
���������
	��
	���������������������	����! #"$�
	����%�����&���'���
	����!�

 (�*)%�%�+)��*���!�,"�-
�����.���/�10

2�3547698;:=<5>@?=AB3DC1EF69GH>@?DI�3 J�35K�69LNMOEQPSR;6(T&UFV@?;W!3;X�T'8=Y&T[Z(?=\D3 X*3D4HT'E]87^_T'UQ:;Z(?;`a3DKbRD69EFV9?

698;:cW!3;Wd6(T'eNP�<=f

gOh�iSjHk�lnmpoqiSrsm�t'uwv�t'oqjyx(mpiNlbz({S|}iSr~{Si/•�|€lp•'|‚r~|‚kqƒ„t[…€†9mpiS{ˆ‡~ry|}{/‰Šr~‹Œmp|€mpx~mpi/k&rH•OzsmŽk&mpi

•

r~|}•@iNlp‹n|€mŠ†s‘(’�…‚k&{ˆ“9‹n”yx(lp•~‘y•–•˜—�™@š[›'š(œ=•1o�k'|}…Ÿž7 [¡[¢&£@¤[¥1¦n§s¨'¢@©sª&«s¬@¡5­¯®@°–­Š±[¤[¥

² v�iSrsmpiNl�uQt'l´³�…‚t'”Hk&…„k'ry•!µ¶iS•[|}t'rHk'…5•wr9•9|€lpt[r~oqiSrsmŽk'…=µbiN‹ni·k&lp{Ž‡D‘

•

r~|‚•[iNlp‹n|€mŠ†*t'u–‰¯t·¸�k(‘y‰Št·¸�k

v�|}m¯†s‘y‰Š•˜¹'—[—&™[š(œ=•1o�k'|}…Ÿž7 �º(¬[¢&»�¼7¨@¬�½–¦Š°(¬�½(¢@¨@ª&«9¬�º@»s±[»1­_¥~¨[©&¾(¢–­¯±[¤[¥

¿ h´iSjyk&lnmpoqiSrsm�t&uwv�‡yiSoq|}{·k&…5•1ry•'|}ryiSiNlp|}r~•~‘=v�k&…}|}uQt'lpr~|]kq‰¯ry‹Œmp|€mpx~mpi´t&u1À5iS{Ž‡yr~t[…}t[•&†s‘7ƒ–k&‹pk[•~iNrHk(‘

v�•�Á9Â[Â·¹[—9œ7•wo�k&|‚…Ÿž= �¤9¢'®@±'£1¦p¡'±s¨�£sÃs±s§&¤(ª&«9¬'¢@§'°s±9¬·½w­Š±[¤[¥

Ä

h´iSjHk�lnmpoqiSrsm�t'u1ÅOk&mp‡yiNo�k&mp|}{S‹¶k'ry•Oz9mŽk�mp|}‹Œmp|‚{N‹S‘7ƒ„t'lnmp…‚k&rH•ÆzsmŽk&mpi

•

r~|}•@iNlp‹n|€mŠ†s‘~ƒ„t'lnmp…‚k&rH•;‘

Ç

µ�Á[È[—'š[È9œ=•1o�k'|}…Ÿž~¤9¢[±9¡@¬·¥9«'És¤@Ê–­Š±[¤[¥

Ë�Ì–ÍSÎSÏ�ÐHÑ'Î[Ò

‰¯r´mp‡y|}‹„jHk&j7iNl5¸�i�•(|‚‹n{Nxy‹n‹5mp‡~i�k&…‚•'t'lp|€mp‡yoq|}{wmptst[…}‹„ryiNi·•~i·•´uQt'l1•~k&mŽk

k&‹n‹n|‚oq|}…‚k&mp|}t'rduFt&l–k&iNlpt[‹nt'…~•9†(rHk'oq|}{S‹Sœ·v�t[rsmp|}r9xyt[x~‹„k&rH•/•~|}‹n{Nlpiˆmpi�k[•�ÓŒt'|‚rsmp‹Dt'u(mp‡yi

k&iNlpt[‹nt'…~•9†(rHk'oq|}{1i·ÔsxHk�mp|}t[r+k&lpiw{St[r~‹n|‚•~iNlpi·•=‘&k'‹5¸�iS…}…9k'‹„‹niNry‹n|€mp|}•(|€m¯†/{StsiNÕq{N|‚iNr9mp‹

¸Ö|€mp‡×lpiN‹nj7iS{NmamptØmp‡yi�{Nt@k'•'xy…‚k&mp|}t'rÙ“@iNlpr~iS…Ÿ‘–mp‡yi�•&lpt·¸�mp‡×lŽk&mpi'‘�k&rH•ÚiSoq|}‹n‹n|}t[r

k&rH•+•~iSj7t'‹n|}mp|}t'rd{StsiˆÕq{S|}iSrsmp‹Sœ[ÛbxyoqiNlp|}{·k&…@iNÜ(j7iNlp|}oqiSrsmp‹5j7iˆlnuFt'lpoqiS•�|}r�mp‡yiwmŠ¸Ö|}r

iNÜ(j7iNlp|}oqiSrsmÝuQlŽk'oqiˆ¸�t'lp“auQt'l¶k+‹n|‚r~•[…}i´{St'oqj7t[r~iSrsm�oqt9•~iN…7j~lpt[”~…}iSoÞ‹n‡~t�¸ßmp‡yk&m

|}ry|€mp|‚k'…„•~|}‹Œmnlp|}”yx~mp|}t'ry‹bk'rH•�mp‡~i�•(†(rHk&oq|}{´jHk�lŽk'oqiNmpiNlp‹¶{·k&rÆ”7i´lpiS{St�•@iNlpi·•�u]lpt[o

mp|}oqi´‹niNlp|}iS‹¶t'u1t'”y‹niNlp•'k&mp|}t'ry‹Öt'u–jyk&lnmp|}{S…}i�‹n|}àSi�•~|}‹Œmnlp|}”yx(mp|‚t'ry‹Sœ

á âyã¶ä7å=æ/çdè+é5ä=êpæ¶ã

2+edG(<=L+^_<=8;:=6(M�T'8yëN69U�<=8;:=T&LSepëS698;:7EQ8=ìíG(^¶6sëNM�GyeŽî;R=T&LNEQP�î;69LˆëˆEFP�UQT'ed698;:�ëNR=T&EQLdëˆLS698;eŽ^_G(Lˆï

MO69ëˆEQG(8;e�6(:=ð@6(8;P�T[e&?Ý8=Gsð(T'UbP&G(MOî=<7ëS6sëˆEQG(8D69UbëˆGHG(UFe*6(LˆTí8;T&T':=T':ßëNGñEQ8yëˆT&ì~LN69ëˆTíG~ò;eˆT&LNð@69ï

ëˆEQG(8;6(Ub:=69ëN6ñ6(8;:ÙMOG7:7T&UFe�ëNG(ì~T�ëˆR;T&L�ëNGñî=LNGsðHEQ:=TOëˆR=T
òDT[epë[?�î;Ryó7eˆEQP'69UQU]ó�P�G~8;eŽEFeŽëˆT&8yë�T'eŽï

ëˆEQMO69ëˆTcG9^�ëNR=TcT&ð(G~U]ðHEQ8=ìñeŽëN69ëˆTcG9^�ëNR=Tc69ëˆMOG~eˆî=R=T'LˆT~3�4H<DPSR,698�698;6(U]ó7eˆEQe!epëS6sëNT
ò5T�ëˆëˆT&L

:7T�ô;8;T'eqëNR=T
eˆî;69ëˆEF69U¶6(8;:�ëˆT'M�î5G(LS69U¶ô;T&UF:=e*G9^�õ(T'óñìy6(e�6(8;:Ùî;69LˆëˆEFP�UQTíî=RD6(eˆTØPSR=T&MOEFP&6(U

P�G(MOî5G(8=T'8yëNedE]8�LˆT'UQ69ëˆEQG(8�ëNGíëNR=T&EQLqeŽG~<=LNP&T'e
698;:×eŽEQ8=õ7e'352deˆeˆE]MOEQUQ69ëˆEQG(8×G9^bPSR=T'MOEQP'69U�E]87ï

^_G(LNMO69ëˆEQG(8�EFe+G~8=UQóc8;GsöÞò5T&ì~E]8;8=E]8;ìØEQ8×69EQLd÷y<;6(U]E]ëpó;øsPSR=T'MOEQeŽëˆLNó
6(LˆT'8;6(e!ù‚ú~?NûH?Žü;?&ú[ý=?�ú~ú�þŒ?

ò=<7ëbG(ÿ5T'LNeÖëˆR=TaeN69MOT�MOG9ëNE]ðs6sëNE]G~8;e¶6~e�ëNR=G~eˆT+LNT'6(U]EQY&T[:OE]8ÆëNR=T�ôDT&UF:ÆG9^1MOT�ëNT&G~LˆG~U]G~ì(ó(392depï

eŽEQMOE]UF6sëNE]G~8!ëNT'PSR=8;EQ÷y<=T[e¶P&6(8OòDT�<=ëˆEQU]EQY&T[:OëˆGqî=LNG7:7<;P&T´ëˆR=LNT&T&ïŒ:7EQMOT&8;eˆEQG(8;6(U¯?sëNE]MOT�ðs6(LˆóHEQ8=ì

G(î7ëNE]MÆ69U„LNT&î=LNT'eˆT&8yëS6sëˆEQG(8De�G9^1ëNR=T
î;69LˆëˆEFP�UQTd:7EFeŽëˆLNE]ò=<=ëˆEQG(8;e�EQ8íëˆR;T
69ëˆMOG~eˆî=R=T'LˆT~?(ëNR;6së/69LNT

P�G(8DeŽEFepëNT&8yë/ö/E‚ëNRcëˆR=TqG~ò;eŽT'Lˆð~T':Øî=RHóHeˆEFP&69U16(8;:cPSR=T&MOEFP&69U1eŽëN69ëˆT[e&3

���������	��

����
����������

G9^�69T'LˆGyeŽG~UQe�î=LNT':7EFP·ëSe�ëˆR=T*T&ð(G~U]<=ëˆEQG(8cG9^ÝîD69LˆëˆEFP�UQT�eŽEQY&Tq:7EFepëNLˆEQò=<7ï

ëˆEQG(8;e
ì(EQð(T'8�ëˆR;T!õH8=Gsö/8×î;69LS69MOT�ëNT&LSe�G(^ÖëˆR=T�T&ð~G(UQ<7ëˆEQG(8�� P&G~69ì~<=UF6sëˆEQG(8�õ~T&LN8=T&UŠ?5ì(LNGsö´ëˆR

LN69ëˆT(?wT&MOEQeNeˆE]G~8�LS6sëNT'eq6(8;:ß:7T&î5G~eˆE]ëˆEQG(8Ùð(T'U]G7P�E]ëˆEQT'e��a6(e�öbT'U]U¶6~eaëˆR;TíE]8;E‚ëNEQ6(U¶eŽEQY&Tí:=EQeŽëˆLNE‚ï

ò=<7ëˆEQG(8w3���<=MOT&LNG(<Ded8H<=MOT'LˆEFP&6(U�MOT&ëˆR=G7:=eaR;6@ð~T*ò5T&T'8×î=LNG(î5G~eˆT':ñE]8×ëˆR;T�UQE]ëˆT&LS6sëN<=LNT*^_G~L

 

À�‡yiÝk'x(mp‡yt'lp‹Dmp‡Hk'r~“bmp‡~iwÛ�k&mp|}t[ryk'…(z9{S|}iSry{Si"!yt'xyrH•~k&mp|}t[r/uQt'l–‹nx~jyj7t'lnmp|}r~•Ömp‡~|}‹D¸�t&lp“�mp‡~lpt'xy•'‡

mp‡yiíkS¸�k�lŽ•�Û/z�!˜‰ŒÀ�µ�•�ƒ�#´‰nÅ š@—&š@¹sÂ·Á�$9œ¶À�‡yiO¸�t'lp“ñt'u+•+œ�z(k'rH•(x×¸�k'‹!k'…}‹nt�jHk�lnmp|]k&…}…}†

‹nxyj~j7t'lnmpi·•*”9†�mp‡~i/kS¸�k&lŽ•!Û/z%!Úv�•¶µ�•w•1µ˜•¶v�‰�š'š[Á�&9Â�&'Á(œ



eŽG~U]ðHEQ8=ìOî;69LˆëˆEFP�UQT�:7óH8;69MOEFP&e'?=T(3 ì;3Ýù �D?��sþwT&ëNP(3;`´R=T

����� ������� � ��
�������� �

î=LˆG~ò=UQT&M P&G(8;eˆEFepëSe

G9^�LˆT[P�Gsð~T&LNE]8=ì!ëˆR;T*EQ8=E‚ëNEQ6(UwG~L�T&MOE]ëŽëˆT[:ÚeˆE]Y'T*:7EFepëNLˆEQò=<7ëNE]G~8Ú698;:cëNR=T�î;6(LN6(M�T&ëˆT'LNe´G(^�T'ð(G(ï

U]<7ëNE]G~8 ì~E]ð~T&8ßEQ87^_G(LNMÆ6sëˆEQG(8,69ò5G(<7ë!ëˆR=T
ëˆEQMOT
T'ð(G(UQ<7ëNE]G~8ßG9^�ëNR=T
eˆó7epëNT&M�?�^_G(L*T��=69MOî=UQT

îDT'LˆEQG7:7EQPaMOT[6(eˆ<=LˆT'MOT&8yëNe�G9^�ëˆR;Tq8y<;M*ò5T&L[?=eŽ<=Lˆ^ 6(P&T(?7MÆ6(eNe'?7G(L´ð(G~U]<=MOTq:7T'8;eŽE]ëpó(3

	

8!ëNR=EFeÖî;6(îDT'L¶ö�T�:7EQeNP�<Deˆe�ëNR=T+P&G(MOî=<7ëS6sëˆEQG(8D69U7ëNGyG~UQeÖ8=T&T[:7T':�^_G~LÖE]8Hð~T&LSeŽT´MOG7:7T&UQE]8;ì

G9^¶69T'LˆGyeŽG~U1:7óH8;69MOEFP&e'?;EQ8;P�UQ<;:7EQ8=ìcP�G(8yëNE]8H<=G~<;e�698D:Ú:7EFeˆP&LˆT&ëˆT*6~:�
pG(EQ8yëNe�G(^�ëˆR=T�:7óH8;69MOEFP

T'÷y<;6sëNE]G~8 69LNTí:7T&LNEQð(T':1?w6(e*öbT'U]U�6(e�eˆT&8;eˆE]ëˆEQðyE]ëpóÙP�GHT
�íP�EQT&8yëSe�ö/E]ëˆRßLNT'eˆîDT[P·ë�ëNG�ëˆR=TcP�G(ï

69ì(<;UQ69ëˆEQG(8ßõ(T'Lˆ8;T&UŠ?1ëˆR;TØì(LNGsö´ëˆRßLS6sëNT(?�698;:ÙT'M�EFeNeŽEQG(8 6(8;:ß:7T'îDGyeŽE]ëˆEQG(8 P&GHT
�íP�EQT&8yëNe'3�2

:7T�ëS69EQU]T[: :7T'LˆEQðs6sëˆEQG(8,EQe�ì~E]ð~T&8 EQ8 ù]ú��=?�ú��9þŠ3�2�ë�ëˆR=EFe�ëˆEQMOT
ö�Tc:=G×8=G(ë!ëNLˆT[6sëÆPSR=T&MOEFP&6(U

698;:�ëˆR=T'LˆMOG7:7óH8;69MOEFPÖëNLN6(8;eŽ^_G(LNMO69ëˆEQG(8;e'?'6(8;:*P&G(8;eˆEF:7T&L�G(8=UQó�eˆî;6(P&T¶EQ8;:7T&î5T&8D:7T&8yë �_ò5G�� �

M�G7:7T'UQe'37`´R=T+MOT&ëˆR=G7:=e´:7EFeˆP&<;eNeŽT[:ÆR=T&LNTd6(LˆT
6qô;LSeŽë�eŽëˆT&îØëˆGsö´69LS:�ëˆR=T
ì(Gy69UDG9^wî5T&Lˆ^_G(LNM�ï

E]8=ì�:=6sëS6ñ6~eˆeˆE]MOEQUQ69ëˆEQG(8ß^_G~L�P&G(MOî=LNT&R=T'8;eˆE]ð~TÆëˆR=LNT&T&ïŒ:=E]MOT&8DeŽEQG(8;6(UbîD69LˆëˆEFP�UQT(?�PSR=T&MOEFepëNLˆó~?

698;:ØëˆLS698;eˆî5G(Lˆë´MOG7:7T'UQe'3

� �/æÖå�����å;ç�� æ/ç����ˆêŽã�� æ! #"$��å=ä7êˆé%�&�('*)�ã��,+ êˆé%-

.%/10 2436587�9:5%;<36;>=@?�3�ACBD;<E:FG7�9:365

A×TaP�G~8;eŽEF:7T'L¶ëNR=TdîD69LˆëˆEFP�UQTd:7óH8;6(M�EFPdT'÷y<;6sëNE]G~8íEQ8Ø8H<=M*ò5T&L´:7T'8;eŽE]ëpóO^_G(LNM*<;UQ69ëˆEQG(81?~ö/E‚ëNR

î;69LˆëˆEFP�UQT¶ð~G(UQ<=MOTÖëˆR;T¶EQ8;:7T&î5T&8D:7T&8yë�ðs69LNEQ6(ò=U]T~3'`´R=T�eŽEQY&T´:7EFepëNLˆEQò=<7ëNE]G~8q^_<=8;P�ëˆEQG(8 �_8H<=M*ò5T&L

:7T&8;eˆE]ëpó �wG9^;6�^ 69MOEQU]óaG9^Dî;69LˆëˆEFP�UQT'ewö/E]UQUHòDT´:7T&8;G9ëˆT[:qòHóIH �KJ6L�M �ON[ëNR=Tb8H<=M!òDT'LÝG(^;î;6(LŽëNEQP&U]T[e

îDT'L+<=8=E]ë+ð~G(UQ<=MOT�G9^�69EQL�ö/E]ëˆR�ëNR=T�ð(G~U]<;M�Tqò5T�ëpö�T&T'8PJ
6(8;:$JIQSRTJØEFe�H �KJ6L�M ��RUJ53„`´R=EQe

:7T'eNP�LNE]ò5T'e
P�G~M�î;U]T&ëˆT&UQó 6ßî5G(î=<=UF6sëNE]G~8#G9^*eˆEQ8=ì(UQT�ïnP�G~M�î5G(8;T&8yëíî;69LˆëˆEFP�UQT'e'3b`´R;T×69T'LˆGyeŽG~U

îDG~î=<=UF6sëˆEQG(8Ø<=8;:7T'Lˆì~GyT[eÖî=RHó7eˆEQP'69U„698;:íPSR;T&MOEQP'69UDëˆLS698;eŽ^_G(LNMÆ6sëNE]G~8;e �¯47T&EQ87^_T&UF:Ø6(8;:WV�698=ï

:7EQe'?wù]ú��(þ��bö/R=EFPSRcPSRD698=ì~TdëNR=Tq8H<=M*ò5T&L�:=T&8;eˆE‚ëpó
E]8
ëˆEQMOTUX

Y6H �KJ6L�M �

Y�M Z\[

Y

Y6J

ù ] �:J�L^M �_H �KJ6L�M �nþ �pú �

Q

ú

�

`ba

ced

a�f6aOg:h aOg

H �:JjikL^M �<H �KJ

[

J_i:L^M ��RUJ_i

[

H �KJ6L�M �

`ml

cnd

a�h aOg

H �:Jji1L�M ��RUJ_i�Qmo �:J�L^M �

[qp

�KJ6L�M �_H �:J�L^M �IL

H �:J�L^M

Z

M�r��

Z

H�r	�:J��ILsH �:J

Z

ýGL�M �

Z

ýut

	

8qëˆR=EFe�T'÷y<;69ëˆEQG(8v] �KJ6L�M �

Z

RUJGwCRTM1EFe1ëNR=T¶LS6sëNTÖG9^=î;6(LŽëNEQP&U]Tbì(LNGsö´ëˆR �_T~3 ìD3]?@:7<=TbëˆG
P�G~8;:7T&8=ï

eˆ69ëˆEQG(81?~T&ðs69î5G(LS6sëNE]G~81?9:7T&î5G~eˆE]ëˆEQG(8í698D:ÆeŽ<=ò;U]EQMÆ6sëˆEQG(8 �·?

d

a�h aOg

EFe�ëNR=TdP&G~69ì~<=UF6sëˆEQG(8�õ(T'Lˆ8;T&UŠ?

o �KJ6L�M �!EFeÆ698Hó eŽG~<=LSP�TcG9^dîD69LˆëˆEFP�UQT'e�G9^
ð(G(UQ<=MOTuJ �_T~3 ìD3]?�8H<;P�UQT'69ëˆEQG(8˜698;:,T&MOEFeˆeˆEQG(8;e��

698;:

p

�KJ6L�M �qEFe*ëˆR=TØô;LNeŽëŽïŒG(LS:7T'LqLN69ëˆTíG(^�LˆT'M�Gsðs6(UÖG9^�î;6(LŽëNEQP&U]T[eqG9^�ð~G(UQ<=MOTWJ �_T(3 ì;3Q?wòHó

:7T&î5G~eˆE‚ëNE]G~8 �·3

.%/x. yu9:=�z{AC|j7�|P?>3}ACBq;>E1F�7�913�5

X�T&LNT�öbT�<;eˆTÚ6Ù:7EFeˆP&LˆT&ëˆTc^_G(LNM*<=UF6sëNE]G~8 G(^��Žú��!ò;6(eˆT':,G(8�ëNR=T�î=EQT'P�T'ö/EQeˆT�îDG~U]óH8=G~MOEQ6(U

69î=î=LNG~6~PSRq6(ew:=T'eNP�LNE]ò5T':aòHó�47698D:7<íù ~9þH6(8;: �Ÿ^_G~L�eˆEQM�î;U]EFP�E]ëpóaG9^HëˆR=Tbî=LNT'eˆT&8yëN69ëˆEQG(8 �„G~8qëˆR;T

•

G(LNö´69LS:•€Ö<;U]T'LdëNE]MOTíeŽëˆT'î=î=EQ8=ì�eˆPSR=T'MOT(31`´R=TOô;8;E‚ëNTí:7E]MOT'8;eŽEQG(8D69UÖ69î;î=LˆG��7EQMÆ6sëˆEQG(8ñG9^



ëˆR=Tb8y<;M*ò5T&LÝ:=EQeŽëˆLNE]ò;<7ëˆEQG(8 H �:J�L^M �–EFe1ëS69õ(T'8aE]8qëNR=Tbeˆî;6~P�T¶eˆî;698;8=T':aòHódëˆR=T�eŽT&ë

�������

>	�

�

��


G9^�î=E]T[P�T'ö/EQeˆTaîDG~U]óH8=G~M�EF69U–òD6(eˆEQe�^_<=8DP·ëˆEQG(8De&3;`´R;T
T[÷y<;6sëNE]G~8 �Žú���EFe�:7EFeˆP&LˆT&ëˆEQY&T':c6(e

H
���

>

Z

H
� Q��4M���� �:M���� H
� Q�� �KH
����Q��

f

>����

���

L

�����

Q � �"!

�

�

[$#

�"!

�

�

���&%

t �1�%�

`´R=T¶ì~LˆGsö´ëNRdëNT&LNMÆew69LNT¶:7EFeNP�LNT�ëˆEQY&T[:a<;eˆE]8=ìd6�W+EFeNP�G(8yëNE]8H<=G~<;eÝIa6(U]T'LˆõHEQ8�69î=î=LNG~6~PSRaö/R=T&LNT

� �KH

�

��EFe�ëˆR=T*I
G7:7<;8=Gsð(';<���:7E]ÿ5T'LˆT'8;P�T�6(8;:

)+*

h ,

��!��

Z

` l

-/.

�

�

L0!��

�

* �

�

�

�

h

,

�

�

�


C�

t

`´R=T!P&G~69ì~<=UF6sëˆEQG(8cëNT&LNMOe
69LNT*:7EFeNP�LNT�ëˆEQY&T[:�<;eˆE]8=ìc6ØP&G(UQU]G7P&69ëˆEQG(8Ú6(î=î=LNG~6(PSRßù ~sþ�ö/E‚ëNR

P�G(UQUQGHP'6sëNE]G~8Øî5G(EQ8~ëSe

�21	3��

>	�

�

��


?=eˆ<;PSRcëˆR;69ë

4 *

h ,

Z

�53

�

16�

� L

�27

�:H L�H��

�

�

Z

H�8

7

�

H L

7

3

�

h

�

Z

ú

�

`�9;:

csd

a�h 9;:Of6a

���

�

1<3

�

�

�

�

1<3

[

J���RTJ

[

`Sl

cnd

a�h 9;:Of6a

���

�KJ �

�

�

�

1<3

[

J ��RTJ•t

= >@?�� âyãBA �1å}-j�e� æ/ç����ˆêŽã�� "×å=æ+C ����+

D

69LNEQ69ëˆEQG(8;6(U1MOT�ëˆR;GH:;e � T(3 ì;3Q?}�~W+ï

D

69L��´î=LNGsðyEF:7T*6(8�G(î7ëNE]MÆ6(UÝP�G~8yëˆLNG(UÝ6(î=î=LNG~6~PSRØëNGíëˆR;T

:=6sëS6 6(eNeŽEQMOE]UF6sëNE]G~8˜î=LˆG~ò=UQT&M�3b`´R=T×G(î7ëNE]MÆ6(Ud698D69UQóHeˆEFeíepëS6sëNTÚEQe
G(ò=ëN69EQ8=T[:�ëˆR=LNG(<=ì~R 6

M�EQ8=EQMOE]Y[6sëˆEQG(8�î=LNG7P�T[eˆe�ëNGÆî=LˆGsðHEF:7T
ëˆR=T*òDT[epë/ô=ë+ëˆGOëˆR;Tqò;6(PSõHì(LNG(<;8;:íT[epëNE]MÆ6sëNT�698;:
ëNG

69UQU–G(ò;eˆT&LNðs6sëˆEQG(8D69U–:=6sëS6O6@ð@6(E]UF69ò;U]TaEQ8ØëNR=T�6(eNeŽEQMOE]UF6sëNE]G~8
ö/EQ8;:7Gsöq3

`wG�òDT�eˆîDT[P�E]ôDP�6(eNeŽ<;M�TØëˆR;69ëÆG(ò;eˆT&LNðs6sëˆEQG(8DeFE;><t�t�t�E5G 69LNT�6@ð@6(E]UF69ò;U]Tc6së�ëˆR=T�:7EFepï

P�LNT�ëˆT!ëˆEQMOT'eIMˆ><t�t�t^M"G*31`´R=TOG~ò;eŽT'Lˆð~T':Ú÷y<;6(8yëˆE]ëˆEQT'ea69LNT*^_<;8;P·ëNE]G~8;eaG9^bëˆR=TOMOG7:7T&UÖeŽëN69ëˆT(?

E �:M �

ZIH

�

H �KJ6L�M �

�

3KJdòDeŽT'Lˆðs6sëNE]G~8;e�P&6(8�ò5T/î;6(LŽëNEQP&U]T´8H<=M*ò5T&L¶G(L�MÆ6(eNe�:7T&8DeŽE]ëˆEQT'e'?9G(î=ëˆEFP&69U

î=LˆG~îDT'LŽëNE]T[e´T�ëSP93;`´R=TqEQ8=E]ëˆEF69UÝð@6(U]<;TqG9^wëNR=T*eˆG(UQ<7ëˆEQG(8uH

r

698D:Dø@G~L´ëˆR=Tqî=LNG(ò;U]T'M�î;6(LN6(M�T&ï

ëˆT&LSeML �_EŠ3 T(3�]D?

d

?8o 6(8;:

p

�´6(LˆTa8=G(ë�õy8;Gsö/8c6~P&P�<;LN69ëˆT&UQó(?=6(8;:�:=6sëS6O6(eNeŽEQMOE]UF6sëNE]G~8
<;eˆT'e

ëˆR=TqEQ87^_G(LNMÆ6sëNE]G~8Ø^_LNG(M G~ò;eˆT&LNð@69ëˆEQG(8;ebëNGÆòDT&ëŽëˆT'L�T'eŽëˆEQMÆ6sëNTdëNR=T&M�3

2 P&G~eŽëO^_<=8;P·ëNE]G~8;69U´ëNR;6sëíMOT[6(eˆ<=LˆT[e!ëˆR=T�MOEQeˆMÆ6sëSPSR,ò5T�ëpö�T&T'8,MOG7:7T&U+î=LˆT[:7EFP·ëˆEQG(8De

698;:
G(ò;eˆT&LNðs6sëNE]G~8;e�EQe

N

�KH

r

LOL �

Z

ú

�

�:H

r

[

H

r

P

�

8�Q

f

>

c

�KH

r

[

H

r

P

� Q

ú

�

�RL

[

L

P

�

8

7

f

>

�RL

[

L

P

� �:� �

Q

ú

�

G

S

��T

>

�

E
�

[$H

�

H
�

�2�

8

Q

f

>

�

�

E
�

[$H

�

H
�

�2�

t

`´R=T/ô;LSepë�ëpö�GaëˆT'LˆMÆe¶îDT'8;69UQE]Y'T/ëˆR;T+:7T&îD69Lˆëˆ<=LNT/G9^„ëˆR;T�E]8;E‚ëNEQ6(UDeˆG(UQ<7ëˆEQG(8Æ698D:Oî;69LS69MOT�ëNT&LSe

^_LˆG~M�ëNR=T*69î;LˆEQG(LNE1T'eŽëˆEQMÆ6sëNT'e �:H

r

P

698D:UL

P

��?56(8;:�69LNT�P&6(U]UQT':�òD6(PSõHì(LNG(<=8D:íëNT&LNMOe'3D`´R;T

MO69ëˆLNEQP&T'e

Q

c

6(8;:

7

6(LˆT
T&LNLNG(L´P�Gsðs69LNEQ6(8;P�T[e¶6~eˆeˆG7P�EF6sëˆT[:Æö/E]ëˆR�ò;6(PSõHì~LˆG~<=8;:OëNT&LNMOe´6(8;:

Q

�

69LNT!T'LˆLNG(LaP�Gsðs6(LˆEF698;P&T'e
6(eNeŽG7P&EQ69ëˆT':Úö/E‚ëNR�G~ò;eˆT&LNð@69ëˆEQG(8;e'3„`´R=TOî;69LS69MOT�ëNT&LSe�H

r

6(8;:

Lw?(ö/R;EQPSRíEQ8=E]ëˆEF69UQU]ó�R;6@ð~T�ðs69UQ<=T'e H

r

P

698;:VL

P

?H69LNT�6(:�
p<DepëNT':íeˆ<;PSROëˆRD6së¶ëNR=T+ðs6(U]<=T+G9^–ëˆR;T

^_<=8;P·ëNE]G~8;69UÝEQe+MOE]8=EQMOE]Y'T':–35`´R=T�MOEQ8=E]MOEQY'69ëˆEQG(8�î=LNG7P�T':=<=LˆTq8;T&T':;e/ëˆR;T�ðs69UQ<=T�G9^

N

6(8;:

G9^„E‚ëSeÖì(LS6(:=E]T'8~ëSe�ö/E‚ëNRÆLˆT[eŽî5T'P�ë�ëˆGaëˆR;T/M�G7:7T'U;î;6(LN6(MOT�ëˆT'LNeMWYX[Z

N

698;:(WV\

N

3

•

G(LÖì~E]ð~T&8

ð@6(U]<;T'e�G9^ �KH

r

L]L �¶ëˆR;Td^_<;8;P·ëNE]G~8;69U–ðs69UQ<=TaEFebG~ò7ëN6(E]8;T':
òyóí6*^_G(LNö´69LS:íEQ8~ëNT&ì~LN69ëˆEQG(8íG(^wëˆR;T

^_G(LNö�6(LN:
MOGH:=T&UŠ?;ö/R=EQU]T!E‚ëSe+:7T'LˆEQðs6sëNE]ð~T'e�P'698�òDT*T
�íP�EQT&8yëˆUQócG(ò7ëS69EQ8=T':cëNR=LˆG~<=ì(R�6~:�
pG(EQ8yë

M�G7:7T'U]EQ8=ìÆ6(e´T��7î=UQ6(E]8;T':còDT'U]Gsöq3



� /10 2436587�915%;>36;>=�������369:587�= 3�� 7
	>| y�� 5<FGBb9:z
���%;>F�7�9:365

	

8*ëNR=T/P�G(8yëNE]8H<=G~<;eÝ^_G(LNM*<=UF6sëNE]G~8*G(8;T�:7T'LˆEQð(T[eÝëˆR=T/6(:C
pG(EQ8~ë�G(^;ëˆR;T�T��=6(P·ë�:7óH8;6(M�EFP�T'÷y<;69ï

ëˆEQG(8 �Žú��·?DëˆG
G(ò7ëS69EQ8�ëˆR=T�:7T&LNEQð@69ëˆEQð(T�G(^�ëˆR=T!T
�=6(P�ëdeˆG(UQ<7ëˆEQG(813„`´R=T

��
��������

!

����� �

!

� �	�

G9^

ëˆR=T/ëS698=ì~T&8yë�U]EQ8=T[69LÖMOG7:7T&U;G9^ �pú��Ý^_G~L�ëˆR;T�P�G~eŽë�^_<=8;P�ëˆEQG(8;6(U��:� ��EFeÖ:7T�ôD8=T':�G(8OT[6(PSR!ëˆEQM�T

E]8yëˆT'Lˆðs6(U �KM

�

f

>CL^M

�

��òDT&ëpöbT'T&8�P�G~8;eŽT[P�<7ëNE]ð~TaG(ò;eˆT&LNðs6sëˆEQG(8De¶^_G~L��

Z��

L

� [

úTL�t�t�t
L&úaòHó

Y��"�KJ6L�M �

Y6M Ze[

Y��"�KJ6L�M �

Y6J

] �KJ6L�M �

[

` l

a

�"�KJ_ikL�M �

d

a�h aOg:f6a

H �KJ_i

[

J6L�M ��RTJji �K���

Q��"�KJ6L�M �

`Sl

cnd

a�h aOg

H �KJ_i1L^M ��RTJji_Q

`Sl

c

���:Jji L^M � H �KJ_i1L�M �

d

aOgKh a

RTJji

Q��"�KJ6L�M �

p

�KJ6L�M � L M

�

f

>

Q��� SM! M

�

[

� �"�!# ý �

�

�

J6L�M��

[

�

�

Z

�

�

J6L�M�� Q$�

�

Q

Q

f

>

�

�

E&�

[$H

�

H
�

�2�

L

�

�

J�L^M

G

Q$� �

Z

ýuL%�"�KJ6L�M�r��

Z

�"�KJ6L�M�r Q$��� Q

Q

f

>

c

�:H�r

[

H�r

P

�DL

���:J

Z

ýGL^M �

Z

ýuL%�"�KJ

Z'&

L^M �

Z

ý$t

2 P�G~M�î;U]T&ëˆTØ:7T'LˆEQðs6sëNE]G~8�G(^´ëˆR=TØ6~:�
pG(EQ8yë�T'÷y<;69ëˆEQG(8;e�6(8;:�ëˆR;TØeŽT'8;eˆE‚ëNE]ðHE]ëpó×LNT&UF6sëNE]G~8;eaEQe

ì(EQð(T&8ÙEQ8 ù‚ú��@þŒ3w`´R=TÆì(LS6(:=E]T'8~ëSeaG9^´ëˆR;TíP�G~eŽëq^_<=8;P�ëˆEQG(8;6(U �1�%�
ö/E]ëˆRßLNT'eˆîDT[P·ëqëˆGÚ^_G(LNö�6(LN:

M�G7:7T'U1î;6(LN6(M�T&ëˆT'LNe´69LNTOù‚ú��@þ X

W
X

Z

N

Z

�"�KJ6L�M
r

� L/W)(+*

a�h ,.-

N

Z

Y����:J�L^M �

Y6J

H �:J�L^M �IL

W0/21�3 1

3

N

Z

`

8

,.4

5

[

�"�KJ6L�M ��Q

ú

�

�"�KJvQ J

h

L�M �76 H �KJ6L�M �&H �KJ

h

L�M ��RTM

W98:*

a�h ,.-

N

Z

�"�KJ6L�M � L/W<;�*

a�h ,.-

N

Ze[

���:J�L^M � H �:J�L^M �It

2�UQU9ëˆR;Tb69ò5Gsð(T�:7T'LˆEQðs6sëNE]ð~T'e–G(^yëNR=T¶P&G~eŽë1^_<=8;P�ëˆEQG(8;6(U~P&6(8aòDTbG(ò7ëS69EQ8=T':
òHódG~8=T�EQ8~ëNT&ì~LN69ëˆEQG(8

G9^ÖëNR=T�^_G(LNö�6(LN:�MOG7:7T'U �Žú��d:7<=LNE]8;ì
ö/R=EFPSRÚëNR=TÆepëS6sëNT4H �:J�L^M �+EFeaeˆ6@ð~T':–?D^_G(UQUQGsöbT[:�òHóÚ6

eŽEQ8=ì(UQT+òD6(PSõHö�6(LN:;eÖEQ8íëˆEQMOTdEQ8yëˆT'ì(LS6sëˆEQG(8ØG9^1ëNR=T
6~:�
pG(EQ8yëbMOG7:7T&U �:� �·3HA R=T'8ceˆG(UQðHE]8;ì�ëˆR;T

:=6sëS6�6(eNeŽEQMOE]UF6sëNE]G~8Æî=LNG(ò=UQT&M�T'6~PSRÆG(î7ëNE]MOEQY'6sëNE]G~8ÆE‚ëNT&LS6sëNE]G~8ÆLˆT[÷~<;E]LNT'e¶G(8=T�T'ðs69UQ<;6sëNE]G~8ÆG9^

ëˆR=T�P�G~eŽë+^_<;8;P·ëNE]G~8;69U�698;:�G~8=T*T'ðs69UQ<;6sëNE]G~8�G9^ÖE]ëNedì(LS6(:7EQT&8yë'?DE¯3 T(35G(8;Tq^_G(LNö�6(LN:�6(8;:�G(8;T

ò;6(PSõHö´69LS:íEQ8~ëNT&ì~LN69ëˆEQG(813

� /x. yu9:=�z{AC|j7�|=�>�7��369:587�= 3?� 7
	>|•y>� 5<FGBb91z
���%;<F�7�913�5

	

8#ëˆR;TÙ:=EQeNP�LNT�ëNT�6(î=î=LNG~6(PSR˜ëNR=T�8y<;M�T'LˆEFP&6(Uq:7EQeNP�LNT�ëNE]Y[6sëNE]G~8 �1�%�íG(^�ëˆR=T�ëNR=TÙî;69LˆëˆEFP�UQT

:7óH8;69MOEFPÆT'÷y<;69ëˆEQG(8ßEFe*P�G~8;eˆEQ:7T'LˆT[:×ëˆGÚò5TíëNR=TÆ^_G(LNö´69LS:×MOG7:7T'U¯3�`´R=EQe*EQe�6�î=LS69ì~MO69ëˆEFP

ðyEQT&öq?–6~e+G~8=U]ócëNR=T!8H<=MOT'LˆEFP&6(UÝMOG7:7T&U�EFe
E]8ñ^ 6(P·ëa6@ðs69EQUQ6(ò=U]T*^_G(La698;6(U]ó7eˆEQe'3D`´R;T�6~:�
pG(EQ8yë

G9^/ëˆR;T
:7EFeˆP&LˆT&ëˆTíMOG7:7T'U �k���aEFe�^_G~LˆM!<=UF6sëˆT[:ß698;:ßeˆG(UQð(T[:–3Ý`´R;T
69î;î=LˆGy6(PSRÙ69MOG(<;8~ëSeqëNG

P�G(MOî=<=ëˆEQ8=ì*ëNR=Tq:7T&LNEQð@69ëˆEQð(T[ebG(^1ëˆR;T
8H<=MOT'LˆEFP&6(U„eˆG(UQ<7ëNE]G~81?HLN69ëˆR=T'L¶ëNR;698�69î=î;LˆG��7EQMO69ëˆEQ8=ì

ëˆR=Tñ:=T&LNE]ðs6sëNE]ð~T'eÆG(^dëNR=TÚT��76~P·ëØeˆG(UQ<7ëˆEQG(8w3´KbUQT'69LNUQó(?�ëˆR;T�^_G(LNM*<=UF6sëNE]G~8˜G9^
ëˆR=Tñ:=EQeNP�LNT�ëNT

6(:�
pG~E]8yëOT'÷y<;6sëNE]G~8,:7T'îDT'8;:=eO8=G(ëÆG(8=UQóßG(8 ëˆR=T�:7óH8;6(M�EFP
T'÷y<;6sëNE]G~81?�ò=<7ëí69UFeˆGñG(8,ëˆR;T

8y<;M�T'LˆEFP&6(U–MOT�ëˆR;GH:c<;eˆT':ØëˆGíeˆG(UQð(T
E]ë'3



� �������

!F4����

�����������

`�69õHEQ8=ì ëNR=T�6~:�
pG(EQ8yëcG(^qëˆR=TÙ:7EFeˆP&LˆT&ëˆT�T'÷y<;69ëˆEQG(8 �k���ØU]T[6(:=eØëˆG�6

M�T&ëˆR=G7:ÚëˆGØî;LˆG~î;69ìy6sëˆTaëNR=T!6~:�
pG(EQ8yëdðs69LNEF69ò=UQT'e+ò;6(PSõHö´69LS:=e/EQ8�ëˆEQMOTcù]ú��sþŠ35`´R=T!6~:�
pG(EQ8yë

T'÷y<;6sëNE]G~8
G(^ �k���bLNT'6(:;e

� �

f

>

Z

� � Q��4M ��� 8��:M �

f

>

��Q�� 8

X

�KH �

f

>

��Q
	 �

7

Q

7

8 ���#H �

f

>�


�

f

8

[�p

�:M �

f

>

�

%��

� ��1�%�

Q

Q

f

>

�

�

E �

[ H

�

H �

� �

L �

Z �

L

��[

ú!t�t�t�ú

�

G

Z

ý$L �6r��

[

�6r Q

Q

f

>

c

�1H�r

[

H�r

P

�Dt �Œû��

`´R=T!6~:�
pG(EQ8yëdðs69LNEQ6(ò=UQT�6së M

r

ì(EQð(T[e/ëˆR;T*ì(LS6(:=E]T'8~ëdG9^�ëˆR;T!P�Gyepë+^_<=8;P·ëNE]G~8;69U �:� �/ö/E]ëˆR×LˆT&ï

eŽî5T'P�ë+ëˆGíëˆR=T!E]8=E]ëˆEF69U�:7EFepëNLˆEQò=<7ëNE]G~81?��

c

Z

WYX[Z���3 ��G9ëNTqëˆRD6së+ëNR=EFe�EFe�ëNR=T*:7T'LˆEQðs6sëˆEQð(T*G9^

ëˆR=T
8H<=MOT&LNEQP'69U„eŽG~U]<7ëNE]G~8Ø6(eb<;eˆT':ØE]8ØëˆR=Ta:7T�ôD8=E‚ëNE]G~8ØG(^ �:� �·?76(ebG(î=î5G~eˆT':ÆëˆG�ëNR=TqP�G~8~ëNE]8=ï

<=G(<;e´6~:�
pG(EQ8yëb^_G~LˆM!<=UQ69ëˆEQG(8 ���96 �·?Hö/R=T&LNT �

c

:7T&ô;8=T'ebëNR=Tq:7T&LNE]ðs69ëˆEQð(T+G(^1ëˆR;TaP&G(8yëˆEQ8H<=G(<De

eŽG~U]<7ëNE]G~813

	

8Øî=LS6(P�ëˆEFP�T�ëNR=TaP�G(8yëNE]8H<=G~<;eÖ^_G~Lˆö´69LS:OMOG7:7T&U �pú �ÖEFe´eŽG~U]ð~T':Æ8H<=MOT'LˆEFP&6(U]UQó(?H698;:
eŽG!EQe

ëˆR=T�P&G(8yëˆEQ8H<=G(<;e/6~:�
pG(EQ8yë/T'÷y<;6sëNE]G~8 �:� ��3;`´R=T&LNT�^_G~LˆTdëˆR;T�P�G(8yëNE]8H<=G~<;e/6(:�
pG~E]8yë�69î;î=LˆGy6(PSR

EQe�EQ8íî=LS6(P·ëNEQP&Td6*RyóHò=LNEF:Ø69î;î=LˆGy6(PSR13~`´R=TdG~îDT'LN69ëˆEQG(8;e¶G9^w8H<=MOT'LˆEFP&6(U5:7EFeNP�LNT�ëˆEQY'69ëˆEQG(8í6(8;:

6(:�
pG~E]8yëd:7GØ8=G9ëdP&G(MOM*<=ëˆT�EQ8�ì(T'8=T&LS69UŠ?;698D:�P�G(8DeŽT[÷~<;T&8yëˆUQóíëNR=T�8H<=MOT&LNEQP'69UweˆG(UQ<7ëNE]G~8�G9^

�K� �¶EFe�:=E‚ÿ„T&LNT&8yë�^_LˆG~M ëNR=Ta:7EQeNP�LNT�ëNT
6~:�
pG(EQ8yë �1�%�·3

•

G(L´:=6sëS6!6~eˆeˆE]MOEQUQ69ëˆEQG(8Æî=LNG(ò;U]T'MOebG(8;T

8=T&T[:=eqëNR=TØ:7T'LˆEQðs6sëˆEQð(TOG(^�ëNR=Tí8H<=MOT&LNEFP&69UbeŽG~U]<7ëNE]G~81?1EŠ3 T~31ëNR=TØ:7EFeˆP&LˆT&ëˆTí6~:�
pG(EQ8yëNe�6(LˆTÆEQ8

î=LˆEQ8;P&E]î=UQT�î=LˆT&^_T&LNLˆT[:–3

•

G~LaeˆT&8DeŽE]ëˆEQðHE‚ëpóÚeŽëˆ<;:=E]T[ed<DeŽEQ8=ì
ëˆR=TÆ6(:C
pG(EQ8~ëaMOT�ëNR=G7:ñG~8=T!ö´698yëSe

ëˆGß69î=î;LˆG��7EQMO69ëˆT
ëˆR=T�eˆT&8;eˆE]ëˆEQðyE]ëˆEQT'eOG(^+ëNR=TÚP�G~8~ëNE]8H<=G~<;e�MOGH:=T&UŠ?Ö698;: ëˆR=TÚP&G(8yëˆEQ8H<=G(<De

6(:�
pG~E]8yë�eŽT'T&MÆe/MOG(LNTa69î=î=LNG(î;LˆEF6sëNT(3

4

�

!

�����

!

����� � � ����� �

!

� �

!

� �����

I
EQð(T'8�6´î=LˆG~ì(LS69M ëˆR;69ëwE]MOî=UQT&MOT'8~ëSe1ëNR=T�^_G~Lˆö´69LS:
M�G7:7T'U¯?

69<7ëNG(MÆ6sëNEQPq:7E]ÿ„T&LNT&8yëˆEF6sëNE]G~8
ò=<;E]UF:=e+6�8=T'öq?D6(<=ì(MOT&8yëNT':
î=LˆG~ì(LS69M�?yëˆR;69ëdP�G~MOî=<7ëˆT[e´ëˆR;T

698;6(U]óyëˆEFP&6(UÖ:7T&LNEQð@69ëˆEQð(T[e � 6(P'P�<=LS6sëNTO<=îÙëˆG�MÆ6(PSR;E]8=TOî=LNT'P&EQeˆEQG(8 �a6(U]G~8=ì�ö/E‚ëNR×ëNR=TíG~LˆEQì(E]ï

8;69Ubî=LˆG~ì(LS69M ù �sþŒ3ÝWdE]ÿ5T'LˆT'8~ë�MOGH:=T'e�G(^�69<7ëNG(MÆ6sëNEQPÆ:7E]ÿ„T&LNT&8yëˆEF6sëNE]G~8 P&698ßî;LˆG7:7<;P&TÆëˆR;T

ëN698;ì(T&8yëOU]EQ8=T[69LÆMOG7:7T&U/G~L!ëNR=T�:7EFeˆP&LˆT&ëˆT�6(:�
pG~E]8yëOMOGH:=T&UŠ3

	

8,ëNR=EFeOî;69î5T&LOö�Tc<DeŽTcëˆR;T

69<7ëNG(MÆ6sëNEQP�:=E‚ÿ„T&LNT&8yëˆEF6sëNE]G~8�ëˆGHG(U�`�2��×K�ù]ú��sþÝG9^¶I
EQT&LNE]8;ìØ698;:��q69MOE]8DeŽõHE1ëNGíì(T'8=T&LS6sëNT

ëˆR=T�:7EFeNP�LNT�ëˆTq6~:�
pG(EQ8yë/:=T&LNE]ðs6sëNE]ð~T'e'3

2�<7ëNG(MÆ6sëNEQP�:7E]ÿ5T'LˆT'8~ëNEQ69ëˆEQG(8 G(8=UQó LˆT[÷y<=E]LNT'e � 6(8 EQMOî=U]T'MOT&8yëN69ëˆEQG(8 G(^ �ØëˆR=TÙG~LˆEQì(E]ï

8;69U„^_G~Lˆö´69LS:ÆMOG7:7T&UŠ3

	

ë�P�G(8DepëNLˆ<;P�ëNe´ì~LN6~:7E]T'8yëNe¶^_G(L/P�G~M�î;U]EFP&69ëˆT':Ø^_G(LNö´69LS:ÆMOGH:=T&UFe&?=6(8;:

T&ð(T'8*MOG7:7T&UFe�ö/R=EFPSR!P�G~8yëN69EQ8�UQT&ìy6(P�óqP&GH:=T(3���T��Hë'?s69<7ëNG(MÆ6sëNEQP�:7E]ÿ5T'LˆT'8yëˆEF6sëˆEQG(8!î=LNGH:=<;P�T[e

:7T&LNE]ðs69ëˆEQð(T'e�G(^DëNR=T/8H<=MOT&LNEQP'69U7eŽG~U]<=ëˆEQG(8�ö/R=EQPSRO69LNT/69î=î;LˆG~î=LˆEF6sëNTÖ^_G~L�G(î7ëNE]MOEQY'6sëNE]G~8!î;<=LŽï

îDGyeŽT[e&3

�  è + �1å;êŽé8� ��! �>-yè �näG-

"�� �#" �O�

!�$

����%�� ���&��•

G(L�ëNR=Td8H<=MOT'LˆEFP&6(U5T��7îDT'LˆEQMOT&8yëNe�ö�TdP�G~8;eˆEQ:7T'L¶ëNR=T
ëˆT[epë/î=LNG(ò=UQT&M

^_LˆG~M ù �@þŒ3�A E‚ëNR

�('

ëNR=TÚëNG9ëS69U
E]8=E]ëˆEF69Ua8H<=M!òDT'LØG9^!î;69LˆëˆEFP�UQT'e'?*),+ ëˆR=T�MOT'698 E]8=E]ëˆEF69U

ð(G(UQ<=MOT(?5ëNR=T�P&G(8;eŽëN6(8yëaP&G~69ì~<=UF6sëˆEQG(8�õ~T&LN8=T&U

d

a�h -

Z

d

c

?1698;:ÚëˆR=T�U]EQ8=T[69Laì(LNGsö´ëˆRÚLS6sëNT

] �:J��

Z/.

r

JD?7ëNR=Tqî=LNG(ò=UQT&M 6(:7MOE]ëNe�ëˆR;T�698;6(U]óyëˆEFP&6(U1eŽG~U]<=ëˆEQG(8

H10 �KJ6L�M �

Z

�

�
'

)�+ �

�2'

d

r

M QS���

V

�

T��Hî

5

[

�CJÖT��7î �

.

r

M �

),+ �

�2'

d

r

M�QS���
[3.

r

M
6

t



A×T*eˆG(UQð(TaëNR=T*:7óH8;6(MOEQPaT[÷~<D6sëˆEQG(8c^_G~L

d

r

Z

�Gt]ú��U�&��ú'ý

f��

P&MÆZ�R

f

>Sî;6(LŽëNEQP&U]T[e

f

>[?

.

r

Z

ýGt ýT�!R

f

>s?

�(' Z

ú'ý(f*î;6(LŽëNEQP&U]T[e&? ),+

Z

ýGt ýU���–MOZ~3„`´R=T!ðs6(U]<=T[ed6(LˆT�PSR=G~eˆT&8Úeˆ<;PSRñëˆR;69ë

P�G~6(ì(<=UF6sëNE]G~8Æ698;:Øì(LNGsö´ëˆROR;6@ð(TdT�ÿ„T'P�ëNebG9^wP�G~MOî;69LS69ò=UQT�MÆ69ì~8=E]ëˆ<;:7T~3y`´R;TdeˆE]Y'T+LS698=ì~T�EQe

ëˆLN<=8;P&69ëˆT[:ØëNG )��

�

X

Z

ú[ý

f

Z�����Z9?�)��
	��

Z

ú
����Z93D2 î=E]T[P�T'ö/EQeˆTqU]EQ8=T[69L�:7EFeˆP&LˆT&ëˆEQY'69ëˆEQG(8

ö/E‚ëNR
ü!U]G~ì9ïŒ<=8=E]^_G(LNM ò=EQ8;e�EFebT'MOî=U]Gsó~T':–3H`´R=TdëˆEQMOTdEQ8yëˆT&LNðs69U5EQeaù M

c

Z

ý}L��

Z

�yüsþ„R=G(<=LSe'?

698;:×ëˆR;TÆëˆEQMOT
eŽëˆT&î �4M

Z

��MOEQ8H<7ëˆT[e&3w`´R;TØ6(P�ëˆ<;6(UÖE]MOî=UQT&MOT'8~ëS6sëNE]G~8ßEQe�:=G(8=TíEQ8ÙëˆR;T

�_T'÷y<=EQðs69UQT&8yë���ð~G(UQ<=MOTqP�G(8DP�T&8yëNLN69ëˆEQG(8
:=T&8;eˆE‚ëpóí^_G(LNM*<=UF6sëNE]G~813

`´R=TOT
�7îDT'LˆEQMOT&8yëNeq6(LˆTÆP'69LNLˆEQT':ñG(<7ë�EQ8ñëNR=TOëpö/EQ8�T��7îDT'LˆEQMOT&8yëq^_LN6(MOT&ö�G(LNõ53„2 LN<=8

ö/E‚ëNRñëNR=TÆLˆT&^_T&LNT&8;P&T!ðs6(U]<=T[ed^_G(LqEQ8=E‚ëNEQ6(UÖP�G~8;:7E]ëˆEQG(8;e'?–P�G~6(ì(<=UF6sëNE]G~8ñõ~T&LN8=T&UŠ?–698;:ñì(LNGsö´ëˆR

LN69ëˆTOEQe�<;eŽT[:×ëˆG�ì(T'8=T&LS6sëNT�R;G(<=LNU]óñî;eŽT'<;:7G(ïŠG~ò;eŽT'Lˆðs69ëˆEQG(8;e

�

E

>

t�t�t�E��

�

G(^bëNR=TÆ8H<=M*ò5T&L

:7T&8;eˆE]ëpó(?=G~L´6!^_<=8DP·ëˆEQG(8�G(^wëNR=Tq8H<=M*ò5T&L+:=T&8;eˆE‚ëpó~3

`´R=TOM�G7:7T'U�EQeaLNT�ïŒLN<=8ñö/E]ëˆRÙî5T&Lˆëˆ<=LNòDT[:ñðs6(U]<=T[eaG9^bëˆR=TÆEQ8=E]ëˆEF69UÖP�G~8;:7E]ëˆEQG(8;e'?1P�Gy69ì~<7ï

UQ69ëˆEQG(8�õ(T'Lˆ8=T'U¯?=6(8;:cì(LNGsö´ëˆRcLN69ëˆT~3;`´R=T�P�Gyepë´^_<=8DP·ëˆEQG(8D69U �1�%��EFe�:7T&ô;8=T':�ö/E]ëˆR;G(<7ë�ò;6~PSõyï

ì(LNG(<=8;:dëNT&LNMOe'?&6(8;:aö/E‚ëNRqG(ò;eˆT&LNðs6sëNE]G~8aP&Gsðs69LNEQ6(8;P�T�MÆ6sëˆLNEFP�T'e1T'÷y<;69U(ëˆG/EF:7T&8yëNE‚ëpó

Q

�

Z

];3

`´R=TOUQ6~PSõÚG9^�ò;6(PSõHì(LNG(<;8;:�ëˆT'LˆMÆeaEFe 
p<;eŽëˆE]ô;T':�òHóÚG~<=Lq69î=LNE]G~LˆE�õH8=Gsö/UQT':7ì~T!G(^¶ëNR=TO^ 6(P�ë

ëˆR;69ë�ëˆR=T*E]8=E]ëˆEF69UÝì(<=T[eˆeˆT'e/6(LˆTqö/LNG(8;ì;?7ö/R=EQU]T�ëˆR=T�G~ò;eˆT&LNð@69ëˆEQG(8;e´6(LˆT�P&G(LNLˆT[P·ë'3=`´R;T�MOE]87ï

E]MOEQY'6sëNE]G~8 69UQì(G~LˆE]ëˆR=M�EQe!C��

•

Iq4�ù �@þŒ?Ý698D:ñëNR=TØ6~:�
pG(EQ8yë*ì(LS6(:7EQT&8yëSeq69LNTÆì(T&8;T&LS6sëˆT[:ñòHó

`Ý2 �×Kd31W+<;LˆEQ8=ìcG(î7ëNE]MOEQY'6sëNE]G~8Úö�T!î=LNT'eNP�LNEQòDT*ëˆR=T�^_G(UQUQGsö/E]8=ì
òDG~<=8;:=ed^_G~LdëNR=T�ì(LNGsö´ëˆR

698;:cP�Gy69ì(<;UQ69ëˆEQG(8ØîD69LS69MOT�ëNT&LSe�X7ýGt ý< 

.

 ˜ýGt �!6(8;:cýGt ý) 

d

 ú[ý

f

f
3

2+e+6OMOT[6(eˆ<=LˆTqG(^¶6(P'P�<=LS6(P&óíE]8�ëNR=T*G~î7ëˆEQMOE]Y[6sëNE]G~8cî;LˆG7P�T[eˆe�öbT*P&G(8;eˆEF:7T&L/ëNR=T!J��ñ4

:7E‚ÿ„T&LNT&8DP�Tqò5T�ëpö�T&T&8
ëˆR;TqLˆT&^_T&LNT&8;P&Ta6(8;:ØëˆR=TqG~î7ëˆEQMOE]Y'T':�eŽG~U]<=ëˆEQG(8;e�X

Q��

o

Z

�

>

���
���
�

V��

���
���

3

T

> �

X

Z

!#"%$'&

3'(

f

X

Z

)+*-,

&

3'(

X

Z

!."%$

&

3'( /

V

Q

�10

!#"%$

f

0

)+*-,

0

!."%$

/

V

Q

�

/

!."%$

f

/

)+*-,

/

!#"%$

/

V

	

8�ëˆR=T!:=6sëS6í6(eNeŽEQMOE]UF6sëNE]G~8�T
�7îDT'LˆEQMOT&8yëNe�ëˆR=T!E]8;E‚ëNEQ6(Uwì(<;T'eNeŽT[e�69LNT�G(ò=ëN69EQ8=T[:�òyó�eˆE]ì~8=E‚ô;ï

P&698yë/î5T&Lˆëˆ<=LNò;6sëNE]G~8;e´G9^�ëˆR;TqLˆT&^_T&LNT&8;P&Tdðs69UQ<=T[e&?=ö/E]ëˆR

d

\

Z

�

d

r

698;:

.

\

Z

� �

.

r

3

�

���G���

!

�x���

!32V4

� �	�

2

��� � �

2d:�
pG(EQ8yë�P&69UFP�<;UQ69ëˆEQG(8;e´69LNTa6*<;eˆT�^_<;U„ëˆGHG(U„^_G~L´eˆT&8DeŽE]ëˆEQðHE‚ëpóí6(8;69UQóyï

eŽEFe&3s2�ö/EF:7T&UQó�<;eˆT':*M�T[6(eˆ<=LNTbG(^;ëˆR;TbLNT&UF6sëNE]ð~T�PSR;6(8=ì(TbE]8!ëˆR;Tb^_<;8;P·ëNE]G~8;69U=:7<;TbëNGdLNT&UF6sëNE]ð~T

PSR;698=ì~T'e�EQ8
ëNR=TqEQ8=î=<7ë�î;6(LN6(MOT�ëˆT'LNe�EFe/ì(EQð(T'8
òHóÆëNR=TqUQG(ì~6(LˆE]ëˆR;M�EFP
eŽT'8;eŽE]ëˆEQðHE‚ëNE]T[e

4

Z

Y+U]G~ì��

�

M'5

�

w Y+U]G~ì�) �KM

r

�Dt

•

EQì(<;LˆTÆú�eˆR=Gsö�e�ëˆR;TqU]G~ì~69LNE]ëˆR=MOEFP
eˆT&8DeŽE]ëˆEQðHE‚ëpó
G9^�ëˆR=TqMOT[698�ð(G~U]<=MOT�:7T'8;eˆE‚ëNE]T[e/E]8�ò;E]8;e

�!698D:Øü�6së¶ëNR=T
T&8;:
G9^–ëNR=TI�~üqR=G~<=LSebeˆE]M!<=UF6sëˆEQG(8
E]8yëNT&LNð@6(UDö/E]ëˆR
LˆT[eŽî5T'P�ëbëNG*ëNR=T
E]8=E]ëˆEF69U

M�T[698�ð(G~U]<;M�Tq:7T'8;eˆE‚ëNE]T[e �_UQT�^Ÿë��/698D:ceˆUQG(î5T'e �_LNEQì(Ryë���3

•

G~L�òDG(ëˆR�P&6~eŽT[e´LˆT'UQ69ëˆEQð(TqPSR;6(8=ì(T[e

E]8ñëˆR=TOò=EQ8×eˆU]G~îDT[e
R;6@ð(T�6ØP�G~8;eˆEQ:7T'LN6(ò=UQó�eˆMÆ69UQU]T'LdEQ85';<;T&8;P&T!G~8ÚëˆR;T*ô;8D69U�LˆT[eŽ<;U‚ë
ëˆR;6(8

LˆT'UQ69ëˆEQð(TaPSR;698=ì~T'e´EQ8ØëNR=TqMOT'6(8�:=T&8;eˆE‚ëNE]T[e&3

� �

!

�

4

������� ��� �

!

� �	���

A�Tqô;LSepë+P&G(8;eˆEF:7T&L+6ÆP&G(MOî=UQT�ëNT�eŽT&ë+G9^�R=G(<;LˆUQóØG~ò;eŽT'Lˆðs69ëˆEQG(8;e'?7E¯3 T(3

69UQU1î;69LS69MOT&ëˆT&LSe�G9^�ëˆR=T�eˆG(UQ<7ëNE]G~8 � MOT'698�P&G(8;P&T&8yëˆLS6sëNE]G~8;e´698;:�eˆU]G~îDT[e/E]8�T[6(PSRcò=E]8 �/69LNT

G(ò;eˆT&LNð(T[:OG(8;P&T+T&ð~T&LNóÆeŽEQM*<=UF6sëNE]G~8íR=G~<=L'3H`´R=TdëˆT[epë´î=LNG(ò=UQT&M P�G~8;eˆEQeŽëNebG9^1ëNR=T
T&ð(G~U]<=ëˆEQG(8

<=8;:7T'L/òDG(ëˆRÚP�Gy69ì~<=UQ69ëˆEQG(8Ø6(8;:cì(LNGsö´ëˆR13

	

8

•

EQì(<=LNTv��ëNR=TqLNT'eˆ<=U‚ëSe�^_G(L/LNT'P&Gsð(T&LNEQ8=ì!eˆE]M!<=U]ëN698;T&G(<DeŽUQóOëˆR=TqEQ8=E]ëˆEF69Uw:=EQeŽëˆLNE]ò;<7ëˆEQG(81?

d

698D:

.

6(LˆT�eŽR=Gsö/8w35`´R=EFedT
�7îDT'LˆEQMOT&8yëaEQe
PSR;69UQUQT&8=ì~E]8=ìØ^_G(LdëˆR=T�EQ8yð~T&LSeŽEQG(8�î;LˆG7P�T[:7<=LNT

eŽEQ8;P�TdîDT'LŽëN<=LNò;6sëNE]G~8;eÖ8=Gsö#69ÿ5T[P·ë�8=G9ë�G(8=UQó*ëNR=T
E]8=E]ëˆEF69U„:7EFepëNLˆEQò=<7ëNE]G~81?yò=<7ë�ëˆR=T
:7óH8;69MOEFP



1 2 3 4 5 6 7 8
-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

Bin Number

¶ 
lo

g 
V

i (
tF

) 
/ ¶

 lo
g 

V
(t0 )

Bin 4
Bin 8

1 2 3 4 5 6 7 8

-0.1

0

0.1

Bin Number

¶ 
lo

g 
S

i (
tF

) 
/ ¶

 lo
g 

V
(t0 )

Bin 4
Bin 8

�����

Ò��HÒ

À�‡yi�…}t[•[k&lp|€mp‡yoq|}{Ö‹niSry‹n|€mp|}•9|€mp|‚iN‹�t'uymp‡yi�oqi·k&ra•@t[…}x~oqi�•~iSr~‹n|€mp|‚iN‹Ý|}ra”~|‚r~‹1™/k'ry• $�¸/œ l·œ m·œ

mp‡~i´|}ry|€mp|‚k'…5•~|}‹Œmnlp|}”yx~mp|}t'rO”y|}rOk·•@iˆlŽk'•[iN‹��Ÿ…}iNu]m
	Ök&rH•*”y|}rO‹n…}t[j7iS‹��Flp|}•[‡sm
	ˆœ

1 20 40 60 80 100
10

-4

10
-2

10
0

No. of Iterations

No
rm

al
ize

d 
Va

lu
e

RMS
Cost Fun

10
-3

10
-2

10
-1

10
0

0

1000

2000

3000

4000

5000

6000

Particle Volume [ mm3 ]

Vo
lu

m
e 

De
ns

ity

Reference
Perturbed
Optimized

1 20 40 60 80 100

10
-6

10
-4

10
-2

10
0

No. of Iterations

b 
an

d 
s 

Va
lu

es

s Optimized
s Reference
b Optimized
b Reference

�����

Ò
�;Ò

µ¶iS‹nx~…}mp‹1uFt&l�lpiS{Nt&•[iNlp|}ry•����@‘
�Øk'ry•���uFt&l�{St[k'•[x~…‚k&mp|}t[r!k'ry•a•'lpt·¸�mp‡quQlpt[oÞk´{St[oqj~…}iNmpi

‹niˆmbt&u–‡yt'x~lp…€†!t[”y‹niˆlp•[k�mp|‚t'ry‹Sœ

T'÷y<;6sëNE]G~8ÙE‚ëSeŽT'U‚^ �ŸëNR=LˆG~<=ì(R

d

698D:

.

��3Ý`´R=TÆUQT�^Ÿë

•

EQì(<;LˆTW�cî;6(8=T&U¶eˆR=Gsö�e
ëNR=Tí:7T'P&LˆT[6(eˆT

G9^�ëˆR;T�P&G~eŽë�^_<=8;P�ëˆEQG(8×6(8;:ÚJ �×4�T&LNLˆG~L+ö/E]ëˆR�ëNR=T�8y<;M*ò5T&L+G(^¶E]ëˆT&LS6sëNE]G~8;e'3D`´R=T�P�T&8yëNLN6(U

î;698=T'UweˆR=Gsö�e�ëˆR=T*T
�=6(P�ë'?=LNT�^_T'LˆT'8;P�T~?=îDT'LŽëN<=LNòDT[:–?;698D:�G(î7ëNE]MOEQY&T':�:7EFeŽëˆLNE]ò=<=ëˆEQG(8;e�69ë�ëˆR;T

E]8=E]ëˆEF69U;ëˆEQMOT(3H`´R=T�G(î=ëˆEQM�EQY&T[:Æ:7EFepëNLˆEQò=<7ëNE]G~8ÆEQe¶ðyEFeˆ<;69UQU]ó!EQ:=T&8yëˆEFP&6(U=ëˆG�ëˆR=T�LNT�^_T'LˆT'8;P�T/G~8=T(3

`´R=T�LNE]ì~R~ëbî;698=T'UDeˆR=Gsö�e�ëNR=T+LNT�^_T'LˆT'8;P�T�6(8;:ÆG(î=ëˆEQM�EQY&T[:

d

698D:

.

?~ö/R=EFPSRí69LNT/LNT'P�Gsð~T&LNT':

6(P&P&<=LS6sëˆT'U]ó~3�J/T'P&Gsð(T&LNEQ8=ìñG~8=U]ó ëˆR=T�EQ8=E‚ëNEQ6(U�:7EFepëNLˆEQò=<7ëNE]G~8�G~LOG(8=UQóßëˆR;TcîD69LS69MOT�ëNT&LSe

.

?

d

EFeqT[6(eˆE]T'La6(8;:�E]8Ùò5G9ëNRÙP'6(eˆT'edëˆR;TÆM�EQ8=EQMOE]Y[6sëˆEQG(8Ùî=LNG7P�T[:7<=LNTOP&G(8Hð(T'Lˆì~T'edE]8ß6�eˆMO6(U]U

8y<;M*ò5T&L/G9^�E]ëˆT&LS6sëNE]G~8;e'3

2+:=:7E]ëˆEQG(8D69U–:=6sëS6!6~eˆeˆEQM�EQUF6sëˆEQG(8
T
�7î5T&LNE]MOT&8yëSebö�T&LNTdP'69LNLˆEQT':íG(<7ë�698D:ÆëˆR;Td^_G~U]UQGsö/EQ8=ì

P�G(8DP�UQ<;eŽEQG(8De/öbT'LˆT�:=LN6@ö/8 X �pú �/`´R=T�LNT'P&Gsð(T&LNóíî=LNG7P�T[:7<=LNTqöbG~Lˆõ7e´T&ð~T&8�E]^ÖG(ò;eˆT&LNðs6sëNE]G~8;e

69LNT
î;LˆGsðHEF:7T':
E]8�G~8=UQóØeŽG~MOTqG9^�ëˆR=Tqò=EQ8;e'3DX+GsöbT'ð(T&L´UQT'eNe´^_LNT'÷y<=T&8yë/G(òDeŽT'Lˆðs6sëNE]G~8;e´EQ8�6(U]U

ò=E]8De¶69LNT´ëˆG*òDTdî=LˆT&^_T&LNLˆT[:!ëˆGq^_LNT'÷y<=T'8~ëbò=<7ëbîD69LˆëˆEF69U=G~ò;eŽT'Lˆðs69ëˆEQG(8;e�N �1�%�BJdò;eˆT&LNðs6sëˆEQG(8De�G9^

ëˆG9ëS69U7eˆ<=LŽ^ 6~P�T~?[8H<=M!òDT'L'?@G~LÝð~G(UQ<=MOT�:7T'8;eˆE‚ëpóqUQT'6~:qëˆGa6dì(GHG7:qLˆT[P�Gsð~T&LNódG(^D:7T&8DeŽE]ëˆEQT'e�G(8;U]ó

E]8�ëˆR;TíUQ6(Lˆì~TÆeŽEQY&TÆò=EQ8;e�N��:� �

•

G~LqëˆR=TØì(LNGsö´ëˆR�T'÷y<;6sëNE]G~8ñëNR=TíG~î7ëˆEQMOE]Y[6sëˆEQG(8ßP&G(8Hð(T'Lˆì~T'e

^ 6(eŽëˆT&L*ö/E‚ëNRÙëˆR=TØP&G(8yëˆEQ8H<=G(<De�6(:�
pG~E]8yëSe&?w6~e�P�G~MOî;69LNT':×ëˆG×:7EQeNP�LNT�ëNTí6(:�
pG~E]8yëSe�N��:� �q`´R;T

G(î7ëNE]MOEQY'6sëNE]G~8*î5T&Lˆ^_G(LNMÆeÝeˆE]MOEQUQ6(LˆUQóaö/E‚ëNR�:=EQeNP�LNT�ëNTb6(:C
pG(EQ8~ëSe�G(ò7ëS69EQ8=T':qòHóaëNR=T�:=E]LNT'P�ë�6(8;:

ëˆR=T�6(<7ëˆG~MO69ëˆEFP
E]MOî=UQT&MOT&8yëS6sëˆEQG(8w3

� �×æ¶ãdé%�Žè�-HêŽæ¶ã�-���ã+ç ��è/ä=è�å}��� æÖå��

	

8
ëNR=EFe´î;69î5T&L/ö�TaR;6@ð(Ta:7EFeˆP&<;eˆeˆT':ØëˆR;T�69UQì(G(LNE]ëˆR=MOEFP�ëNGyG~UQe´8;T&T':=T':Ø^_G(L/EQ8yð~T&LSeŽTa69T'LˆGyeŽG~U

M�G7:7T'U]EQ8=ìD3bKbG(8yëˆEQ8H<=G(<;eÆ6(8;:�:7EQeNP�LNT�ëNT�6(:�
pG~E]8yëNe�G(^dëNR=T�E]8yëˆT'ì(LNG9ïn:7E]ÿ5T'LˆT'8~ëNEQ6(U´î;69LˆëˆEFP�UQT

:7óH8;69MOEFP´T'÷y<;6sëNE]G~8OR;6@ð(T/ò5T&T'8í:7T&LNE]ð~T':–?9ëˆG(ì~T�ëNR=T&L�ö/E]ëˆRÆ^_G~LˆM!<=UF6(e�^_G(LbeŽT'8;eŽE]ëˆEQðHE‚ëpó�P�GHT�^Ÿï

ôDP�EQT&8yëNe�ö/E]ëˆR�LNT'eˆîDT[P·ë�ëˆG
ëˆR=T/P&G~69ì~<=UF6sëˆEQG(8*õ(T&LN8=T'U¯?[ëˆR;T�ì~LˆGsö´ëNR�LS6sëˆT~?s698;:!T&MOEFeˆeˆE]G~8!6(8;:



:7T&î5G~eˆE‚ëNE]G~8�P�GHT
�íP&E]T'8~ëSe&3���<=MOT'LˆEFP&6(UsëˆT[epëSe1ö�T&LNT¶P&6(LˆLNE]T[:+G~<7ëw<;eˆEQ8=ì+6�eˆE]8;ì(UQTÖP�G(MOî5G(8=T'8yë

î;69LˆëˆEFP�UQT�:=óy8D69MOEQP'e�M�G7:7T'UHî=LˆG~ò=UQT&M�3

•

LNG(MBR=G~<=LˆUQóaMOT'6(eˆ<=LNT&MOT&8yëSeÝG(^=ëˆR;T�îD69LˆëˆEFP�UQTbeˆE]Y'T

G(8=TqP&6(8
LNT'P&Gsð(T'LbëNR=TqEQ8=E‚ëNEQ6(U1:7EFepëNLˆEQò=<7ëNE]G~8�6~e´öbT'U]U16~e�ëˆR=TqîD69LS69MOT�ëNT&LSebG(^ÝëNR=TqMOG7:7T&UŠ3

`´R=T*Gsð~T&LS69UQUÝP�G~8;P�UQ<;eˆE]G~8ÚEFe+ëNR;6sëaðs69LNEQ69ëˆEQG(8;6(UÝ:=69ëN6
6(eNeŽEQMOE]UF6sëNE]G~8ÚEQea6í^_T'6(eˆEQò=U]TO69î=ï

î=LˆGy6(PSR�^_G~LdîD69LˆëˆEFP�UQT�:7óH8;6(MOEQP'e&3–WdEQeNP�LNT�ëNT�6~:�
pG(EQ8yëNeaP&6(8ñò5T!G~ò7ëN6(E]8=T[:ÚT[6(eˆE]UQó�ëˆR=LNG(<;ì(R

69<7ëNG(MÆ6sëNEQPa:7E]ÿ5T'LˆT'8yëˆEF6sëˆEQG(8w?7ö/R=E]UQT�P�G~8yëˆEQ8y<;G(<;e/6~:�
pG(EQ8yëNe/69LNTa6O<;eŽT&^_<=Uw6(U‚ëNT&LN8;6sëNE]ð~T(3

2 ëNT'eŽëˆEQ8=ì�G9^bëˆR=TÆP�G~MOî=<7ëN69ëˆEQG(8;6(U�ëˆGHG(UFeq:7T&ð~T&UQG(î5T':ñE]8×ëˆR=EFeaî;6(îDT'La^_G(Lq6cLˆT[69UQEQeŽëˆEFP

ì(LNGsö´ëˆRñî;LˆG~ò=U]T'M%G9^�ëˆR;LˆT'T�ïneŽî5T'P&E]T[e
6(T&LNG~eˆG(UFe+EFeqî=LNT'eˆT&8yëNT':ÚEQ8 ù‚ú��sþŒ3

•

<7ëN<=LNTÆöbG~Lˆõ�ö/EQU]U

T
�HëˆT'8;:OëˆR;TdEQ8Hð(T&LSeˆT�MOGH:=T&UQE]8=ì!G9^w6(T&LNG~eˆG(UFe�ëˆG!E]8;P&U]<D:7T
PSR;T&MOEQP'69U5698;:OëNR=T&LNMOG7:7óH8;69MOEFP

î=LˆG7P&T'eNeŽT[e&3�`´R=T�ëNT'PSR=8=EF÷y<=T'eØ:7T&ð~T&UQG(î5T':,ö/E]UQU�ò5T�<;eŽT[:�<=U‚ëNE]MÆ69ëˆT&UQó ëNGßîDT'LŽ^_G~LˆM :=6sëS6

6(eNeŽEQMOE]UF6sëNE]G~8
EQ8Ø^_<;U]UwëˆR=LNT&T&ïŒ:7EQMOT&8;eˆEQG(8;6(U5MOG7:7T'UQe'3

! �� �wåG�wã+é8�>-

Â'œ��+œH•1…}”7iNlprD‘��dœHz({Ž‡yoq|‚•(m¶k&rH•�•�œ7•1”7iS…Ÿœ�•Ýk&lp|‚k�mp|‚t'rHk&…–•yk�mŽkak'‹n‹n|}oq|}…‚k&mp|}t[rÆuFt&lbmnlpt'j7t[‹nj~‡yiNlp|}{

{ˆ‡~iSoq|}‹Œmnln†�oqt9•~iS…}|}ry•(œ��[t[x(lprHk'…;t'uÝ³�iNt[jy‡s†(‹n|}{·k'…;µ¶iS‹ni·k&lp{Ž‡cÂSš@— �ŸhdÂ�& 	ˆž}Â·¹'Á[›[È��yÂ�¹'Á $@¹s‘�Â·Á'Á@Èsœ

—sœ !�œ Å
œ´³�iS…}”Hk&lŽ•,k'ry•��~œ �+œ´z9iS|}r~uQiS…‚•;œ´v�t@k'•'xy…‚k&mp|}t'r k'ry•,•'lpt·¸�mp‡,t'uqkño
x~…}mp|}{St'oqj7t[r~iSrsm

k'iNlpt'‹nt[…Ÿœ	��

����������������
�����

��� �!���#"���$&%'�(�)�+*�%-,.*/�0%'��*�%Ö›�& � & 	ˆž ™sÈ[—�1 ™sÈ'Á9‘–Â·Á'Á[›(œ

&9œ/•¶rH•(lpiSk'‹�³blp|‚iˆ¸�k'r~“7œ=•w•'k'…}xyk&mp|}ry•�h´iNlp|}•'k&mp|}•@iS‹SžHƒ1lp|}r~{S|}jy…}iS‹´k&rH•ÆÀ5iN{ˆ‡~ry|‚ÔsxyiS‹¶t'uÝ•b…}•'t'lp|€mp‡21

oq|}{´h´|43=iNlpiSrsmp|‚k&mp|}t[r�!~lpt[rsmp|}iNlp‹Ö|}rÆ•bj~jy…}|}i·•OÅOk�mp‡yiSo�k�mp|‚{N‹S‘7z9‰Œ•´Å
‘y—&š[š[š9œ

™(œ�Å
œ 5„œ6�[k'{St'”y‹nt[r;œ879�����+�
:;%'��$0��� <=
>�?�
$�:;

<A@2B2%'�'�A*C:�
��D%/� ����E'œ v�k'o
”(lp|‚•~•[i

•

r~|‚•[iNlp‹n|€mŠ†

ƒ1lpiN‹n‹S‘5Â·Á'Á[Á9œ

¹sœF�~œ(Ûbts{Si·•yk&…Ÿœ9h´iSjHk�lnmpoqiSrsm�t&u–•1…}iS{Nmnlp|}{·k'… #˜v�t'oqjyx(mpiNl�•1ry•'|‚r~iSiNlp|}ry•(‘(Û�t'lnmp‡HG�iS‹Œmpiˆlpr

•

ry|41

•@iNlp‹n|€mŠ†s‘(‡smnmpjDž I
I�¸�¸�¸/œ iS{Si[œ r~t'lnmp‡s¸�iS‹ŒmpiˆlprDœ i·•~x.Iaryts{Si·•~k'…JI&…}”(uF•[‹Sœ ‡smpoq…

›9œ/•�œ~z~k'ry•~x*k'ry•*vbœyÀ�œ~’�t&lŽ•~iSr;œ–• !~lŽk&oqiN¸�t&lp“
uFt&l�mp‡yi�ÛbxyoqiNlp|}{·k&…7ÀDlpi·k�mpoqiSrsm�t&u–•biˆlpt[‹nt[…

h�†(rHk&oq|‚{N‹Sœ�KL@�@�� �0%M��N6��:O%'���A*P���.Q?�
$(B�%':��
$��A*/<�™@¹9ž ™sÈ'¹��s™[Á@Ès‘D—'š[š &(œ

Èsœ/•�œsz(k'rH•(xD‘&h
œ'h/k'iN‹n{SxD‘[k'ry•q³dœ µ+œ@v�k&lpoq|}{Ž‡Hk'iN…_œ[h´|€lpiS{NmÝk'ry•a•�•�ÓŒt'|‚rsmÝz9iSry‹n|€mp|}•9|}m¯†a•¶rHk&…}†(‹n|}‹

t'uDv�‡~iSoq|}{·k'…HR/|}ryiNmp|}{¶z9†(‹ŒmpiSoq‹„¸Ö|€mp‡�R�ƒwƒ�ž@‰9�dÀ�‡~iSt'ln†
k'ry•qz(t&uQm¯¸�k&lpi¶À5tst'…}‹SœSKT$�:;

<A@2B2%'�'�A*

U

�2V����M
!��:O%'�2$ &[È9ž ¹'š $�&W1Œ¹&š[Á'›(‘5—'š'š�&(œ

$9œ´h
œSh/k'iS‹n{NxD‘�•�œ�z~k&rH•(xD‘Nk'rH•�³dœ µ�œ&v�k&lpoq|}{Ž‡Hk&iS…Ÿœ�XŠh´|€lpiS{Nm„k'ry•/•�•&ÓŠt[|}rsm–z9iSry‹n|€mp|}•9|€mŠ†/•¶rHk&…}†(‹n|}‹

t'uHv�‡yiSoq|}{·k&…�R/|‚r~iNmp|}{�zs†(‹ŒmpiSoq‹D¸Ö|€mp‡YR�ƒÝƒ�ž�‰n‰.�´•Ýk'…}|‚•yk�mp|‚t'rak&rH•/Û�x~oqiNlp|}{·k'…s•–Ü(j7iNlp|}oqiSrsmp‹MZ~‘

KT$�:;

<A@2B2%'�'�A*

U

�2V����M

�2:O%'�2$ &[È9ž ¹'š'Á@ÈW1Š¹sÂ[ÂS™(‘5—'š[š &(œ

Á9œ/•�œ7z(k'rH•(xDœ~ƒ1|‚iN{SiN¸Ö|}‹ni
ƒ„t'…€†~r~t[oq|‚k'…5z(t'…}x~mp|}t[r~‹¶t&u1•biˆlpt[‹nt[…Dh�†(rHk&oq|‚{N‹SœHz9xy”~oq|}mnmpiS•;‘~—'š'š'™(œ

ÂSš(œ�•�œ=z(k'rH•(xD‘yh
œ ÛdœHh´k'iS‹n{Sx;‘;À�œ;v�‡Hk&|Ÿ‘D³dœ µ�œ;v�k�lpoq|‚{Ž‡Hk&iS…Ÿ‘��~œ �dœ=z(iS|}r~uQiS…‚•;‘;ƒ„œ ³dœ���iN‹n‹S‘=k'ry•

À�œ [wœ1•¶rH•~iˆlp‹nt[rDœÆv�t[oqj~x~mŽk&mp|}t'rHk'…�•b‹nj7iS{ˆmp‹dt&ub™'h61 •�k�l
v�‡yiSoq|}{·k&…�h/k�mŽkÆ•b‹n‹n|}oq|}…]k�mp|}t[rÚ|}r

•�mpoqt[‹njy‡~iNlp|}{bÅ�t9•~iS…}‹Sœ !�œ9h´k&lpiSo�k �Ÿi·•=œ 	ˆ‘9hb†~ryk'oq|}{Öh/k&mŽk/h�lp|}•@iNr!•¶jyj~…‚|}{·k�mp|}t[ry‹�z9†(‹ŒmpiSoq‹S‘

R/…}x9¸�iNlb•b{·k'•~iSoq|}{/ƒ1xy”~…}|‚‹n‡~iNlp‹S‘H—'š[š&™~œ

Â'Â[œ!•+œyz(k'rH•(xD‘9h
œ Û+œ9h/k'iS‹n{NxD‘y³dœ µ+œyv�k&lpoq|}{Ž‡Hk&iS…Ÿ‘yk&rH•!À�œHv�‡yk'|Ÿœ1•b•&ÓŒt'|}r9mÖz(iSr~‹n|}mp|}•9|€mŠ†*•¶rHk'…41

†(‹n|‚‹Öt&u–µbiN•[|}t[ryk'…„•¶|€l�\�xyk'…}|€mŠ†�Å�t9•~iN…‚‹Sœ�z(x~”yoq|€mnmpi·•=‘~—'š[š &(œ

Â·—9œ�•�œ�z(k'rH•(xD‘�G˜œW[;|]k&t~‘&³dœ µ�œ&v�k&lpoq|}{Ž‡Hk&iS…Ÿ‘·h
œ)�biSryàNi[‘·k&rH•F�~œ �dœ�z(iS|}r~uQiS…‚•;œ'‰Šr9•@iNlp‹niwÅ�t9•(iS…}|}ry•

t'u�•biNlpt'‹nt[…Öh�†(rHk&oq|}{S‹

•

‹n|}ry•Ø•�•�ÓŒt[|}rsmp‹]�cÀ�‡yiNt'lpiNmp|}{·k&…�k&rH•�Û�x~oqiNlp|}{·k'…Öv�t'ry‹n|‚•~iˆlŽk&mp|}t[r~‹Sœ

z(x~”yoq|€mnmpi·•;‘~—&š[š&™~œ

Â�&(œ/hdœ)��iNryàSi[‘)�~œ �dœ&z9iS|}r~uQiS…‚•;‘�•�œ�z~k&rH•(xD‘�G˜œW[D|‚k&t~‘�k&rH•�³dœ µ+œ�v�k&lpoq|}{ˆ‡yk'iS…Ÿœ'‰Šr9•@iNlp‹niwÅ�t9•(iS…}|}ry•

t'u1•¶iNlpt[‹nt'…5h�†(ryk'oq|}{S‹SœÝz(x~”yoq|€mnmpi·•=‘(—'š'š'™~œ

ÂN™~œ-�(œ �+œ=z9iS|}r~uFiN…]•Æk&rH•Æz7œ Ûdœyƒ–k'rH•(|}‹Sœ^KT$�:;

<A@2B2%'�'�A*;*�B2%':#��<P$���_`�
�.�-@HB�_
<P�A*/</aS79�M

:8�
���b@H

�4c

� ��$��A

�d$0
e*)� �(:;�
$&%-*�B2�
�DED%�af�[t[‡~reGß|}…}iN† ##z(t[r~‹S‘y‰¯ry{[œ}‘;Â·Á'Á@È9œ

Â·¹9œ/µbk'…€u ³�|}iNlp|}ry•(œ À5k'ry•'iSrsm [;|‚r~i·k&l k'ry• •b•&ÓŠt[|}rsm Å�t9•(iS… v�t[oqj~|‚…}iNl·‘

‡smnmpjDž I�I·¸�¸�¸/œ k&x~mpt9•(|�3–œ {St'o I�mŽk&oq{[œ


