F_ÉACNi_KACV._Há�O^ACàx/'N0b3A8,WNK7W5 G',WNHèKV.]^1J7=2FA8,WNibFYK7.G�/&b&T0âÄ_K/�àx,HOHA¯è?G'7=2PAC,.N
2P79I./&bpA8N.2P,�7WG'G',W]^Nc2\7[B=7W1FA8/�2mß�,WjEG�,.NKb32F1J79A8N.2JbpACàxY?,.bF/&Oi,.NÉ2P_^/xàx,92FA8,WN¦T�âÄ_^/&bF/ÎG�,WN^á
bm2P1P7WACNc2Pb@G'7WNi-0/�A8à�Y?,.bF/&O�2F,�7qBW,WAaO�G�,.5C58A8bFA8,WNiQ*AC2F_çà�,=BhA8N^VÇ,.1@b32P7=2PAC,.NK791Pßæ,W-Kb32P7.G�58/&b&<
2F_^/&ßæG&79N�-0/�2F_^/�G',WNKbF/&äc]^/&NKG�/Å,Wj YK_cßHbFA8G&795½58ACàxAC2P792FA8,WNKb%,9j$2F_^/�àx/LGJ_K79N^AabFàìîk/.T V0TC<?7WG�á
2F]K792FA8,WNiG�,.NKb32F1J79A8N.2Jb'<HàÎ7WACNc2P7WACNKACN^VÎ-0795a79NKG'/Lð;<^2F_^/&ßtàxA8VW_c2�-0/�7�jk]^NKG�2FA8,WN�,9j 2P_^/\2P7.b3I
Y0/&13jk,.1Fàx/&O�Q*AC2F_Î2P_^/�/&NKOhá�/�e�/&G;2P,W1Jb'<W,W1�2P_^/'ßxG'7WNxbFA8à�YK5Cß�/�åHY^1P/&bPb�7\Y^1P/�jk/&1F1P/&O�Y0,cbm2P]^1P/
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2F,�à�A8N^A8àxACñ&/@Y?,=Qg/&1EG',WNKbF]^àxYH2PAC,.N[,W1g2F,�àÎ79I./�2F_K/@àx,92PAC,.Nt7WY^Y0/L791E_h]^àÎ79NHá�5CA8IW/.TcâÄ_K/
/'5a7Wb32FAaG\bm2P1FA8Yæjk1P7Wà�/&Qg,.1FItG'79Næ2P_c]0b�-?/�BhAC/&Qg/LOæ7.b�79N�7W]^VWàx/'Nc2J7=2FA8,WNt2F,tG�,WNhB./'Nc2FA8,WNK7W5
YK7=2P_æYK587WN^N^/'1Jb&<HY^1F,=BhAaOHA8N^V�2P_^/'à Q*A¯2P_æ2F_^/Å2P_^/�G'7WYK79-^A858A¯2mßÎ2P,x/�åH/&G']H2F/\bF,WY^_^Aab32FAaG'7=2P/&O½<
2P7WbFIcá�,.1FA8/'Nc2P/&OÎàx,92PAC,.N[jk,.1*àx/&GJ_K7WN^A8bFàÎbEQ*A¯2P_tàÎ79Nhß[O^/'VW1P/'/Lb6,Wj¦jk1P/'/LOH,Wà A8N�OHßhNK79àxAaG
/'NhBhAC1P,WN^àx/&N.2Jb'T�;h]^-Kb32P7WNc2FAa795 GJ_K79N^V./&b%ACN�2P_^/�/&NhBcA81P,WN^àx/'Nc2L<0_^,=QE/'B./'1L<KG'7WN�ACNhB=7958AaO^7=2P/
2F_^/*àx,92PAC,.N�7WNKO�YK1F/&BW/'Nc2 2F_K/EA8NKG'1F/&à�/&Nc2P795hYK792F_xàx,HOHA¯è?G'7=2PAC,.N�YK1F,HG�/LOH]^1P/6jk1P,Wà àÎ7WACNHá
2P79A8N^A8N^VÅ2F_K/%G�,.NKbm2P1P7WACNc2Jb'T=ú�NÇbF]KGJ_Î7�G'7.b3/*7ÅV.5C,.-K795^àx,W2FA8,WNxY^5a79N^N^/&1n_K7.b 2F,�-?/*A8NcB.,WI./&O
2F,ÇOH/'2F/'1PàxACNK/Å7�N^/&QSY07=2F_æ2P_K7=2%bP7=2PA8b3èK/&bÄ7W5C5�1P/&äc]^A81P/&O[G',WNKb32F1J79A8Nc2Pb&T

;c2P7W132PACN^VÉQ*A¯2P_ê2F_^/tYK7=2P_ÑVW/&N^/'1J7=2P/&OÈ-hßÈ7iVW58,W-0795nàx,92PAC,.NÑY^5a79N^NK/'1�2P,i-^1PACNKVi2F_K/
/'NKOhá�/�e�/&G�2F,.1ÇACNc2P,í7ÈY0,cb3AC2FA8,WNªO^/�2F/&1FàxA8N^/&O�-hßí2F_^/çVW1J7WbFY^ACNKVÈG',WNc2F1P,W5858/'1L< jk,W1Ç/'åH7Wà�á
Y^5C/.<?2F_^/x/'5a7Wb32FAaG�b32F1PA8Yijk1J79àx/'QE,W1PIæ7W]^VWàx/&N.2Jb�2P_^/x1F/&Y^1P/&bF/'Nc2P792FA8,WN�,9j62F_K792pYK792F_çQ*A¯2P_
79N�79Y^Y^1P,qåHACàÎ792FA8,WN[,Wj 2P_^/Åjk1P/'/ÅQg,.1FIHbFYK7WG'/pbF]^1P1F,.]^NKOHA8N^V�2F_K792�YK7=2P_�TKâÄ_^AabÄQE,W1PIhbFYK7.G�/
BW,W58]^àx/�G'7WNí-?/�BcA8/'QE/&OÍ7Wbx7ç2F]KN^N^/'5�2F_^1P,W]^V._íQ*_^AaGJ_"2F_^/�1P,W-?,92ÎAabxà�,=BhA8N^VKTV;hA8NKG'/
2F_^/�BW,.5C]^àx/�1F/&Y^1F/Lb3/&Nc2Pb*jk1P/'/�b3Y07WG�/.<?7WNhßtA8NKG�1P/'àx/&N.2J795$àx,hO^A¯è0G&7=2PAC,.Ni,9jn2P_^/�YK7=2P_i/'NHá
2FA81F/&5Cß[G',WNc2P7WACNKACN^V�2F_K/\1F,.-0,W2�� bÄà�,W2FA8,WNæACN0b3AaOH/p2F_K792�BW,.5C]^àx/pA8b�VW]K7W1P7WN.2P/'/LOx2F,Î-?/pjk1F/&/
,9jpG',W585CAabFAC,.N�T$âÄ_K/æ/&587.bm2PA8Gæb32F1PACY"jk1P7Wàx/'QE,W1PIÈ7WY^Y^58AC/Lb�/o�ÇG�A8/'Nc2ÇG�,.N.2P1F,.5gàx/'2F_^,HO^b�õCý�?9ù
2F,�b3/&5C/LG;2�7æàx,hO^A¯è0G&7=2PAC,.NÆG',WNKbFA8b32F/&Nc2pQ*AC2F_Æ2F_K/�A8àxY0,cb3/LOçG',WNKb32F1J79A8Nc2Pb&T½U^]^1F2F_^/&1Fàx,.1F/.<
A¯2�795858,=Q�b*jk,W1p2P_^/�7W]H2F,.àÎ7=2FAaG�b3]KbFY?/'NKbFAC,.NÉ,WjgOH/&bFA81P7W-^5C/.<0-K]H2\N^,92\G�1PA¯2PA8G&795 G�,.NKbm2P1P7WACNc2Jb
Q*_^/'N�2P_^/'ßiG',WNHó0A8G�2@Q*AC2F_ÉG',WNKb32F1J79A8Nc2Pb�Q*_K,.bF/�BhAC,.58792FA8,WN�QE,W]^5aO�58/&7WO�2F,[G&7=2P7.bm2P1F,.Y^_^AaG
jÓ79A85C]^1P/�õ ü9ù�T�U$ACV.]^1F/�þæbF_^,=Q�b%èKBW/�b3N079YKbF_^,92Jb%,Wjg7Ç_h]^àÎ7WN^,WAaO�èKV.]^1P/�Q*AC2F_çüWþtOH/&VW1P/'/Lb
,9j*jk1P/'/&O^,Wà�T âÄ_^/tACNKA¯2PA87W562P1P79ãm/&G;2P,W1PßÉAab�àx,HOHACèK/&OíACNÑ1P/&7W5¯á�2FA8àx/ÇOH]^1PACNKVÉ/�åH/LG�]H2PAC,.Nê,9j
2F_^/�àx,92PAC,.N�Q*_^AC58/�,W-0b3/&1FBhA8N^VÆ2F_^1P/'/iOHACe�/'1P/'Nc2[G�,.NKbm2P1P7WACNc2Jb'ÿ 2P_^/�,W-Kb32P7.G�58/W<�Q*_^AaGJ_�A8b
-0/&ACN^VÉ5C,=QE/'1P/&OÈOH]^1PA8N^V�2F_K/Çàx,92FA8,WN¦<¦Aab�7qBW,.A8O^/&O½<½2P_^/Ç,=B./'1J79585�-K795a79NKG'/Ç,9jÄ2P_^/Çàx/&GJ_Há
79N^Aab3à A8b\àÎ7WACNc2P7WACNK/&O½<�7WNKOç7Wàx,WN^V�79585 2F_K/ÎY0,cbFbFAC-K5C/xàx,92PAC,.NKb\G�,.NHjk,W1PàxACN^V�Q*AC2F_Æ2F_K/
Y^1F/&BhAC,.]Kb�1P/&äc]^A81F/&àx/'Nc2Pb&<�2P_^,.bF/Ç2P_K7=2x79Y^Y?/&7W1�_h]^àÎ79NHá�58ACI./[791P/ÇY^1P/�jk/&1F1P/&O½T ë�,W2F/[2F_K792
2F_^/�G',WàxY^58/�åHA¯2mß[,9j -^ACY?/&OK795½QÄ7958IcA8N^VxAabÄ-0/&ACN^VÎA8VWNK,W1P/&OtACNt2F_^Aab*/'åhY?/'1PA8à�/&Nc2&T

É ��P�N}¾ ¹ RnÀ¬�Í~AP%L��Î~qN�P�J�J¢R�J¢© fg,.Nc2F1P,W585C/&1Pb�jk1F,.à 2F_^/�G�,.Nc2F1P,W56-07WbFA8b&<�b3]KGJ_Í7Wb�2F_K/
VW1J7WbFY^ACNKVÆG',WNc2F1P,W585C/&1&< àÎ7qßêVW/&N^/'1J7=2P/�OH/&bFAC1P/&O"/'N0Ohá�/'e?/LG;2P,W1ÎY?,.bFA¯2PAC,.NKbxACNsbF_^,W1F2�2FA8à�/
ACNc2F/&1FB=7W58b&T��67WGJ_ÆOH/&bFA81F/LOÉY?,.bFA¯2PAC,.Nç1P/&äc]^A81P/&bÅ7[V.5C,.-K795 àx,92PAC,.NçV./'N^/&1P792FA8,WNç,WY?/'1J7=2FA8,WN¦T
âÄ_^A8bÅY?,.bF/&bÅ7æb3A8VWNKA¯è0G&79Nc2\GJ_K79585C/&N^VW/�2F,�/'åhAab32FA8N^Vtàx,W2FA8,WNÆY^587WN^N^/&1Pb&<�Q*_^A8GJ_ÆVW/&N^/'1J795858ß
/�åH_^A8-^A¯2\7Ç_KACV._çG�,.àxY^]H2P792FA8,WNK7W5$G',WàxY^58/�åHAC2mßtjk,.1@1P,W-?,92Jb%Q*AC2F_çàÎ79NhßiOH/'V.1F/&/&b%,9jnjk1P/'/'á
OH,Wà�T¦â ,�,=BW/&1PG',Wàx/�2P_^/&bF/Ç58ACàxAC2P792FA8,WNKb&<�Y^1P/&bF/'Nc2\jk,W1�/'BW/&NÆ2F_^/Îàx,.b32�/��ÎG'AC/&Nc2�VW58,W-K7W5
YK7=2P_ÇY^5a79N^N^/&1Pb&<WQE/�_K7qB./%OH/&BW/'58,WY?/&O�2P_^/@O^/&G�,.àxY0,cb3AC2FA8,WNHá�-K7.b3/LOxà�,W2FA8,WNÎY^5a79NKN^ACNKV�79Y^á
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Y^1F,c7WGJ_íõ öqù�T½ú�2\A8bp-K7.b3/LOi,.NÉ2P_^/Î7WbPb3]^àxYH2PAC,.Ni2P_K7=2\,WNK5Cßi7æb3àÎ7W5C5 Y?,W1F2FA8,WNÆ,9jn2P_^/�jk1F/&/
G�,WN^èKVW]^1J7=2PAC,.NÉbFYK7WG'/�Aabp1F/&5C/&Bq7WNc2@2P,tàx,92PAC,.NçYK587WN^N^A8N^V!Ï�5a791PVW/�Y?,W1F2FA8,WN0b@,Wj6AC2Å1P/'YK1F/'á
b3/&N.2EG�,WN^èKVW]^1J7=2PAC,.NKb�,Wj½2F_^/@1F,.-0,W2�2F_K792E791P/�N^,W26Y^_hßHb3AaG'7W5C58ßx7=232J79A8NK79-K5C/.<.791P/*,W-hBhA8,W]KbF5Cß
N^,92ÄYK791F2Ä,9j 7�1F/L7WbF,WNK7W-^5C/pb3,.5C]^2FA8,WNÉîk2F_^/Å1P,W-?,92gQ*1J79YKY^ACNKV�791P,W]KNKO[7�GJ_K79A81&<.jk,W1Ä/'åH7Wà�á
Y^5C/qð;<?,W1Å791P/\YK791F2@,Wj67Î5a791PVW/�bF/�2p,9j6bF5CA8VW_c2%B=791PAa7=2FA8,WN0b�,9jn1P/'58/'B=7WN.2pG�,WN^èKVW]^1J7=2PAC,.NKb&T^ú�N
,W1JOH/'1*2P,Ç-?/�79-^58/\2P,[OHACe?/&1F/&N.2PA8792F/�-?/�2mQE/'/&N�1F/&5C/&B=79Nc2@79N0O�AC1P1F/&5C/&B=79Nc2%G�,.NHèKVW]K1P792FA8,WNKb&<
ACNHjk,.1FàÎ792FA8,WNtjk1F,.à 2F_^/\QE,W1PIHb3Y07WG�/p_K7.bE2F,x-0/\/&àxY^5C,=ß./&O½T

X%/LG�,WàxY?,.bFA¯2PAC,.NHá�-K7WbF/&OÈàx,92PAC,.NÑY^5a79N^NKACN^VÈOHA8BhA8OH/Lb�2P_^/æ,=BW/'1J795856àx,W2FA8,WNÑY^5a79NKN^ACNKV
Y^1F,.-^58/'à�A8Nc2F,È2mQE,ÈbF]^-^YK1F,.-^5C/&àÎb'TnU$A81Pb32&<67È58,=QÄá�OHACàx/&NKb3A8,WN0795ÄY^1P,W-^58/'à�AabÇbF,W58BW/LOíA8N
2F_^/ÅQE,W1PIhbFYK7.G�/WT�;h]^-KbF/&äc]^/&Nc2F58ßx2F_^/Å1P/&bF]^5¯2PACNKV�bF,W58]H2FA8,WNtA8bE/'àxY^58,=ßW/LOÎ2P,�OH/'2F/&1FàxA8N^/p7WN
79NKbFQg/&1Å2F,�2P_^/Î,W1PACV.ACN0795�àx,92PAC,.NÆYK587WN^N^A8N^V�Y^1F,.-^58/'à�T¦âÄ_^/xèK1Jb32�bm2P/'YêG'7WNÆ-?/ÎBhAC/&Qg/LO
7Wb�AaOH/&N.2PA¯jkßhA8N^V�2P_^,.bF/Ç1P/'VWA8,WN0b\,9jÄ2F_K/[G�,.NHèKVW]K1P792FA8,WNêb3Y07WG�/Ç2F_K792�791P/Î-0/&5CA8/'B./&OÆ2P,É-?/
1F/&5C/&Bq7WNc2Î2F,ê2P_^/ÉV.ACB./'N�Y^1P,W-^58/'à�<n2P_h]KbÇ/&NK79-^58A8N^Vê2F_K/Éb3/LG�,.NKOsbm2P/'Y�2P,Ñ/'àxY^58,=ßí/���á
G�A8/'Nc2Î1F/L7WG;2PACB./[àx/�2P_^,HO^b�2F,êbF,W58BW/Ç2P_^/�_^A8VW_Há�OHA8à�/&NKbFAC,.NK795EY^1P,W-^58/'à�T ú�N"YK1F/&5CA8àxACNK7W1Fß
/�åHY0/&1FA8àx/'Nc2PbE2P_^/\àx,92PAC,.Nt,Wj$79Næ/'58/'B./'N�OH/'V.1F/&/�á�,9jïá�jk1F/&/&OH,.à�à�/LGJ_K79NKA8bFà ,WY?/'1J7=2PACNKV�A8N
7�à�]^5¯2PA¯á�1P,c,.à ACN0OH,h,W1E/'NhBhAC1P,WN^àx/&N.2ÄQ*AC2F_æà�,=BhA8N^V�,.-Kb32P7WG'5C/ÅG�,.]^5aOÇ-?/pV./'N^/&1P792F/LOÇb3/&Bcá
/'1J795H2PACàx/&b6Y0/&1gbF/&G',WNKO�õ öqù�TWâÄ_^Aab6bFACV.N^A¯è?G'79Nc2nA8NKG�1P/&7.b3/*A8NÎY?/'1Fjk,W1Pàx7WNKG�/*Aab 2P_^/%1P/&bF]^5C2n,9j
7�G',WNKbPG�A8,W]0bE2F1J7WOH/'á�,We�-?/�2mQE/'/&N�/o�ÇG�A8/'NKG'ßt7WNKOtG',WàxY^58/�2P/'N^/LbFb*7WNKO�7Wb*7xG�,.NKb3/Läc]^/'NKG'/
2F_^/�Y^1P,WY?,.bF/&O"79Y^YK1F,c7WGJ_íG&79N"jÓ79A85¤<�/&BW/'NÍACjp7ÆYK7=2P_�/�åHA8b32Pb&T ú�NÍ2F_^/Lb3/�G'7.b3/Lb'<�7Æàx,W1P/
G�,WàxY^]^2P7=2PAC,.NK795858ß[/�åHY?/'NKbFA8BW/ÅY^5a79N^N^A8N^VÎàx/�2P_^,HO�G'7WNt2P_^/'N�-?/�/&à�YK5C,=ß./&O[2F,ÇbF,W58BW/Å2F_K/
à�,W2FA8,WNæY^5a79N^N^A8N^VÎY^1P,W-K5C/&àæT

�§C�� Ð�¼¢LzP�RnJ�RnJ�©{FIHuJ�L�M�HuN:O1P�QzRnQt�<Nn��À]��J�L�QIÑ§M�HKÀÒ���¢À¬P�JvÓoJ�L��`M�P���LzRnHuJ

U^,W1�bF,Wàx/E2P7.b3IHb$A¯2�àxA8VW_c2�-0/*OHA��ÇG�]^5C2�2F,\OH/&BcAabF/E7WN�7WY^Y^1P,WY^1PA8792F/EG�,WNc2P1F,.5.-K7.b3Aab&T=ú�N�2P_^A8b
b3AC2F]K792FA8,WNêQE/ÎY^1P,WY?,.bF/x2F,�2P7WIW/Ç7.OHB=79Nc2P7WVW/Î,9j*_h]^àÎ79N^á�1P,W-?,92\A8N.2P/'1J7WG�2FA8,WN�T¦M _c]Kàx7WN
,WY?/'1J7=2F,.1�OH/&àx,WNKb32F1J7=2P/&b�7ÉYK791F2FAaG�]K587W1�-?/'_K7qBhA8,W1x79NKOêàÎ7.GJ_^ACNK/[58/&791PN^A8N^V�2P/&GJ_^N^Aaäc]^/&b
791P/*]Kb3/LO�2F,�/�åh2F1J7WG�267�G�,.N.2P1F,.5^Y?,W58A8G'ßWT.âÄ_KA8bgG�,WNc2P1F,.5^IhN^,=Q*5C/LOHVW/�G&79NÇbF]^-KbF/&äc]^/&N.2P5Cß�-?/
]Kb3/LOÇ7Wbg7\N^/&QªG�,WNc2P1F,.5C58/'1�A8NÎ2F_K/@G�,.Nc2F1P,W5K-07WbFA8b&T.âÄ_^Aab6bF/&G�2FA8,WN[O^/&bPG�1PAC-?/&bg7Åjk1P7Wàx/'QE,W1PI
jk,W1*58/&791PN^A8N^Vx]KbF/�jk]^5¦G',WNc2F1P,W5858/'1Jbn2P_K7=2�àÎ7qßÇ-?/\,92P_^/'1PQ*A8bF/\OHA��ÎG']^5C2*2F,ÎOH/&bFA8VWN�T

>@]^1@58/&7W1FNKACN^Vtjk1J79àx/'QE,W1PIæ792Å2F_^/�5C,=QE/&b32Å5C/&BW/'5 ,Wjn2F_^/ÎG',WNc2F1P,W5$_^A8/'1J791JGJ_cß�]H2PAC58A8ñ'/&b
2F_^/�G',Wà�-KACNK792FA8,WN�,9j�bF]^Y0/&1FBhAab3/LO[58/&7W1FNKACN^VxQ*AC2F_i7WN�7.G;2P,W1Fá�G'1FAC2FAaG@7W1PGJ_KA¯2P/&G;2P]^1P/@jk,.1�+*/�á
ACNHjk,.1PG'/'àx/'Nc2�a¦/&7W1FN^A8N^Vªî¤++a ð�TÄM%5Càx,cbm2t7W5C5p++a àx/'2F_^,HO^b[2F_K792[A8NKG�,.1FY?,W1J7=2P/�_c]Kàx7WN
ACN^YK]H2tOH,êbF,Æ-hßÑàx,HOHACjkßhACN^VÑ7Ô\FBq7W5C]K/tjk]KNKG;2PAC,.N	_È,WN^58ßW<g79NKO"/'à�-0/LO^OH/&OÍQ*AC2F_^A8N�2F_K/
Bq7W5C]K/*jk]^NKG�2FA8,WN[Aab67WNÎACàxY^58AaG�AC2g1P/'Y^1P/&bF/'Nc2P792FA8,WNx,9j½2P_^/%NK/'/&O^/&OÎG�,.Nc2F1P,W585C/&1&TWM@G;2P,W1Fá�G'1FAC2FAaG
à�/'2F_^,HO^b&<?,WN�2F_K/�,92P_^/'1@_K79NKO�<Kàx,HOHA¯jkß�bF/'YK7W1P792F/�O^792P7Çb32F1P]KG�2F]^1P/&bÄjk,.1�2P_^/�G',WNc2F1P,W585C/&1
îï2F_K/�\F7WG�2F,.1^_cðn79N0OÎ2F_K/\Bq7W5C]K/%jk]^N0G;2FA8,WNêîk2F_^/�\FG'1FAC2FAaG�_cð;THâÄ_^AabÄ,W-hBhA8792F/Lb62P_^/ÅN^/'/LOÇjk,.1*7
G�,.b32F58ß�bF/&7W1PGJ_�jk,W1 2P_^/�-?/&b323á�Bq7W5C]K/&Ox7WG�2FA8,WNx7=2n/&7.GJ_ÎG�,WNc2P1F,.5hG'ßHG�58/WTW`�,.1F/&,=BW/&1&<qb3/&YK791J7=2P/
O^7=2J7tb32F1P]KG;2P]^1P/&bp79585C,=Q 2P_^/�7.G;2P,W1@2F,[-?/xàx,hO^A¯èK/LOÉOHA81P/&G;2P5Cß�-hßib32P7WNKO^791JOibF]^Y?/'1PBcAabF/&O
5C/L791PN^ACNKVÇàx/�2F_K,hOKb'T��6bPb3/&Nc2FAa79585Cß.<H2F_^/x7WG�2F,.1�5C/L791PNKb*2P,[àxA8à�AaG\2P_^/�-?/'_07qBcA8,W1@,9j�AC2Pbpb3]Há
Y0/&1FBhAab3,.1n-^]H2*7WOqãm]0bm2Jbn2P_^A8bg-?/'_K7qBhA8,W1n]KbFA8N^V�AC2Pbg,=Q*NÎ/�åHY^58,W1J7=2P,W1Pß�7WG�2FA8,WNKb&T`;H/'/�õ ü`8qù0jk,.1
jk]^132P_^/'1@OH/�2J79A858b&T

M%b*79Nt/�å^79àxY^58/W<^U$A8VW]^1P/\÷�bF_^,=Q�bÄ7�b3/Lä.]K/'NKG'/p,Wj¦jk1J79àx/&bÄOH]K1FA8N^VÎ7�bFA8à�]^5a7=2P/&OtY0/&V
ACNKbF/'1F2FA8,WNÑ2P7WbFI�T rsAC2F_ÍN^,çACN^AC2FAa795*G',WNc2F1P,W5gIcNK,=Q*5C/LOHVW/[7W-0,.]H2�2F_^/t2P7.b3I�< 2F_^/�7WG�2F,W1�A8b
G�,WàxY^58/�2P/'58ßÎOH/'Y?/'NKO^/'Nc2E]KY0,.NÇ2F/&5C/&,WY?/'1J7=2PAC,.NÎACN^YK]H2gjk1P,Wà
2P_^/%_h]^àÎ79Næb3]KY0/&1FBhAab3,.1%îkBhAa7
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7[àx,W]0b3/qð;T�M*jï2P/'1�bF/'B./'1J795 2F1PA87W58b&<�_^,=Qg/&BW/&1&<02F_^/Î7.G;2F,.1Å_K7WbpV.792F_^/&1F/LOÉbF]%�ÇG�A8/'Nc2\ACN^jk,W1Fá
àx792FA8,WNtQ*A¯2P_[Q*_^AaGJ_Ç2P,�Y^1P,WY?,.bF/%]0b3/'jk]^5�7WG�2FA8,WNKb&T�;H_^,W1F2E-0791Jb6A8NÇ2P_^/pèKVW]^1P/@O^/'Y^AaG;2Ä2F_K/
/�e�/&G;2Jb�,9j*2F_K/&bF/æ7.G;2FA8,WN0b'< 7Wb�Y^1P,9ãm/&G�2F/LOÆjk,W1PQE7W1POÈA8NÑ2PACàx/æ-cßÈY^1P/&O^A8G�2FA8,WNÑ2P_^1P,W]^V._Ñ7
IcA8N^/&àx792FAaGÇàx,HOH/'5�T ú�Nê2F_K/t58/�jï2Pà�,cbm2�YK79NK/'5�< jk,.1�A8NKb32P79N0G�/W< 2F_K/t-K7W1Pb�ACN0OHA8G&7=2P/Ç2F,ç2F_K/
,WY?/'1J7=2F,.1*2F_07=2p2F_^/�5C/L791PN^ACNKV[b3ßHb32F/&à Q*A85C5$2P1P7WNKb35a7=2P/�79N0O�1F,W2P7=2P/\2F_K/�/&NKO�/�e�/&G�2F,.1%jk,.1
b3]KG&G�/LbFb3jk]^5^1P/�á�VW1J7WbFY�,9j?2F_K/*Y0/&VKT9ú�N�2F_KA8bnbPG�/&NK791PA8,K<L2F_^/�7.G;2P,W1�_K7.b N^,ÅIcNK,=Q*5C/LOHVW/Ä,9j?2F_K/
2P791PVW/'2nb358,92n79N0O�bF,ÅACàxàx/&O^A8792F/'58ß�79jï2F/&1n1F/'á�V.1P7.b3YtîkYK7WN^/'5^-?ð 2F_^/*58/&7W1FN^A8N^V\bFßhb32F/&àÖ\FY^1F,Wá
Y0,cb3/Lb�_æA8NKb3/&132PAC,.NÈACNc2F,�2P_^/Î1P/&G�/&Nc2F58ßÉBhA8bFAC2F/&OÆàxAaO^OH58/[b358,92LT¦M�àx,Wàx/'Nc2J791PßÉG�,.à�àÎ7WNKO
jk1F,.à 2F_K/%,WY?/'1J7=2P,W1�AabnbF]%�ÇG�A8/'Nc2n2F,�Y^]KbF_x2F_^/%bFßHbm2P/'à
ACNc2P,Å2F_^/�-07WbFACNÎ,Wj½79232P1P7.G;2FA8,WN�jk,.1
2F_^/Î]^YKY0/&1Å2P791PVW/'2ÇîkYK7WN^/'5nGLð;T¦U$A8NK79585Cß.<�2F_^/Î1PA8VW_c2Fàx,.b32ÅYK79N^/&5nb3_K,=Q�b\b3]KG&G�/LbFb3jk]^5nG�,.à�á
Y^5C/'2FA8,WNÆ,9jn2P_^/Îb3]K-Há¤2J7WbFIi7tbF_^,.132p2FA8àx/�5a7=2P/'1Å]^NKO^/'1Åjk]^585nG�,.N.2P1F,.5 -hß�2P_^/Î7WG�2F,W1LT�âÄ_^A8b
79Y^Y^1P,.7.GJ_Ç_K7.bg-?/'/&N[jk,.]^NKO[2F,x-?/p/'e?/LG;2PACB./@A8Næ7xbFACà�]^5a7=2F/LOÇY?/'VWá�A8NHá�_^,W58/%2J7WbFI�TcrÆ/\791P/
G�]^1P1F/&Nc2F58ß[7=2F2F/'àxYH2PACNKVÇ7�_0791JOHQE7W1F/@ACàxY^58/'àx/&N.2J7=2PAC,.Næ,.N[2P_^/e"%`É7WbPb*R�]^àÎ79NK,WAaO½T
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+*/'58/'B=79Nc2ÎY?/'1JG�/'Y^2F]K7W5*ACNHjk,.1FàÎ792FA8,WNÑ2P,çA8NHjk,.1Fà�1P,W-?,92ÎOH/LG�Aab3A8,WNÍàÎ79IhACNKVçAabÎG�1PA¯2PA8G&79585Cß
ACàxY?,W1F2P79Nc2@2F,æ1F,.-0,W2pG�,.Nc2F1P,W5�T0ú�NÉ2F_^/Çfg,WNc2F1P,W5$U^1J79àx/'QE,W1PI�<KY?/'1JG�/&YH2F]K7W5 ACNHjk,.1FàÎ792FA8,WN
A8b6Y^1F,HG'/&bPb3/LO�-hßx7Å_^AC/&1P7W1PGJ_hß�,Wj½Y0/&1PG'/'YH2P]K795^,.Y0/&1P792F,.1Pb$2P_K7=2gG',WàxY^1PA8bF/Ä2F_K/�Y0/&1PG'/'YH2P]K795
-K7WbFA8b&T�âÄ_^/Lb3/xY?/'1JG�/'Y^2F]K7W5�,WY?/'1J7=2F,.1Pb@/�åh2P1P7.G;2�G�,.N.2PACNh]^,.]KbpACN^jk,W1Pàx792FA8,WNçjk1F,.à bF/'NKbF,W1Jb
79NKOçACNÈbF,Wàx/ÎG'7WbF/&bpàÎ7=2JGJ_çAC2�79Vc79A8NKb32Å7æb3/'2�,9jg2P7WbFIcá�1P/'58/'B=7WN.2@jk/&792F]^1P/&b&T fg,WNc2FA8Nh]^,W]0b
O^7=2J7çàÎ7qßê-?/æjk/'/&O^-K7WGJIêjk,.1x5C,=QÄá�5C/&BW/&5EG',WNc2F1P,W585C/&1Pb�Q*_^A85C/iO^A8bPG�1P/�2P/tA8NHjk,W1PàÎ7=2PAC,.N"G'7WN
ACNHjk,.1Fà XA�gX<;cá�58/'BW/&5¦OH/LG�Aab3A8,WNæàÎ79IhACNKVKT

âÄ_^/�7WY^Y^1P,.7WGJ_æ2P,tbF/'NKbF,W1PßtYK1F,HG�/LbFbFA8N^VÇA8N�2F_^/�Y^1P,WY?,.bF/&Oæjk1J79àx/'QE,W1PI[Aabp-K7WbF/&O�,.N
2F_^/[7.bFbF]^àxYH2PAC,.Nç2P_K7=2�b3/&NKb3,.1�O^7=2J7iG'7WNÈY^1F,=BhAaOH/x/�åHY^1P/&bPb3A8BW/Î7WNKOÈ1F/&5C/&B=79Nc2�bm2J7=2P/ÎACNHá
jk,W1Pàx792FA8,WN�T M�IW/'ßÆäc]^/&b32FA8,WNÈA8NÑOH/&7W5CA8N^V�Q*AC2F_È2F_K/[G�,.à�YK5C/'åhAC2mßi,WjÄYK1F,HG�/LbFbFA8N^V�ACàÎ79V./
bm2P1F/L79àÎb\Aab�_^,=Q
2F,ijk,hG']Kb�,.N^/@� b�79232P/'Nc2FA8,WNê,.Nç2P_^/t7.b3Y?/&G�2Pb�,9jÄ2F_^/[ACàÎ79V./&b�2F_K792�791P/
1F/&5C/&Bq7WNc262F,�Y0/&13jk,.1FàxA8N^V�7�YK791F2FAaG�]K587W1n2P7.b3I�T%;hA8NKG�/pA¯2ÄAab6,Wjï2F/'NtACàxY?,.bPb3A8-^58/�2P,�/&b32P7W-^58A8bF_
7[bFàx7W5C5 bF/�2@,Wj6àx/&7WN^ACNKV9jk]^5$BhA8bF]K795 jk/&792F]^1P/&b%2F_07=2\791P/�1F/&5C/&B=79Nc2%2P,t7ÇB=7W1FA8/�2mßæ,9jn2J7WbFIHb
ACN",WY?/'Ní/&NhBcA81P,WN^àx/'Nc2Jb'< Qg/[jk/'/'5E2P_K7=2xA¯2xAab�A8àxY0,.132J79Nc2�2P,çNK,92�G',WàxàxA¯2c� � 
��n��
��n2P,
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YK791F2FAaG�]^5a791L< _^A8VW_Há�5C/&BW/&5EBhAab3]0795Ä,WY?/'1J7=2P,W1Jb'T$ú�NKb32F/&7.O½< ,W]^1Ç7WY^Y^1P,.7.GJ_ÑA8b�2P,Æ/&àxY^5C,=ßÑ7WN
7WO^7WYH2FA8BW/pY0/&1PG'/'YH2P]K795�bFßHbm2P/'à�2P_K7=2�V./'N^/&1P792F/&bgAC2PbÄ,=Q*NÇjk/L7=2P]^1F/LbÄ-hßÇG�,WàxY?,.bFACNKV�Y^1PA8à�á
A¯2PACB./Åjk/&7=2P]^1P/&bÄA8N.2P,x_^ACV._Há�5C/&BW/'5�jk/L7=2P]^1F/LbE2F_K792*2F_^/&N�b3/&1FB./p7.b*79N�ACNKY^]H2*2F,Ç7xG',WNc2F1P,W585C/&1
jk1F,.à 2F_^/�G',WNc2F1P,W5½-07WbFA8bÅõ ö�?^<Pö�9=ù�T

âÄ_^/ÄY^1FA8àxA¯2PACB./Ejk/&7=2P]^1P/&b$2F_07=2nQE/E]0b3/*791P/Ä5C,HG&795�<L,.1FA8/'Nc2P/&O½<97WNKO�7WY^Y?/&791J79N0G�/�á�-K7.b3/LO½T
>@1FA8/'Nc2F/LO�O^/'1PACB=7=2PACB./&b ,Wj�ö9XSuÅ79]KbPb3Aa79N�jk]^NKG�2FA8,WNKb6791P/E]0b3/LO�2P,pjk,W1Pà 7Åbm2P/'/&1P7W-^5C/Ä-K7.b3Aab&T
rç/�2F_^/&NiN^,W1PàÎ7958ACñ&/\jk/&792F]^1P/&b�jk,W1@,W1PAC/&N.2J7=2PAC,.N�,WN�2F_K/�A8àx7WVW/�YK587WN^/\2F,æ7WGJ_^A8/'B./\1F,W2P79á
2FA8,WNK7W5½ACNhB=791PA87WNKG�/xõ ü@>=ù�TH4n1PACàxAC2FA8BW/pjk/&792F]^1P/&b*7W1F/1� ��Û�� 
Ü�4Ï[7�B./&G�2F,W1*G',WNKbFA8b32FA8N^Vx,9j èK5C2F/'1
1F/Lb3Y?,WNKbF/&b%jk1P,WàôbF/'BW/&1P7W5$uÅ7W]KbFbFAa79NÉOH/&1FA8B=7=2PACB./�,WY?/'1J7=2P,W1Jb@792pà�]^5C2FA8Y^5C/xbPG'7958/&b&T�â¦/'åh/&58b
791P/�,.1FA8/'Nc2F/LOÉ-hßÉb32F/&/'1PACNKV[2P_^/Î1F/Lb3Y?,WN0b3/Lb@,Wjg2P_^/�èK1Jbm2�OH/&1FA8B=7=2FA8BW/x,.Y0/&1P792F,W1Jb&T�;hY07=2FAa795
G�,Wà�-^A8NK7=2PAC,.NKb\,9jE2F_K/&bF/ÇY^1PACàxAC2FA8BW/&b�G'79NÈ/'åhYK1F/LbFb\7�Q*AaOH/ÎB=791PA8/�2mßÉ,WjÄbF_K7WY0/[7WNKOç2F/'åcá
2F]^1P/@GJ_K7W1P7.G;2P/'1PA8b32FAaG'b�792gB=791PAC,.]KbnOH/&VW1P/'/Lbn,9j¦bFY?/&G�ACè0G'A¯2mß.T.rÆ/@G',WàxY0,cb3/�jk/&7=2P]^1P/&bn,.NÎ2F_K/
ACàÎ79V./ÅY^587WN^/\]KbFACNKVÎVW/',.àx/�2F1PAaG9<h2F,.Y0,.5C,.VWAaG'7W5¤<^G',WN=ãm]^N0G;2FA8BW/.<K79N0OæO^A8bÓãm]^NKG�2FA8BW/\1P/'5a7=2FA8,WN0b
-0/'2mQg/&/'Næjk/&792F]^1P/&b&T

âÄ_^/�b3/L791JGJ_êjk,W1ÇOHAabPG�1PACàxA8NK7=2PACN^Vçjk/&792F]^1P/&b�Aab�jk,HG�]KbF/&O",WN�bF7W5CA8/'Nc2x1F/&VWA8,WNKb�,Wj%2F_K/
ACàÎ79V./tYK587WN^/Æî¤b3]0GJ_"7Wb�1P/'V.AC,.NKb�G',WNc2P7WACN^A8N^VÆàÎ79NhßÈ/&OHV./&bJð�7WNKOíG',WNKb32F1P]KG;2Jbx7çDÄ7qßW/Lb
N^/�2ÄG�5a7WbPb3ACèK/'16jk,W1g/&b32FA8àx792FA8N^V�2P_^/@G',WNKO^A¯2PAC,.NK7950Y^1F,.-K79-KAC58A¯2PAC/Lbn,Wj½jk/&7=2P]^1P/&bnQ*AC2F_[1F/Lb3Y?/&G�2
2F,íA8àxY0,.132J79Nc2tBhAab3]0795@G&7=2P/'VW,.1FA8/&bÇ,W1tG'587.bFbF/&bÉõ ö@?=ù�TEâÄ_^/ÆOHAabFG'1FA8àxACNK792FA8BW/iY?,=QE/'1[,Wj�7
G�,WàxY?,.bFA¯2P/�jk/&792F]^1P/�A8bÇà�/L7WbF]^1P/&OÍACN�2P/'1PàÎbÎ,9jp2F_^/çZÅ,W58à�,.VW,.1F,=Bcá¡;hàxAC1PN^,9e�OHAabm2J79NKG'/
-0/'2mQg/&/'NÈ2mQE,iG�,WN0OHA¯2PAC,.NK795gOHA8b32F1PA8-^]H2FA8,WN0b�,9j�7�1J79NKO^,Wà B=7W1FAa79-^58/ÎVWA8BW/&NÆ2F_^/ÇB=7W5C]^/[,9j
2F_^AabEBq7W1FAa79-K5C/@]^NKOH/&1g2mQE,�G',WNKO^A¯2PAC,.NKb@õ ö|8qù�THâÄ_^AabE5C/L791PN^A8N^V�79YKY^1F,c7WGJ_ÇG&79Nt7W58bF,�-?/p]Kb3/LO
2F,Å7WG'äc]^A81P/6BhA8bF]K7W5Wjk/L7=2F]K1F/Lb¦2P_K7=2�OHAabFG'1FA8àxACN07=2F/gACàxY?,W1F2P7WN.2L<L2P7WbFI\OH/'Y?/'N0OH/'Nc2nG'792F/'V.,W1PAC/Lb
-cßt5C,h,.IcA8N^V�jk,W1�O^A8b32FA8NKG;2PACB./�OHACe?/&1F/&NKG�/LbÄACN�2P_^/\B=7958]^/\,9j ,W]^1*1P/&7.GJ_^A8N^VK<hVW1J7WbFY^A8N^VK<H7WNKO
àx7WN^A8Y^]^5a7=2FA8,WNæY?,W58A8G'AC/Lb'T

rç/�_K7qB./æ7W58bF,êOH/'àx,WN0bm2P1P792F/&OíACNsbFACà�]^5a7=2FA8,WNÍ7çèK1Pb32Çbm2P/'YÍ2F,=QÄ791JOÈ2P_^/�5C/L791PN^A8N^V
,9j�BhAab3]K7W5%jk/L7=2P]^1F/LbÇ2P_K7=2�791P/iA8NHjk,W1PàÎ7=2PACB./ijk,W1�7"VW1J7WbFYªG�,WNc2P1F,.5%Y^1P,HG�/&bPbÉõ ÷H<PüWø9ù�TEú�N
2F_^/Ç/'åHY0/&1FA8àx/'Nc2&<½2P_^/ÇG�,.Nc2F1P,W5nbFßhb32F/&à Aab\Y^1P/&bF/'Nc2F/LOÆQ*A¯2P_Ñ7�Bq7W1FA8/�2mßÉ,9jÄ,W-Hãm/LG;2Pb\2F_K792
791P/�2P,t-?/xVW1J7WbFY0/LOíîÓG'ßh5CA8NKOH/&1Pb&<½G�]^-?/&b&<�79NKOÉ2F1PAa79N^V.]^587W1@YK1FAab3àÎbp,9jEB=791PAC,.]Kb@bFA8ñ'/&bÅ7WNKO
,W1PAC/&N.2J7=2PAC,.N0ð;ThM�NtACàÎ79V./%,Wj½2F_^/Å,W-^ãm/&G;2EA8bÄb32F,.1F/LOÎ79NKOÇ2F_^/pVW1J7WbFYÇG�,.N.2P1F,.5C58/'1Jb67W1F/�2F_^/&N
/'N^Vc79VW/LO½T�âÄ_^/�2P7.b3Ií,9j%2P_^/�BhA8bF]K7W5Äjk/&7=2P]^1P/æ58/&7W1FNKACN^VÈbFßhb32F/&à�Aabx2F,ê7WG&äc]^AC1P/tjk/&7=2P]^1P/
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/�åHA8b32�Y^1PAC,.1E2F,Î7WG�2FA8N^VKT

ú�N�G',WNc2F1J7Wb32&<q_h]^àÎ79NKb�7W1F/ÄG'7WYK79-K5C/E,9j?1F,.-^]Kb32F58ß�Y^5a79N^N^A8N^V\79N0O�/'åh/LG�]H2PACNKVpV.1P7.b3Y0b�2P,
,W-Hãm/LG;2Pb�7W-0,.]H2nQ*_^AaGJ_�2P_^/'A81nIhN^,=Q*58/&OHV./gAab A8NKG�,.à�YK5C/'2F/WT.U^]^1F2F_^/&1Fàx,.1F/.<LAC2679YKY0/L791Jb$2F_K792



¨ S

VW1J7WbFY^ACNKV[bm2P1P792F/&VWA8/&b%7W1F/�7WG&ä.]KAC1P/&O�A8NKG�1P/'àx/&N.2J79585Cß�7.b@7Çjk]^NKG;2PAC,.Nç,Wjn/�åHY?/'1PAC/&NKG�/�Q*A¯2P_
OHA¯e�/'1P/'Nc2*,W-^ãm/&G;2Jb'THUK,W1Ä/�å^79àxY^58/W<H`iGqfE791F2mß � ����
�îKbm2P]KOHA8/&O[2F_^/ÅA8N^A¯2PA87W5½1F/L7WGJ_ÇàÎ7.OH/@-hß
ACNHjÓ7WNc2PbÄ2P,Ç7�bFY?,c,.N�587.OH/'NæQ*A¯2P_i79Y^YK5C/LbF7W]KG�/Îõ ö=þ9ù�T^âÄ_^/\ß.,W]^N^V./&b32EA8NHjÓ7WN.2Jb�în9xàx,.N.2P_KbJð
OH/'àx,WN0bm2P1P792F/&OÈ7WNÑ7958à�,cbm2c\F1F/'óK/�åHA8BW/z_æb32F1J7=2P/'V.ßiACNêQ*_KA8GJ_È2P_^/'ßÆVW1J7WbFY0/LOç2F_^/[bFY?,c,.N
Q*A¯2P_�2F_^/&AC1%O^,WàxACN079Nc2*_K79NKO�7WNKOæACàxàx/&OHAa7=2P/'58ßt-K1F,.]^VW_c2Ä2F_^/&AC1%_K79NKOt2P,x2F_^/&AC1�àx,.]H2F_�T
âÄ_^A8bxb32F1J7=2P/'VWßÈAabÎb3]0G'G�/LbFb3jk]^5ÄQ*_^/&NÑ2F_K/�bFY?,c,.NíAabxY^1P/&bF/'Nc2F/LOêQ*A¯2P_í2P_^/�-0,=Q*5Ä,Wj%2F_K/
b3Y?,h,WN�,.N\2F_K/62P_c]Kà�-xb3AaOH/6,Wj^2F_K/E_079NKO½<L-^]H2 jÓ7WAC5ab$Q*_^/'N�2F_^/Äb3Y?,h,WN�Aab$Y^1P/&bF/'Nc2F/LO\ACN�2F_K/
,WY^Y?,.bFA¯2P/%,.1FA8/'Nc2P792FA8,WN�T.ú�NÇ2P_^/@5a7=2F2F/&1EG&7WbF/W<92P_^/pACNHjÓ7WNc2PbEG�,W1P1P/&G;2P/&O�2P_^/'A81Äà�,=B./'àx/'Nc26-hß
/'AC2F_^/&1¦1P/'VW1J7WbFY^A8N^Vg2F_^/Eb3Y?,h,WNÅ,W1�1P,92J7=2PACN^VÄ2P_^/'A81¦_079NKOÅA8Nc2F,�79N�7qQ*IhQÄ791JO@G',WNHè0VW]^1J7=2PAC,.N�T
rsA¯2P_Ç79VW/.<=2F_K/�Y0,.5CAaG�ß�/'B.,W58BW/&b$2P,�79NÎ79Nc2PA8G'ACYK792F,.1Fß�1P/'V.1P7.b3YKACN^VÅb32F1J7=2F/&VWß�2F_K792nY^1F/LOHAaG;2Pb
Q*_^A8GJ_�7W1Fà�2P,Î]Kb3/\bF,�2F_K792�1F/&VW1J7WbFY^ACNKV�Aab*N^,92*N^/LG�/LbFbP791PßWT

rÆ/�ACNhB./&b32FA8V.7=2P/ 2F_^/Lb3/ è0NKOHA8N^V.b

grasp
w/preferred

hand

reward

transport
radial side 

to mouth

observe 
hand/spoon
relationship

switch hands rotate wrist

radial
grip?

observe
spoon

position

reward

transport
radial side 

to mouth

grasp

observe
spoon

position/orientation

left arm
reach

right arm
reach

transport
radial side 

to mouth

reward?

observe
spoon

position

grasp
w/preferred

hand

manipulate
spoon

Late
Correction

Strategy

Early
Correction

Strategy

Optimal
Strategy

Ñ³Rn©¢Czï»C 4n1P,.bFY0/LG;2PACB./�-0/&_K7qBhAC,.1�ACN�2F_^/E79Y^YK5C/LbF7W]KG�/
/�åHY0/&1FA8àx/'Nc2&T?X%,W232P/&O�58ACNK/&b@ACNKO^A8G&7=2F/�/�åHY^58,W1J7=2FA8,WN
79NKOæb3,.5CAaOæ5CA8N^/LbÄACNKO^A8G&7=2F/�7xOH/&BW/&5C,.Y^ACNKV�Y?,W58AaG�ßWT

-hß%A8àxY^58/'àx/'Nc2FA8N^V%7Ä1P,W-?,92¦7WN^,W58,WV.]^/
,WjH2F_^/EGJ_^AC5aO�b32F]KO^ßWTqMí1P,W-?,92¦à�]Kb32
V.1P7.b3YÅ79NÅ,W-^ãm/&G;2¦7WNKOÅA8NKb3/&132�AC2�A8N.2P,
7í1F/LG�/'Y^2P7WG'5C/.TgrÆ/É]0b3/È7ÑX<�6X=;
5a7qßW/&1½-K7WbF/&Op,WN\G'5C,cb3/LOhá�58,h,WYp1F/L7WGJ_
7WNKOpVW1J7WbFYpG',WNc2F1P,W585C/&1Pb&T'up1P,.bPb�à�,Wá
2PAC,.N�G�,WNc2P1F,.5C58/'1Jb?]Kb3/�_0791Pà�,.N^AaG YK7=2P_
Y^5a79NKN^ACNKV*ACN�G',WNHèKV.]^1J7=2FA8,WNÅbFYK7WG'/ÄõÜ8Lù
2P,æA8àxY^58/'àx/'Nc2�5a791PVW/�à�,=B./'àx/'Nc2Jb
,WjK2F_K/�791Pàxb$Q*_^A858/EYK1F,=BhAaOHACNKVpG',W5Cá
58A8bFA8,WN\7qBW,.A8O^7WNKG�/.T�U$ACN^/�àx,W2FA8,WN\G�,.NHá
2P1F,.5C58/'1Jb�ACàxY^58/'àx/&N.2�fE791F2F/&bFAa79Npà�,Wá
2PAC,.NKb�2F,%Y0/&13jk,.1FàSACN^AC2FAa795WY0,cb3AC2FA8,WNHá
A8N^VÑ,Wjp2P_^/i_K7WNKO^bÇjk,W1[V.1P7.b3YKACN^V0T
up1J7WbFY\G�,WNc2P1F,.5C58/'1Jb?]Kb3/nG',WNc2P7.G;2�Y?,9á
bFA¯2PAC,.Nª79NKO�NK,W1Pàx7W5�jk/&/&OH-K7.GJIÑ2P,
àxA8N^ACàxA8ñ'/�jk,.1PG'/n79NKOpàx,Wàx/&N.2�1P/&bFAaOhá
]K7W58bÆõ >=ù�<g1P/&bF]^5C2FA8N^VÑA8NSb32P7=2PA8G&79585Cß
b32P7W-^5C/pVW1J7WbFYKb&TWú�N�7WO^O^A¯2PAC,.N�<H7�BhA¯á
bF]K795�,.Y0/&1P792F,.1ÅGJ_0791J7WG;2P/'1PACñ&/&b@2F_K/
,.-Hãm/&G�2 7WNKO�Y^1P,=BhA8O^/&b Y0,cb3AC2FA8,WN�ACNHá
jk,.1FàÎ7=2PAC,.N[2P,�2F_^/�X<�6X=;æ587qß./'1LT

rÆ/�ACàxY^58/'àx/&N.2P/&O$ë%ápa�/L791PN^ACNKV
2P,çbF/'58/&G;2�Y0,.5CAaG�A8/&b�A8NÑ2F_K/tX<�6X=;
jk1J79àx/'QE,W1PI õ ü|9^<mþ0ýW<�ý.ý�ù�T:;hA8à�]^5a7=á
2PAC,.N\1F]^N0b½Qg/&1F/ Y?/'1Fjk,W1Pàx/&O@jk,W1¦bPG�/'á
NK7W1FA8,.b�Q*AC2F_�7WNKOpQ*A¯2P_^,W]^2 7t\FOH,.à�á
A8NK79Nc2�_K7WNKO�_^T=rÆ/*V.7qB./n2P_^/�79V./'Nc2

7�OH,.à�A8NK7WN.2E_K79N0OÇbm2P1P792F/&VWß�-cßÎYK1F/'2F1J79A8N^ACNKV�A¯2Ejk,W1gþ.ø.øÅ2F1PA87W58bgQ*AC2F_Ç2P_^/p,W-Hãm/LG;2E7W5CQÄ7qßHb
Y^1F/Lb3/&Nc2F/&OxA8Nx2F_K/@bP79àx/�,W1PA8/'Nc2P792FA8,WN�TWM�jï2F/&1gY^1P/�2P1P7WACNKACN^V0<=2F_K/%79V./'Nc26QÄ7Wbn7WNK7958,WV.,W]Kb$2P,
2F_^/�ß.,W]^NKVW/&b32%GJ_^A858O^1F/&NæA8N�2F_K/�GJ_^A858O�b32F]KO^ßWTKú�2@1F/L7WGJ_^/LOÇjk,.1*2F_^/�,W-Hãm/LG;2�Q*AC2F_i7ÇbFA8N^VW58/
_K79NKOÑQ*A¯2P_^,W]H2�1F/&V.7W1POÉjk,W1�2F_^/[BcAabF]K795EACNKY^]H2&T M%b�Q*AC2F_ê2P_^/tGJ_^A85aOH1F/&N�<¦AC2�à�]Kb32�58/&791PN
2F,�bF]^Y^YK1F/LbFbn2F_^/pOH,WàxA8NK79Nc2Eb32F1J7=2P/'V.ß�2F,�Y0/&13jk,.1Fà
,WY^2FA8àx7W5C58ßx,WN[O^Að�ÇG�]K5¯2g2F1PA87W58b&Tcë%/�åh2&<



¨ SE°

2F_^/%7WVW/&N.2gY0/&13jk,.1Fàx/&Ot>.øWøp2F1PAa795ab�Q*A¯2P_x2F_^/@,W-Hãm/LG;26YK1F/Lb3/&N.2P/&O�1J79NKOH,.àx5Cß�ACNÎ,.N^/�,9j�2mQE,
,W1PAC/&N.2J7=2PAC,.NKb'T

rs_^/'NÇ/'åHY0/&1FA8/'NKG'/%Aab658A8à�AC2F/LOÎ2P,�7�bFA8N^VW58/%,.-Hãm/&G�2g,W1PA8/'Nc2P792FA8,WN�<W2F_^/@1F,.-0,W2EOH/&BW/'58,WY0b
7ç1P/�ó0/�åHACB./æb32F1J7=2P/'V.ßÆA8N�Q*_^AaGJ_Í7Ê\FOH,.àxACNK7WNc2^_ç_K79NKO"AabÎ7958QE7qßHb�]Kb3/LOÑ2P,ÈVW1J7WbFYÑ2F_K/
,W-Hãm/LG;2&T0rs_^/'Ni2F_^/�,W-Hãm/LG;2%Aab�2P_^/'NÉY^1F/Lb3/&Nc2F/&OæA8Ni/'AC2F_K/'1%,.1FA8/'Nc2J7=2FA8,WNêî¤b3A8à�]^5a7=2PACNKVÇ2F_K/
G�,Wàxàx/'N0G�/'àx/&N.2Ä,9j¦2F_^/ÅA8NHjÓ79Nc2*/�åHY?/'1PACàx/'Nc2;ð;<c2F_^/Å1P,W-?,92Ä1F/Lb3Y?,WN0O^b6Q*AC2F_�7�à�ACåh2F]^1P/p,9j
OH,WàxA8NK79Nc2�79NKO�N^,WNHá�OH,.à�A8NK7WN.2 _K7WNKO�b32F1J7=2P/'VWA8/&b&TLrsA¯2P_�jk]^1F2F_K/'1�/�åHY?/'1PAC/&NKG�/.<Lb32F1J7=2P/'V.AC/Lb
1F/Lä.]KAC1PACNKVtG�,.1F1P/&G�2FA8,WN�V.ACB./�QÄ7qßt2P,Ç2P_^/xà�,cbm2p/o�ÇG�A8/'Nc2\bm2P1P792F/&VWß�7Wb%2F_^/�1P,W-?,92\G�,Wàx/Lb
2F,ÇOHAabFG',=BW/&162P_^/Åjk/&792F]^1P/&bE2P_K7=2%G&79YH2P]^1F/Å2P_^/\IW/&ßÇBhA8bF]K7W5�OHA¯e�/'1P/'N0G�/&bÄ-?/�2mQE/'/&Næ2F_^/Å2mQE,
G�,WN0OHA¯2PAC,.NKb&T

âÄ_^/Í\POH/'B./'58,WY^àx/&N.2J795E2F1J7=ãm/LG;2P,W1Pß�_i/�åH_^A8-^A¯2P/&OÍ-hßÈ2F_^/�àx,HOH/'5*AabÎbFACàxA8587W1�2P,Æ2F_K792
,W-KbF/'1PBW/LO�-hß�`iGqfE791F2mß � �4��
�îcME2�2F_^/%-0/&VWA8N^N^A8N^V\,9j?2F_^/*_0791JO�2P1FAa795ab Q*_^/&N�2P_^/�A8N^AC2FAa79585Cß
5C/L791PN^/&O"OH,WàxA8NK79Nc2Çbm2P1P792F/&VWßÆjÓ79A858b&< 2F_K/�7WVW/&N.2x58/&791PNKb�2F_K/æ5a7=2P/�G�,W1P1P/&G;2PAC,.Níb32F1J7=2F/&VWß.T
�nBW/&Nc2F]K7W5C58ßW<c2F_K/p1P,W-?,92*58/&7W1FNKbEQ*_K792*BcAabF]K795�A8NHjk,W1PàÎ7=2FA8,WNtA8bÄ1P/'58/'B=7WN.2E2F,�2P_^/Å2P7.b3IÇ7WNKO
OHA8bPG�,=B./'1Jbn2P_^/\,WY^2FA8àx7W5¦b32F1J7=2F/&VWß.T

á�C�� ��R��|M�P%M������vRnJv���<���
rs_^AC58/%Y?,W58AaG�A8/&b6jk,W16YK1F,cb3Y?/&G�2FA8BW/�Y^AaGJIcá�7WNKOhá�Y^5a7WG�/*-?/'_07qBcA8,W1gG'79N[-0/@5C/L791PN^/&OxA8N[7�bFA8N^VW58/
XA�gX<;�5a7qßW/'1L<LA¯2�Aab ,9jï2F/&N�]0b3/'jk]^5H2F,p]H2PAC58ACñ&/�7%_KAC/&1P7W1PGJ_hßÅ,9j?Y0,.5CAaG�A8/&b&T9U^,.1$/'å^79àxY^58/W<=Y^AaGJIcá
79NKOhá�Y^5a7WG'/@G�,.Nc2F1P,W5?IcNK,=Q*5C/LOHVW/%G&79Nt-0/p]KbF/�jk]^5½A8Nt7�Bq7W1FA8/�2mßx,Wj OHACe?/&1F/&N.2ÄàÎ79N^A8Y^]^5a7=2PAC,.N
2P7WbFIHb'T?ú�j62P_^/�Y^A8GJIcá�79NKOHá�Y^5a7WG'/�IhN^,=Q*58/&OHV./�79581P/&7WO^ßt/'åhAab32PbÅ7=2p,WN^/�5C/&BW/&5 ,Wjn2F_^/xX<�6X=;
_^AC/&1P7W1PGJ_hß.<.2P_^/'N�AC2%G'7WNt-?/\]KbF/&O�7=2*_^A8VW_^/&1*5C/&BW/&58b*7.b*7�bFA8N^VW58/W<^792F,WàxAaGÅ7WG;2PAC,.N�T

M�N^,W2F_^/&1g2mßhY?/Å,9j$G',WNc2F1P,W5�IhN^,=Q*58/&OHV./%2P_K7=2*AabÄ]KbF/�jk]^5�792Ä_KACV._t58/'B./'5abgA8Nt2F_^/\X<�6X=;
_^AC/&1P7W1PGJ_hßxAabgY?/'1JG�/&YH2F]0795½58,hG&7958ACñL7=2PAC,.N[79NKO[2F1J7WGJIhA8N^VKTh`i7WNcßx2J7WbFIHb61P/&äc]^A81F/Å7�1F,.-0,W2g2P,
BcAabF]K79585Cßç5C,HG&7=2F/Ç7WNKOêGJ_K7W1P7.G;2F/&1FA8ñ'/xY?/',.Y^5C/.<�,92P_^/'1�1F,.-0,W2Pb&<�,W-0bm2J7WG�58/&b&<�79N0OÈVW1J7WbFYK79-^58/
,W-Hãm/LG;2PbÅA8Nç2F_^/Î/&NcBhA81F,.N^àx/'Nc2&T½M@bÅQ*A¯2P_ÆYKA8GJIcá�79NKOhá�Y^5a7WG'/�G',WNc2F1P,W5$IhN^,=Q*5C/LOHVW/.<½G�,WNc2P1F,.5
Y0,.5CAaG�A8/&b�jk,W1*2P1P7.GJIcA8N^VÎ79N0O�5C,HG'7W5CA8ñ&792FA8,WN�G'7WN�-0/�58/&7W1FNK/&Oæ,W1�/&NKG�,HOH/LO�7=2%58,=Qò5C/&BW/'5ab*A8N
2F_^/�X<�6X=;t_^AC/&1P7W1PGJ_hßÇ7WNKO[]0b3/LOt-hßÇ_KACV._^/'1*58/'B./'5ab'T

4 /'1JG�/'Y^2F]K7W5h2F1J7WGJIhACNKV�79NKOx58,HG'7958A8ñ&7=2PAC,.NÎG'79Nx-?/@OHA��ÇG�]^5C26-?/&G&79]KbF/*2F_K/�5CA8àxA¯2P/&OÇbF]^YHá
Y^5Cßí,9jpbF/'N0b3,.1�1P/&bF,W]K1PG'/&b�79NKOíY^1F,HG'/&bPb3A8N^Vç2FA8à�/�àÎ79I./&bxOH/LG�AaOHACNKVÆQ*_KA8GJ_ÍY0/&1PG'/'YH2P]K795
,WY?/'1J7=2F,.1Pb 2P,\]Kb3/�7ÅOHA��ÇG�]^5C2gOH/LG�Aab3A8,WN�àÎ79IhA8N^VÅY^1F,.-^58/'à�TWX@/&G�AabFAC,.NKb�G�,.NKG�/&1FN^A8N^VÅQ*_^AaGJ_
Y0/&1PG'/'YH2P]K795g,WY?/'1J7=2F,.1Pb@2P,i]KbF/ÎVW1P/&7=2P5CßçACN^óK]^/'N0G�/&b�2F_^/tb3ßHb32F/'à�� b�bF]KG'G'/&bPb\ACNê58,HG'792FA8N^V
79NKOi2F1J7WGJIhACNKV[b3A8VWNKA¯è0G&79Nc2Å/'BW/&Nc2Pb&T?UK,W1p/�å^79àxY^58/W<½bFY0/&NKOHA8N^Væ7t58,92Å,9jn2PACàx/�/�åh2F1J7WG�2FA8N^V
G�,WàxY^58/�åxjk/L7=2F]K1F/Lb�jk1P,Wà 7\jÓ7.bm2Eà�,=BhA8N^V�,.-Hãm/&G�2EG�,.]^5aOÇG'7W]Kb3/�2F_^/Åb3ßHb32F/&à 2P,�58,.bF/*2F1J7WGJI
,9j%2P_^/�,W-Hãm/LG;2LTnâÄ_^A8bÎO^/&G�AabFAC,.NíY^1P,W-^58/'à G'79N"-0/�bF,W58BW/LOÑ-hßí7çY0,.5CAaG�ßÑA8N"2F_^/�X<�6X=;
jk1P7Wà�/&Qg,.1FI�THâÄ_^/Å2P1P7.GJIcA8N^VxY?,W58A8G'ß[]H2PAC58ACñ&/&b*Y?/'1JG�/&YH2F]0795½jk/L7=2F]K1F/Lb*b3Y?/&G'A¯è0G&79585Cßt1F/&5C/&B=79Nc2
2F,x2F1J7WGJIhA8N^Vx79NKOt]KbF/&bE2F_KA8b*A8NHjk,.1FàÎ7=2PAC,.N[2P,ÇG�,.N.2P1F,.5?2F_^/�G&79àx/'1J7^T

XA�gX<;[Y0,.5CAaG�A8/&bEjk,.1E2F1J7WGJIhACNKV�7WNKOÇ58,HG'7958A8ñ&7=2PAC,.Nt7W1F/p/'à�-0/LO^OH/&OæA8NæU079]^5C2@fg,WNc2P7WACN^á
à�/&Nc2l"�N^AC2Pbpî�f:"@bPð�Thf:"@b6791P/�7�bF,9jï2mQÄ791P/Ä/'N^V.ACN^/&/'1PACNKV�791JGJ_^A¯2P/&G�2F]^1P/Äjk,W1nàx,HOH]^5a791PA8ñ'A8N^V
1F,.-^]Kb32njk]^NKG�2FA8,WNK7W5CAC2mß�õ þWù�T.ú�NÎ2F_^AabEG'7WbF/W<hf:"%bgACàxY^58/'àx/'Nc2ÄXA�gX<;xY?,W58AaG�A8/&b6jk,W161P,W-K]Kbm2P5Cß
2F1J7WGJIhACNKV�7WNKO[58,HG'7W5CA8ñ'A8N^V�BcAabF]K795½,.1Ä7W]KOHAC2F,.1FßÎA8NHjk,W1PàÎ7=2PAC,.N�T�"%bFACNKVÇf:"@b*G�58/&7W1F58ßÇb3Y?/&G'A¯á
èK/&bE2P_^/�b3ßHb32F/&à 1P/&äc]^A81F/&à�/&Nc2Pbgjk,W1*/L7WGJ_æ5C/&BW/'5½A8Næ2F_^/�X<�6X=;t_^A8/'1J791JGJ_cß.T

f:"%bÇ1P/&bFY?,WNKbFAC-K5C/�jk,.1[V.792F_^/&1FA8N^VêY?/'1JG�/&YH2F]K7W5%A8NHjk,W1PàÎ7=2PAC,.NÍ,.Y0/&1P792F/É792tOHACe?/&1F/&Nc2
5C/&BW/'5abÅA8Nç2P_^/ÇX<�6X=;É_KAC/&1P7W1PGJ_hßWT½ME2\2P_^/Î5C,=QE/&b32\5C/&BW/&5¤< f:"@b�791P/�àÎ7.OH/Î]^YÈ,9jÄ,WN^/x,.1
à�,.1F/ÄG�,.Nc2F1P,W5hY0,.5CAaG�A8/&b 2P_K7=2nG�,h,.1POHA8NK792F/g2F_^/Ä-?/'_K7qBhA8,W1 ,9j07pYK7W132PA8G']^5a791 b3/'2 ,Wj01P/&bF,W]^1JG�/Lb



¨ SE°�°

        CU 
SUPERVISOR

φs φ
f f

φ

X0

X1XX 1X

TRACK

        CU 
SUPERVISOR

φs φ
f f

φ

X0

X1XX 1X

TRACK

        CU 
SUPERVISOR

LOCALIZE

        CU 
SUPERVISOR

REACH

        CU 
SUPERVISOR

GRASP	

        CU 
SUPERVISOR

ACQUIRE

LOC REACH GRASP

T/U�W Â�ñKÂ � � ¢ � � �c���P|3y'|m�3�=~
�¯�\�.���J�\� � }m� �c£ �¯{=�Jy&����ÌJ�L��|m�;y'�F�K�
y �h¡Å£ |3y&�����a� � �P}m��{ � y&����}�~=®q�6|�|m{;Ën�
�H{L� � }m� �.£ �.� ¡ �J���P|m��zH�$}m�.� �cy'}m��{&�
� � �a{'|m��y'}m��{ � |m�J�H{&|�}m� ¡ z=~s� � �J®
¥ �c�E� �í� �c�H�F|m�W����{'| ���\�c���J�\� � }m�
}m�c��� � � ¢ � � �\{ ¡ �P�k®½¥ �c�xy�|�¹
|m{�Ën���H{&� � }m� �.£Í¡ {�Ë � �8|m{&� � �
� �c�H�F|m�W����{'|m��� �h¡ ���;y'}m�J��}m�c�Ç�cy'}m�
{&���J{&�\��y �h¡ � � �8{&|m��y�}m�¯{ � ®

2F,ÉbF/'1PBhA8G'/[7�Y^1PACàxAC2FA8BW/[A8NHjk,.1FàÎ7=2PAC,.NÈ1F/Lä.]K/&b32&T UK,W1�/�å^79àxY^58/W<$7�2F1J7WGJIhA8N^VÉf:" àxACV._c2
bF7.G'G'7.OH/Å2F,tACNc2P/'1P/&b32FA8N^VÎY0/&1PG'/'YH2P]K795$/'B./'Nc2Pb&TKú�jn7tb3/&NKb3,.1*jÓ79A85ab'<K2F_^/Îf:" bF/'58/&G;2Jb%7ÎNK/'Q
b3/&NKb3,.1n2P,�Y^1P,=BhA8OH/�2F_^/ÅbF7Wàx/�2mßhY0/@,9j�A8NHjk,W1PàÎ7=2PAC,.N[79NKOÇACNHjk,.1FàÎb62F_^/ÅG�58A8/'Nc2gY^1P,HG�/LbFb6,9j
2F_^/Å/'1P1P,W1LThf:"%bÄ792E_^A8VW_K/'1E5C/&BW/'5abÄ7WG&G�,WàxY^58Aab3_Î2P_^/'A81Ä,W-Hãm/LG;2PACB./&bg-cßÎ]0b3A8N^Vxb3]^-?,W1JOHA8NK7=2P/
f:"%bn7.b 1F/Lb3,.]^1PG'/&b¦2F,�OH,p2P_^/*N^/&G'/&bPbF7W1Fß�bF]^-H2J7WbFIHb'T9UK,W1�/�å^7Wà�YK5C/.<97@58,HG'7W5CA8ñ'/%f:"�àxACV._c2
ACNKb32P7WNc2FAa7=2F/E7=2$5C/L7Wb32¦2mQE,*2F1J7WGJIhA8N^Vpf:"%b¦2F,%jk,W1Pà 7�BhAC1F2F]0795.b32F/&1F/&,%YK7WAC1$79NKO\2F1PA87WN^VW]^5a7=2P/
,WNt2F_^/�bF]^-Hãm/LG;2&T

4nAaGJI.á�79N0Ohá�YK587.G�/çG',WNc2F1P,W5ÅIhN^,=Q*58/&OHV./ÆG&79NS-0/ÑG',Wà�-KACN^/LOéQ*AC2F_ 58,HG'7958A8ñ&7=2PAC,.NS7WNKO
2F1J7WGJIhACNKVÆG',WNc2F1P,W5ÄY?,W58A8G'AC/LbxACN�7Èb3A8N^VW58/�XA�gX<;"àx,HOH/'5�TnU$ACV.]^1P/�÷^T üÆbF_^,=Q�b�,WN^/�bF]KGJ_
_^AC/&1P7W1PGJ_hß.TcDEßÇG�,.à�-^A8N^A8N^VÇf:"%bEjk,W1Ä58,HG'7958A8ñ&7=2PAC,.N�<h1F/L7WGJ_^A8N^V0<c7WNKO[V.1P7.b3YKACN^V0<W2P_^/Å1F,.-0,W2
A8b@1F/'á�]0b3A8N^VÇA8àxY0,.132J79Nc2pG',WNc2F1P,W5 IcNK,=Q*5C/LOHVW/�A8NÉ/L7WGJ_�,Wj�2F_^/Lb3/�ACNKO^/'Y?/'NKOH/&Nc2\O^,WàÎ79A8NKb&T
âÄ_^/É7WG&äc]^AC1P/Éf:"ôG'7WNª7WbPb3,HG'A8792F/�ACN^jk,W1Pàx792FA8,WN�1P/�2F]K1FN^/LOÍ-cßí2F_^/ç5C,HG&7958ACñ&/çf:"�Q*A¯2P_
1F/Lb3,.]^1PG'/%OH/LG�Aab3A8,WNKbEA8NtbF]^-KbF/&äc]^/&N.2Ä1P/&7WGJ_t79NKO[VW1J7WbFYx2P7WbFIHb'ThU^,.1Ä/�å^79àxY^58/W<HbPG'7958/�jk/&/&Ohá
-K7WGJI[jk1F,.à 2F_K/�5C,HG&7958ACñ&/�f:" G'7WNæA8NHjk,.1Fà�7�2F_^/�7WG'äc]^A81P/�f:" 1F/&V.7W1POHA8N^V�VW,h,HO�GJ_^,WAaG�/Lb
jk,W1*1P/&7WGJ_æ79NKOæV.1P7.b3YæG�,WNc2P1F,.5C58/'1Jb'T

ò ,çÚg×%Ý�.3ÜA£hÞmÚ6×

M�]H2P,WN^,.à�,.]Kb�G�,.Nc2F1P,W5H,9j�_h]^àÎ79N^,.A8OKb 1F,.-0,W2Pb A8N�,.Y0/&N�/&NhBcA81P,WN^àx/'Nc2Jb A8bn7WN�A8àxY0,.132J79Nc2&<
-^]H2�/&5C]KbFA8BW/Î,W-^ãm/&G;2PACB./WT�M%5¯2P_^,W]^V._Èàx7.GJ_^A8N^/Î5C/L791PN^A8N^V�à�/'2F_^,HO^b�79Y^YK5CAaG'7W-^5C/x2P,�1F,.-0,W2
G�,WNc2P1F,.5 /'åhAab32&<?2F_^/&1F/x791P/�jk/&Q /�å^7Wà�YK5C/Lb%,Wjg79]H2P,WN^,.àx,W]Kbpb3ßHb32F/&àxb@2P_K7=2\791P/�N^,W2pYK1F,Wá
VW1J79àxàx/&OÉjk,W1�B./'1PßçbFY0/LG�ACè0GÎb3AC2F]07=2FA8,WN0b'T¦âÄ_K/'1P/Ç791P/xbF/'B./'1J795�1P/&7.b3,.NKb@jk,W1\2P_^A8b&T U$A81Pb32&<
ACN�]^N0bm2P1F]KG�2F]^1P/&O�O^,WàÎ79A8NKb&<^A¯2pA8b@OHA��ÎG']^5C2�2F,[bFY?/&G�ACjkßt2P7WbFIæ,W-Hãm/LG;2FA8BW/Lb�7=2%7WNi79-Kb32F1J7WG�2
5C/&BW/'5g,W1�1F/'á�]KbF/[G',WNc2F1P,W5gIcNK,=Q*5C/LOHVW/.T M�NK,92F_K/'1�YK1F,.-^5C/&à A8b�2F_^/[jk]^NKO^7Wàx/'Nc2P7W5gà�]^5¯2PA¯á
,W-Hãm/LG;2FA8BW/tNK7=2P]^1P/t,Wj�1F,.-0,W2xG',WNc2F1P,W5�T UK,W1�/�å^79àxY^58/W< Q*_^A85C/�7=2F2F/&à�Y^2FA8N^VÉ2P,çV.1P7.b3YÑ7WN
,W-Hãm/LG;2�Q*AC2F_Ñ7�1P,W-?,92�_K7WNKO½<�AC2�Aab�,9jï2P/'NÈN^/LG�/&bPbP791Pß�jk,W1\2P_^/[7W1Fà�<½_K7WNKO½< 7WNKOçèKN^V./'1Jb
2F,Ç7qBW,.A8O[,W-Kb32P7.G�58/&b&Thú�N�7.O^OHAC2FA8,WN�<KA¯2�AabÄ,9jï2P/'N�OHA��ÎG']^5C2�jk,W1Ä2P_^/�b3ßHb32F/&à 2F,Ç7.G'äc]^A81F/p2F_K/
Y0/&1PG'/'YH2P]K795�A8NHjk,W1PàÎ7=2PAC,.NçN^/LG�/LbFbP791Pßæ2F,�7WOH/Läc]K7=2P/'58ßib3,.5CB./�7t2P7.b3I�T�ó@A8bF]K795�,HG&G�58]Kb3A8,WN0b
,W1*N^,.A8bF/Åàx7qß[1F/&NKOH/'1Ä_K7W1POHá�G',hO^/&OtY0/&1PG'/'YH2P]K795�jk/L7=2F]K1F/LbÄ]Kb3/&5C/LbFb&T

âÄ_^/�_KAC/&1P7W1PGJ_^AaG'7W5 X<�6X=;É7WY^Y^1P,.7.GJ_É7WG&G�1P]^/&b%2F_^/xàÎ79Nhß�-?/'N^/'è^2PbÅ,Wjg79-0bm2P1P7.G;2FA8,WN¦T
R�A8/'1J791JGJ_cßæ79585C,=Q�b%7ÇG�,.à�YK5C/'å�bFßHbm2P/'à jk]^NKG�2FA8,WNi2P,Ç-?/�OH/LbFG'1FA8-0/LO�A8N�2F/&1FàÎb�,Wj6b3A8àxY^58/



¨ SE°�°�°

]^N^AC2Pb\,WjEG�,.Nc2F1P,W5�T?âÄ_^Aab�G&79NçO^1P7Wàx792FAaG'7W5C58ßiOH/&G'1F/L7WbF/�2P_^/x5C/L791PN^A8N^V[2PACàx/xjk,.1pàÎ7.GJ_^ACNK/
5C/L791PN^ACNKVæàx/'2F_^,HO^b�bF]KGJ_ê7Wb�1F/&ACNHjk,.1PG'/'àx/'Nc2\58/&791PN^A8N^VKT�â$7WbFIi58/'B./'5nY?,W58A8G'AC/Lb�791P/x/&7.b3A85Cß
OH/&bPG�1PAC-?/&OtA8Nt2P/'1PàÎb*,9j$1F/'á�]KbP79-K5C/ÅG�,.N.2P1F,.5C58/'1JbÄ79NKOæX<�6X=;tG',WNc2F1P,W5½Y?,W58AaG�A8/&b&T

fg5C,cb3/LOhá�58,h,WY[G',WNc2F1P,W5858/'1Jbg7W1F/pQg/&5C5�bF]^AC2F/LOÇ2P,�1P,W-K]Kbm2*à�]^5¯2PA¯á�,W-^ãm/&G;2PACB./pG',WNc2F1P,W5�THU^,.1
/�å^79àxY^58/W<02F_^/�2P7.b3Iæ,9jnV.1P7.b3YKACN^V[Q*_^AC58/�7qB.,WAaOHA8N^VÇ,W-0bm2J7WG�58/&b@G�AC2F/LOi79-?,=BW/�G&79Ni-?/xG�,WN^á
G�Aab3/&5Cß�OH/&bPG�1PA8-0/LO�-cßæY^1P,9ãm/LG;2FA8N^VÎ2P_^/�V.1P7.b3Y�G',WNc2F1P,W5�5a7qQ ACNc2P,Î2F_^/�Nh]^5C5abFYK7WG'/\,9j67ÇG',W5Cá
5CAab3A8,WN�7qBW,.A8O^ACN^VxG�,.Nc2F1P,W5�587qQ\T

>@]^1\jk1J79àx/'QE,W1PIÉY^1P,=BhA8O^/&bÅ2mQE,iàx/&GJ_K7WN^Aab3àÎb\jk,.1�7.G'äc]^A81FA8N^V�2P7.b3Icá�1F/&5C/&B=79Nc2�ACN^jk,W1Fá
àx792FA8,WN�jk,W1 _^A8VW_Há�5C/&BW/&5cG',WNc2F1P,W5cY0,.5CAaG�A8/&b&T=U$AC1Jbm2L<qQg/Äb3_K,=Qê_^,=QíG�,.àxY^5C/'å�BhA8bF]K795cjk/L7=2F]K1F/Lb
G'79N�-?/�OHA8bPG�,=B./'1P/&O�-K7WbF/&O�,WN�2F_^/&AC1g79-^A85CAC2mß\2P,\Y^1F/LOHAaG;2nb3]0G'G�/LbFb3jk]^5h2J7WbFI�,W]H2JG�,.à�/Lb'T@;H/&G;á
,WNKO½<$G�,.N.2P1F,.5C58/'1p2P1P79ãm/&G;2P,W1PßÉG'7WNÈY^1F,=BhAaOH/Î]^N^Aaäc]^/'58ßÉ1P/'58/'B=7WN.2�A8NHjk,.1FàÎ7=2PAC,.NÈ1F/&V.791JOHA8N^V
2F_^/�bm2J7=2F/\,Wj 2F_^/�,=BW/'1J79585�bFßhb32F/&à�T0âÄ_^/Lb3/\jk/L7=2P]^1F/Lb*VW1P,=Qª2P_^/�b32P792F/�1P/'YK1F/Lb3/&N.2J7=2PAC,.Næ792
2F_^/�OH/LG�Aab3A8,WN^á�àÎ79IhA8N^V�5C/&BW/'5�7WNKOæ/�åHYK7WNKOÇ2P_^/\58/&791PN^A8N^VxG'79Y079-^A85CAC2mßÇ,Wj 2P_^/�b3ßHb32F/&àæT

ô *»¤^*¦Ù�*¦×%Ý�*¢£

�L®*�6{LzH�F|�}�³${&�c��� � y �c¡ w^~ ¡ �¯y ¢ ®@õ�y;�9|3y'Ê9�k®?�½y'}m���c�¯y �c� � �.£ �.��� �.£ �¯y&ÌF~��¦�E�t® °¤�1ö¦÷pø�ù�ú¡úpûzü
ýXþ�ÿ�� ø������`ú�� þ ��ú�÷ þ
	 � ý ø þ
	���
 ø þ ��ú�÷pú þ ù�ú³ø þ�� ø��¡ø�� ý ù ��	�þ û������nø�� 	 � ý ø þ �=�L{L���c�\�Ä�&�=�hy £ �J�
·&´9���W·L´'µW� � y ��� |3y � �P�¯���P{.� �Ä� ���h´'�L�&�W®

´9® Ã �����q�P|�³¦|m{=�FÊÆy �h¡ wK~ ¡ �¯y ¢ ®¢õ�y��=|3y'ÊW�ï® � �P�J{L�\�H{&����}m��{ � ¹Ózhy'��� ¡ �\{&}m��{ � �c�¯y �c� � �.£�� �
�C|3y&�\�PË${&|mÊ��a{'|$|m�;y'��¹k}m���\���\{&}m��{ � �c�¯y �.� � �c£ � � �.� £ �.¹ ¡ �¯�\� � ����{ � y&�c�P{ � ± £ �W|3y'}m��{ � ���cy&�J�J�J®
°¤�eö¦÷pø�ù�ú¡ú¡û ý�þ�ÿ�� ø������`ú�� þ ��ú�÷ þ 	 � ý ø þ 	��!
 ø þ ��ú�÷¡ú þ ù�ú�ø þ"� ø���ø#� ý ù �$	�þ û%�����nø�� 	 � ý ø þ �9�hy £ �J�
�P¸q«&¬&�h�P¸=©�¸.� � �P{L�c�ï�|õ*{&|m�;y9�^´'�L�W�&®

�W® Ã �����q�P|�³ |m{=�FÊªy �h¡ Ã �c���my'��y¬õ*�cy'}m��z0® ¢ �¯y&��}m���ê��}�|m���c� � �ô�C|3y&�\�PË${&|mÊ��8{&|i�\{&}m��{ �
£ � � �F|3y'}m��{ � � � �9�c��y � � � �W��|m{ � �\� � }m�J® � þ ��ú�÷ þ 	 � ý ø þ 	��(' ø���÷ þ 	�� ø�� � ø��¡ø�� ý ù �)� ú � ú 	 ÷�ù�� �
´=�q²��;´L¶ � �;�&�W�*�c�;�L·L´9��´&�&�q´=®

¸.®�+Ly&�\���J��{ � �t®½�${Lz.�¯�P� £ �0�¦wK�J{ � +.® Ã ��}m�P|�Ë �P�¯�ï���6���P§.y �h¡ �P|%Ðê�����L�½y �h¡ ³ y�|mzhy'|3y � }3y&� ¡ }
wK�P| � �F|;®¦�${ � }3y&� � �\� � }n� � ��}m� � �"�.���P|3y'|m�3�c���;y'�¯��~��J{L�\�H{&�my&z.�¯��y�|m�F�.��}m�J�P}m�.|m�g�a{&|gy ¡ y&�W}m���q�
��~W��}m�J�\�J® °���ö¦÷pø�ù�ú¡ú¡û ý�þ�ÿ�� ø��,���|ú.-�/#���0� þ ��ú�÷ þ 	 � ý ø þ 	���132 �54@ø �¡ý ���5ø þ ���`ú%6uø�� þ û 	 � ý ø þ��
ø7� 1 ø��*�98 	 ÷pú$: þ�ÿ�ý�þ ú¡ú�÷ ý�þ�ÿ �.�hy £ �J����·'¬&�c�;«q·=�0´&�&�q´9®

·9®�+W®W�${=�J���c{W�;+.® <@®W���Cy�}m�P|;�Wy �c¡ �%® ��® � |m�c�H� � ® � �J�L�J��{L�c� �.£ �cy&�W}m�¯�6y �h¡ �9�¯���cy&�h�H�F|m�J�J�.}m�cy&�
�Jy'}m� £ {&|m���J�E�8{&|E|m�Jy&�3�c� �c£ y �c¡x£ |3y'���c� �c£ Ën��}m�[yÅ�W�.��y � {L� ¡ |m{LzH{'};® °��=6 ý ÷ � �>��:?:@:4ü � � 1
� þ ��ú�÷ þ 	 � ý ø þ 	��?
 ø þ ��ú�÷pú þ ù�ú<ø þ0A �;� 	�þ ø ý û � ø��¡ø�� � ® °�¢ ¢¦¢ � � �P�.}m�J�@zH�P|6´&�&�L�9®

«W®�+&�PÏ^�P|m��{ � �%®n�${=�J���c{B+'|;®6y �h¡ �6{ ¡ �P|m���æ�%® � |m�.�H� � ® � �P{ � }�|m{L�*zcy&�����x�a{'|Î���;y'| � � �.£
�@�c��}m��± �.£ �P|m� ¡�£ |3y'���c�J® ' ø���÷ þ 	�� ø7� � ø��¡ø�� ý ù 132#� ��ú*� � �?�J¸.²Ó©L¶ � ·'¸q·C�9·L·L©=���;¬L¬L©9®

©9®%�g®L�${ �c� {&����~py �c¡ ��® � |m�c�H� � ® Ã � }m�.� y'�c�c�����;y�}m�¯{ � ��{&�h�hy'|m�\{ � ��� �8� � �P}m��{ � ��}m{6|m{LzH{'}m�¯�P�J®
' ø#�@÷ þ
	�� ø�� � ø��¡ø�� ý ù �%132#� ��ú*� � ���J�.²Ó©L¶ � ¬&�W�*�=¬&¸L«W���;¬&¬L�W®

µW®���®D<%® � y £&£ ® � 
 ø��54 ��� 	 � ý ø þ
	���E ø�û�ú � ø��GFH�`ú 
 ø�÷*� ý ù 	���E ú¡ù�� 	�þ`ýI� � � � þ3J ø � J úpû ýXþ
ö¦÷ ý � 	 ��ú=K¦÷ 	�� 4 ýXþ�ÿ ®æ�¦� � }m�.�J�����J� � �J�cy'|�}m�\� � }%{&�E�${L�\�.�.}m�P| � �P�¯� � �J�L� �E� ���q�F|m����}¤~æ{'�
� {L�W}m�c�P| � � y&�����a{'| � �¯yW�½�J¬L¬L«9®

¬W®���®3<%® � y £L£ y �h¡ �t®h�%®h�6|mzc��zK® ��{ ¡ �J��� �c£ �hy�|m�¯�F}3y&��¹Ó�.|m�J�\{'}m{&|g� � }m�P|3y'�P}m��{ � �g� � �W|m�¯��y�}m�
�P{ � }�|m{L�K{&� £ |3y&���.� �.£ ®(L ú*��÷ 	�� L ú*�98¢ø�÷NM � ���&�q²Ó©�O&µq¶ � �;´L©L©P�Î�J�L�L�9���;¬&¬Lµ9®

�J�W®*��® � |m�c�H� � y �h¡ +W®9�${=�J���c{W®^�g�JÔ9�.��|m� �.£ ��}3y'}m���C|m{L�ª�J{ � }�|m{&� ¡ ~ � y&�\���J��}m{*���;y'| �\£ |3y&���.� �.£
�H{&���¯�P�¯�P�6�8{&|6|m{LzH{&}6�cy �h¡ �J® � þ ��ú�÷ þ
	 � ý ø þ
	��H' ø���÷ þ 	�� ø þ �Vû J#	�þ ù�úpû � ø��¡ø�� ý ù � �H´&�L�L´9®

�&�L®%�t®Q<g�czH�P|Äy �c¡ ��® �%® � |m�.�H� � ®*�ª�=~Wz.|m� ¡Î¡ �¯���F|m�P}m�p�J�L� � } ¡ ~ � y&�\������~.��}m�P�\�Äy&�.�.|m{Ly&�3�
}m{Î|m{&zH{&}Å�P{ � }�|m{L�ï®æ¥?�J�3� � ���;y'� �6�J�H{&|�}Å¬L«'¹Ó¸L�W� �E� ���q�P|m����}�~æ{&�E�xy&���my'�F�9�c���F}�}m�\�g�\�.�P|m��}
�${&�\�c�W}m�P| � �J��� � �J� � �P�hy'|�}m�\� � };� Ã �P}m{&zH�P|*�;¬&¬L«9®



¨ ° ¨

�;´9®%�xy � �C|m� ¡ <E�czH�F|Ey �h¡ �6{ ¡ �P|m���%�%® � |m�.�H� � ®6�Í�8�J� ¡ zhy&�3Ê��P{ � }�|m{L����}�|m�.�P}m�.|m�*�8{&|*{ � ¹Ó��� � �
���;y�| � � �c£ }3y&��Ê9�J® � ø��¡ø�� �,	�þ ûP���;�nø þ ø��=ø�� �%132#� ��ú*� � �K´L´9²k�'¹Ó¸=¶ � �L�&�&�=�W��·=���;¬L¬L©9®

�J�W®�+&{L� � +Ly&�\�J��{ � y �h¡ w0y'|�|�~ÇwK�J���a�P|;®E�g�W}m{L��y'}m��� £ |3y'���c� �c£;� � � {&�.}m���\��Ì;y'}m��{ � y'�c�W|m{qy&�3�0®
��:@:@:RF`÷ 	�þ3�TS ø þU1�2�� ��ú*� ��V!EW	�þ�V?	�þ û 
!2 ��ú�÷ þ ú*� ý ù � � � �Î� ¹m��©W²Ó·&¶F� � �J�.}m�J�@zH�P|Ä�J¬Lµq©=®

�P¸.®�+W® w�®Q+L{ � �J�*y �h¡ ¥E®KwK{LÌ;y � {&¹¤�,X�P|m�JÌL®Ä�¦�¯y �c� � �.£ }¤Ë {'¹Ó± �c£ �P|m� ¡Î£ |3y'���c�g�8{&|*�.���FÊ=¹¤y �c¡ ¹Ó�c�¯y&�P�
{&�H�P|3y'}m��{ � �6{ � �H{L��~W�c� ¡ |3yW® °���ö4÷�ø�ù�ú¡úpû ý�þ�ÿ�� ø��P-�Y�YZ/ 
 ø þ ��ú�÷pú þ ù�ú=ø þ0� ø���ø#� ý ù �[	�þ ûP���@ü
�nø#� 	 � ý ø þ �h�cy £ �J�6«LµL�C�9«&µLµW® °�¢ ¢¦¢ �H�xyJ~[�;¬L¬&�W®

�;·9®�+W®¦�${=�J���c{W+&|;®�y �h¡ ��® � |m�c�H� � ®tw0�;y�| � � �c£ � ��� { � ¹Ó��}3y'}m��{ � y'|�~��J{ �c¡ ��}m��{ � � � � �J{ � }�|m{L�
}m�.�J{&|m�F}m�¯��y'�c�W|m{qy&�3�0® °¤�=� þ ��ú�÷ þ 	 � ý ø þ 	��>
 ø þ ��ú�÷¡ú þ ù�úAø þ0EW	 ù�� ý�þ ú5\�ú 	 ÷ þ`ýXþ�ÿ �^´'�L�&�W®

�J«W®�w^~ ¡ �¯y ¢ ®%õ�y;�=|3y&Ê9�ï�^���P}m�F|0]� �q�P��}mÊLy9�
+L�;y � ¹��$�¯y&� ¡ �Åw0y'}m{&�pzH�L�^y �h¡ �xy�|mÊ�<@® Ã �q�F|m��y'|m�J®
�½|m{Lzcy&z.�¯������}m��� |m{qy ¡ ��y&�.�?�a{'|¦�hy'}m�%�c�¯y �c� � �.£ � � �c� £ �W¹ ¡ ���\� � ����{ � y&�9�J{ � ± £ �.|3y�}m�¯{ � ���cy&�J�J�J®
��:@:@:RF`÷ 	�þ3�*	 ùT� ý ø þ�� ø þ^� ø���ø#� ý ù �,	�þ ûP�����nø�� 	 � ý ø þ �0��´9²ï¸=¶ � ·&«&«&�W·'µL�9�¦�J¬L¬&«W®

�;©9® Ã �.���my&��y{õ*�cy'}m��z0® �6�;y&��¹k}m���\�É{&zc��}3y'�J���Èy;�q{L� ¡ y � �P�É�8{&|���y � ���c�.�Cy�}m{&|m�æy �h¡ �\{&zc�����
|m{&zH{&}m�J® � þ ��ú�÷ þ
	 � ý ø þ
	���' ø���÷ þ 	�� ø7� � ø��¡ø�� ý ù �5� ú � ú 	 ÷pù�� �^·W²���¶ � ¬&�&�9¬&µW�½�J¬LµL«9®

�JµW® Ã �.���my&��y³õ*�hy�}m��z0®½�Ñ� � ��±h� ¡ y&�.�.|m{Ly&�3��}m{%�\{&}m��{ � y �c¡ �8{&|m�J�E�J{ � }�|m{L�^{'�?|m{LzH{'}���y � ���.¹
�.�¯y'}m{&|m� � ¥ �.�Ä{L�H�P|3y�}m��{ � y'�0���cy&�J�Ä�8{&|m�@�c�¯y'}m��{ � ® � þ ��ú�÷ þ 	 � ý ø þ 	��_' ø���÷ þ
	�� ø�� � ø��¡ø�� ý ù �%	�þ û
�����nø�� 	 � ý ø þ �H�W²���¶ � ¸q�C�W·&�9�½�;¬&µq©9®

�J¬W® � y � ���J�@õ*{ ¡ ��}m���3�c�JÊ@y �c¡p¢ ��{ � �6���\{ � ®.�6{LzH{&} � y��9� £ y�}m��{ � �8� � �F}m�¯{ � ��{ � ��y � ���8{L� ¡ ��Ën��}m�
zH{&� �c¡ y'|�~=® �/û J#	�þ ù�ú �³ý�þ �D4�4 � ý úpû EU	 ���`ú*� 	 � ý ù � �h�hy £ �J�6¸.�;´C�q¸L¸=´=�½�;¬&¬L�W®

´'�W®�+&{L� �É¢ ®¦w?y'��| ¡ �¦�½y&�.� � ®½�6{L��� � z.�¯{={&�x�¦y �c¡ �6���¯� �a` �PË �P�¯�ï®ç�$�9� � Ê9� �.£ � �Æ� {qy�| � ¥ �.�
y � y�}m{L�@~�{'�¦y £ � � �P|3y'�?���;y'| � � �c£ �\�J�3�hy � �����x® EW	 ù�� ý�þ ú�\�ú 	 ÷ þ`ý�þ�ÿ �?� � �&�*�=¸L«W�½�J¬LµL«9®

´=�L®�+&�;y � ¹��$�¯y'� ¡ �tw?y�}m{L�@zH�L® � ø��¡ø�� E ø�� ý ø þ ö �b	�þ`þ|ý�þ�ÿ ®Âõ*���=Ë �P|x�g�;y ¡ �J�\���[�¦�.zc�������c�P|m�J�
³ {L��}m{ � �?�J¬L¬W�&®

´&´9®�¥E®hw0{&Ì;y � {&¹¤�,X�F|m�JÌL®g�g�W}m{L��y'}m�����c�¯y �c� � �.£ {&����y � ���c�c�¯y�}m{&|6}�|3y � ���8�P|Ä�\{��q�P�\� � }m�J® ��:@:?:
F|÷ 	�þ��T	 ùT� ý ø þ3�%1�2�� ��ú*� ��VcEW	�þ�V>	�þ û 
!2 ��ú�÷ þ ú*� ý ù � ���&�q²��;�L¶ � «LµW���9«&µL¬W�¦�;¬&µW�&®

´'�W® � ®H�xy'�hy ¡ �J�&y � y �h¡ +.®H�${ �c� �J���ï®6�g�.}m{&��y'}m�����.|m{ £ |3y&�\�\� �.£ {&��zH�J�cy;�W��{'|�¹¤zcy&��� ¡ |m{&zH{&}m�
�.��� �c£ |m�J� � �a{&|m�P�J�\� � }n���;y'| � � �.£ ® �/÷*� ý d ù ýe	�� � þ ��ú ��� ýðÿ ú þ ù�ú �h·L· � �9�L�*�=�L«L·9���;¬&¬q´9®

´�¸.®%�t® ¢ ®.����� y�|�}�~=�=��®�õÅ®W�$�����8}m{ � �.y �c¡ �%®q�%®W�${&���Cy�| ¡ ®���|m{&zc���J�é��{L���9� �.£ � � � � �ay � �F~ � ¥ �.�
�P�\�P| £ � � �J�Ä{'�¦y � y'�P}m��{ � �.�Cy � ®>f ú J ú � ø*4 �eú þ � 	�� ö �N2 ù��|ø � ø ÿ�2 �h�q·W²ï¸q¶ � �;�L¬9�*�c�L�;�9�L�¦�;¬&¬L¬W®

´&·9®���® ` �PË �P�¯� y �c¡ <@® ��® � �¯�\{ � ® A ��� 	�þ ö¦÷pø�� � ú*� 1 ø � J�ý�þ�ÿ ®���|m� � }m���J�.<Ey&���ï� ¢��c£ �¯�FË {={ ¡
�$����Ï^�J� ` +.�K�;¬q©&´9®

´'«W®%�g® �t®5gÃ ÌJ�q�P|m� � y �h¡ ��® � ®9Ðê�����¯��Ê=~=® Ã z.���P|m�&y&zc������}�~�{&� ¡ �����P|m�P}m�Ä�P�q� � } ¡ ~ � y&�\���E��~W��}m�J�\�J®
��:@:@:RF`÷ 	�þ3�*	 ùT� ý ø þ�� ø þ �����nø�� 	 � ý ù 
 ø þ �}÷�ø � �H�L·W²Ó©&¶ � ©'¬q©h�9µL�&«W���;¬&¬L�9®

´&©9®�+W® <%®½���¯y'}m�P|�y �h¡ ��® �%® � |m�c�H� � ®[¥?{;Ë�y'| ¡ ���;y�| � � �c£ �9�����hy&� ¡ �����P|m���\� � y�}m�¯{ � ��}�|3y'}m� £ �¯�P�J®
°¤�Áö4÷�ø�ù�ú�úpû ýXþ�ÿ�� ø��"���|ú"��:?:@: 
 ø��54 ����ú�÷ 1 ø�ù ý ú*� 2 ø þi
 ø��543�;��ú�÷aj ýI�¡ý ø þk	�þ û1ö 	 �9��ú�÷ þ
� úpù¡ø ÿ�þ`ý � ý ø þ �h�cy £ �J�n¸.�;�C�=¸W��·9® °�¢ ¢¦¢ �
+L� � �p�J¬L¬L¬9®

´'µW®�+W® <%®h���¯y'}m�P|gy �h¡ ��® �%® � |m�c�H� � ® � �;y�}m�.|m�Ä���;y�| � � �c£ �8{&|n|m�J�J{ £L� ��}m��{ � Ën��}m�xzcyJ~=�J���¯y �x� �P}�¹
Ë${&|mÊ9�J® °¤�Iö4÷�ø�ù�ú¡úpû ý�þ�ÿ�� ø������|ú�6 ý ����ú�ú þ ���.� þ ��ú�÷ þ
	 � ý ø þ
	��c
 ø þ ��ú�÷¡ú þ ù�úfø þ ö 	 �9��ú�÷ þ^� úpù¡ø ÿ ü
þ|ý � ý ø þ ® °�¢ ¢¦¢ � � �J�.}m�J�@zH�P|6´'�L�L�9®

´'¬W®�+&�c��}m�c�6���¯y'}m�P|;® j ýI� � 	�� 6uú 	 �9�@÷pú%\�ú 	 ÷ þ`ý�þ�ÿ ®n�¦� � }m�c�J�����J� �E� ���q�F|m����}¤~�{'� �xy&���my'�F�9�c���F}�}m�J�
´'�L�9�L®

�&�W®�+&�c��}m�c�l<%®��¦�¯y�}m�P|;® wK�;y'| � � �.£ �9�����hy'�Ç�8�;y'}m�W|m�J�ê}m{S|m�J�P{L�\�\� �c¡ £ |3y&��� �J{ � ± £ �W|3y'¹
}m��{ � �J®@�${L�\�.�.}m�P| � �J��� � �J�Å¥?�P�F� � ���;y&�½�6�J�H{'|�}%´&�&�L�'¹Ó¸L�W� �E� ���q�F|m����}¤~Î{&���xy&���my'�F�9�c���F}�}m�J�
�6�\�c�P|m��};�9�x�%��+L�c��~�´&�&�L�9® �6�J�9����� ¡ �q�P|m����{ � {&��y%�hy&�H�F|n�.|m�J��� � }m� ¡ y'}�}m�.� ° ���xwK¹�´&�&�L�
Ðæ{&|mÊ9���c{&�Æ{ � �xy&�3�c� � �Çw0�;y�| � � �c£ {'� � �cy'}m�¯y&�/õ � {;Ën��� ¡.£ �L� � � �J{ � Ò�� � �P}m��{ � Ën��}m�Æ}m�.�
� �J�q� � }m�J� � }m� °¤� }m�F| � y'}m��{ � y&� �${ � �a�F|m� � �J�\{ � �xy'�F�.� � ��w0�;y�| � � �c£ � � }3y � �a{&| ¡[�E� �¯�L�P|m����}�~=�
+&� � �*´&¬[��+L�.��~x´=�^´'�L�L�9®

�9�L®*��®?�¦�¯y'}�};���%® � y £&£ ��y �h¡ ��® � |m�.�H� � ® ¢ §W}m� �h¡ � �.£ ± �.£ �P|�}m��� £ |3y'���c� �c£ }m{xËn�.{L����zH{ ¡ ~
£ |3y&���.� �.£ ® °¤�$ö4÷�ø�ù�ú¡úpû ý�þ�ÿ�� ø7�����`ú�� þ ��ú�÷ þ
	 � ý ø þ
	���
 ø þ ��ú�÷pú þ ù�ú³ø þ.� ø��¡ø�� ý ù �$	�þ û������nø�� 	 ü
� ý ø þ �h´&�&�L�W®



¨g¨

�L´9®*��®=���¯y'}�};�9��®Z<@® � y £&£ �Wy �h¡ ��®=�%® � |m�c�H� � ® ` �c�������hy'�J�6�J{L�\�H{&����}m��{ � {'�K�J{ � }�|m{L�c�CyJËn�$�8{&|
£ |3y&���.� �.£ ® °�����:?:@:l� þ �&m �@
 ø þ � S ø þ � þ ��ú ��� ýðÿ ú þ � � ø���ø#� �,	�þ û 132#� ��ú*� � �K´&�&�q´=®

�&�W®�+W®½��{ � �J�L� � ® � �c�������Ly � �½��® � � ¡ �my �c£ �!+.®�³${L������{ �c� y�};�¦y �c¡ +.®¦���P|m���P};® Ã � �J{L�\�.�.}m� �c£
�8{L�W|�¹Ó± �c£ �P|��;Ô=�c������z.|m���c�òy �c¡ �8{&|m�J�F¹¤�P�¯{&���.|m� £ |3y&���c��{'���H{&��~W�.� ¡ |3y'�H{Lz9Ò��J�P}m�J® � þ � S_';SQ� ø�� S
� ú �TS �K�;¬L¬&«W®

�'¸.® � {L� � y��½|m�J�J�c�Çy �h¡ �6���F�cy'| ¡Ç� ® � �W}�}m{ � ®g���.��}m��¹k}m���\���\{ ¡ �J���6�a{&|g}m�J�\�H{&|3y'����~xy&z.��}�|3y&�P}
�.�¯y �c� � �c£ ® °¤��ö¦÷pø�ù�ú¡ú¡û ý�þ�ÿ�� ø��[�Vû J#	�þ ù�ú �qý�þ L ú*��÷ 	�� � þ ��ø�÷*� 	 � ý ø þ ö¦÷pø�ù�ú �N�¡ý�þ�ÿU1�2�� ��ú*� �
-�/ ®H� ° ¥Ñ��|m�J���J�0�;¬&¬q©9®

�L·9®����F}m�P|�+.® � ®6�gy&��y ¡W£ �ty �c¡ ÐÍ®6���.|�|3yJ~ÈÐæ{ � �cy&�x®ò¥ �c�t�J{ � }�|m{L�*{'� ¡ �����P|m�P}m�æ�P�q� � }
��~W��}m�J�\�J® ö4÷�ø�ù�ú¡úpû ý�þ�ÿ�� ø��$���`ú%��:@:?: �c©L©W²��;¶ � µW�*�=¬q©=�_+Ly � �hy�|�~[�J¬Lµ&¬W®

�&«W®*�gy;Ò��J���i��® ` ®0�Ey'{Çy �h¡ � y � y0<@®?³ y&���¯y'| ¡ ®Î� � y&�P}m���q�\�9������{ � y�|m�F�.��}m�P�P}m�.|m��zhy'��� ¡ { �
���J{ � ����|m�J�.|m�J��� � }3y�}m��{ � �J® ' ø���÷ þ
	�� ø����/÷*� ý d ù ýe	�� � þ ��ú �I� ýðÿ ú þ ù�ú � ú � ú 	 ÷pù�� �L©&µ � ¸q«W���W·'�q·9�W�;¬&¬q·=®

�L©9®%�����3�hy'�J��¥E®.�g{&��� � ��}m�P� � y �h¡ � �c¡ |m�PË � ®c³ y'|�}m{W® � �c�H�P|m�9����� ¡ �¯�Jy'| � � �.£ �J{L�@zc� � � ¡ Ën��}m�
y � y'�P}m{&|�¹Ó�P|m��}m���Çy'|m�3�c��}m�J�P}m�W|m�L®í¥?�J�3� � ���;y&�6�g�P�H{&|�}��q´h�=¸W�L� � �J�hy�|�}m�\� � }\{&�%�${&�\�c�W}m�P|
� �J��� � �P�L� �g� ���q�P|m����}¤~�{'�¦�xy&���my'�F�9�.���P}�}m�J�^´'�L�q´=®

�&µW®%�t® � {Lz.�0�;+.® �g® Ã Ë � � ��õÅ® ��® S y&���&y � ���J�Wy �h¡ � ® � |3y&�;y � �ï®��Ñ���cz9Ò��J�F}�¹¤� �c¡ �P§W� ¡ zc��z.�¯��{ £ |3y'¹
�.�=~x{&� ¡ �����P|m�F}m�p�J�q� � } ¡ ~ � y'�\���%��~W��}m�J�\�J® ��:?:@: � ø��¡ø�� ý ù ��n �����nø�� 	 � ý ø þWEU	�ÿ�	Co^ý�þ ú �
�L²Ó´L¶ � �J¸&�W´'�W���J¬L¬&¸W®

�&¬W®*��® � �W}�}m{ � � � ®¦�½|m�J�J�c�K� y �h¡É� ® � � �c£ �0®ç³$�P}¤Ë �J� � � ¡ �.�py �h¡ ���J�\��¹¤� ¡ �c�J® �/÷�� ý d ù ýe	��
� þ ��ú �I� ýðÿ ú þ ù�ú �K�L�;´ � �;µ9�*�9´9�L�&���;¬L¬&¬W®

¸L�W®*�6���F�cy'| ¡�� ® � �.}�}m{ � � � {&� � yÅ�½|m�J�J�c�K�hy �h¡Î� y'}m� �h¡ �P| � � �.£ �0® ³$�F}�Ë �P� � � � ���Ey �h¡�� �J�\��¹
� � �¦� � �ê�8|3y'�\�PË {'|mÊÅ�a{&|�}m�P�\�H{&|3y&�^y'zc��}�|3y'�P}m��{ � � � |m�J� � �8{&|m�J�P�\� � }����;y'| � � �.£ ® �/÷�� ý d ù ýe	��
� þ ��ú �I� ýðÿ ú þ ù�ú �K�L�;´ � �;µ9�*�9´9�L�&���;¬L¬&¬W®

¸W�L®*��® � ® � �.}�}m{ � y �h¡ �%® � ®'³ y�|�}m{.® � ú ý�þ ��ø�÷pù�ú*�eú þ �Q\�ú 	 ÷ þ`ý�þ�ÿZp � þ � þ �}÷�ø�û��|ùT� ý ø þ ®c� ° ¥���|m�J���J�
� y'�pzW|m� ¡W£ �L�h�x�%�^�J¬L¬Lµ9®

¸q´9® � ® � �c�hy'�¯yW� � ®`õ�y'|m�c�.�c�¯y&�K�K�t®^³ |m�FË �P|;� � ®K�$�hy �h¡ �Î�gy;�q�J�¯yW�Ky �h¡ ��®^�%® � |m�c�H� � ® Ã �
�9���PËn�H{&� � }@�J{ � }�|m{&�k® °¤�a��:?:@:q� þ �&m ��
 ø þ ��ú�÷¡ú þ ù�útø þG� ø��¡ø�� ý ù �r	�þ û������nø�� 	 � ý ø þ � �xyJ~
´'�L�L´9®


