
���������
	���
��������
���
	����
������	������������������� !�#"����$�����

%'&

�#�(�
)*�$	��

&

�,+(�
�����$�-�

%

���$�$.�/ �0.'�
�

132547684�9�:�;<4�=>9<?'@�4�254�ACBEDFA7=

G-H�I7J�K3K

L�MFNCO-PFQSR$N7TVUWQSXVY�Z�[�\-]FN^N7PFUW_a`$P3b

K

Xdc<]

I

Qa`Fef\-c<gih>j$k$lFe

G

]FUWX5TW`�_SQa`

m

UWXWN5nfN7PpodqF]3`$r�N^U7s ]Fqps N7b3]fs `$]fe3tCZ>TW`>odqF]3`$r�N^U7s ]Fqps N7b3]fs `$]3u

v�w<x^y�z7{p|$y>}�L�MFN�_a`�XWXWQ

I

NCUWZ$_SQab0tCZFbFN^_fQSU-`
~3`$TVXWQ

I

_SN#•3`�UWN7b�UWQatC]F_a`�XWQSZ>P0tCZFbFN^_

[€Z>T<X5MFN�UWX5]3bFY�Z�[pN7`$TVX5MFqF]3`$r�N�tCQ

I

TVZ�•V~3M>Y>UWQ

I

Ud`$P3bCTVZ

I

rCtCN

I

M3`$PFQ

I

U7s>‚ƒX

I

Z>PFUWQSUWXWU

Z�[�~3`$TVXWQ

I

_SN^U
QaP>XWN7TW`

I

XWQaPF„'•>Y�R�`$TVQSZ>]FUCXVYF~3N^U�Z�[dtCN

I

M3`$PFQSU5tCU
U5]

I

M0`�U�N^_a`�UWXWQ

I

•

•3TVQSXWXW_SNd[€Z>T

I

N^Ud`$P3b�[ƒTVQ

I

XWQSZ>Pfs3…�N^U5]F_SXWU�Z�[<_a`$•3Z>TW`�XWZ>TVY
N^†F~3N7TVQatCN7P>XWU-M3`7R$NdU5MFZ�‡dP

X5M3`�X�X5MFN�„>TW`�QaP#U5M3`$~3N-M3`�U�`Ct
`�ˆVZ>T�QaP>‰f]FN7P

I

NdZ>P
X5MFN�[ƒTVQ

I

XWQSZ>P3`�_<~3TVZ>~3N7TVXWQSN^U�Z�[

[ƒ`$]F_SXd„$Z>]F„$N$sp‚VP�Z>TWbFN7T�XWZ#N7P3`$•F_SNCTVN7`�_SQSUWXWQ

I

UWQatC]F_a`�XWQSZ>PFU�QSXdQSU-X5MF]FU�Qat
~3Z>TVX5`$P>X

XWZ
QaP

I

_a]3bFN�X5MFN

I

`$~3`$•FQS_SQSXVY�XWZ#tCZFbFN^_8PFZ>P>•ƒU5~3MFN7TVQ

I

`�_8~3`$TVXWQ

I

_SN^U-QaP>XWZ
X5MFN-UWQatC]>•

_a`�XWQSZ>P
UWZ�[€XV‡�`$TVN$s>LfZC`

I

MFQSN^R$NdX5MFQSU�„$Z>`�_p`-PFN^‡

I

_a`�UWU�Z�[<~3`$TVXWQ

I

_SN^U�‡�QSX5M
R�`$TVQa`$•F_SN

U5M3`$~3N^U�M3`7R$N
•3N^N7PŠQat
~F_SN7tCN7P>XWN7b'QaP0X5MFNC_a`�XWXWQ

I

N#UWZ$_SQab'tCZFbFN^_€s8L�MFNCU5M3`$~3NCZ�[

X5MFNC~3`$TVXWQ

I

_SN^UCQSU�bFN^U

I

TVQa•3N7b'•>Y�`$PŠ`$TW•FQSX5TW`$TVYŠPF]3tC•3N7T�Z�[�~FQSN

I

N^‡�QSUWN�U5~3MFN7TVQ

I

`�_

~3`�X

I

MFN^U7s<L�MFQSUC_SN7`$bFU
XWZŠ`�„$Z>ZFbE•3`�_a`$P

I

N�•3N^XV‡�N^N7P'X5MFN

I

Z>t
~3]FX5`�XWQSZ>P3`�_

I

Z$UWX

Z�[fX5MFN

I

Z>P>X5`

I

X�bFN^XWN

I

XWQSZ>P�`$P3b

I

`�_

I

]F_a`�XWQSZ>P�Z�[<QaP>XWN7TW`

I

XWQSZ>PFU�•3N^XV‡�N^N7P�~3`$TVXWQ

I

_SN^U

`$P3b#X5MFNCTW`$PF„$N-Z�[�~3`$TVXWQ

I

_SNCU5M3`$~3N^U-`7R�`�QS_a`$•F_SN$s

‹ Œ3•�Ž3•f•�‘
’�“<Žp”W•-•

•-–

4-—€=>2525˜€™74Cš5DF—›˜€?#œŠDp?p4�—<•VBEDFA7=
=>9<?�@�—€=F™74FžfŸ� F >¡�¢€Ÿ�£>¤Vž>@�—€=F™74�=>9<?�BEDFA7=pžpŸ� F F #¢€Ÿ�¥>¤ƒ¦8˜€š

=
§<=>A^25˜€™7—›4�;<=Fš54$?�š5˜›œ�¨f—€=>25˜›DF9�œŠDp?p4�—p©ƒDFAd2

–

4
š525¨<?pª�D>©84$=>A^2

–<«

¨<=>¬F4�œŠ˜€™7A^DF­V§

–

ªpš5˜€™�š�=>9<?

A^Dp™^¬�œŠ4$™

–

=>9f˜€™�š�š5˜›œŠ˜›—€=>Ad25D�2

–

4
?p˜€š^™7A^4�254C4�—›4�œŠ4�9p2dœŠDp?p4�—�•W®d¨f9<?f=>—›—<=>9<?'1325A7=F™^¬<ž<Ÿ� 3¯> 

¢S¥>¤ƒ¦^°8±V2#™7DF9<š5˜€š52^š�D>©d§<=>A^25˜€™7—›4$šC˜›9p254�A7=F™725˜›9f²Š;pª'³>=>A^˜›DF¨<šC2Wª3§<4$šCD>©-œŠ4$™

–

=>9f˜€š5œ0š-š5¨<™

–

=Fš

;fA^˜›2525—›4�­V4�—€=Fš525˜€™
©ƒDFA7™74$š
=>9<?E©ƒA^˜€™725˜›DF9�°8´�4$š5¨f—›2^šCD>©-—€=>;<DFA7=>25DFA^ª'4�µ3§<4�A^˜›œŠ4�9p2^š
™7DFœŠ§<=>A^˜›9f²

2

–

4C©ƒA^˜€™725˜›DF9<=>—<;<4

–

=$³3˜›DFA-D>©�©V=>¨f—›2-²FDF¨f²F4
™7DF9<š5˜€š525˜›9f²#D>©�š5§

–

4�A^˜€™�=>—<²FA7=>˜›9<š�¶�˜›2

–

=#²FDF¨f²F4

™7DF9p2^=>˜›9f˜›9f²E=>9f²F¨f—€=>A#²FA7=>˜›9<š�•VB�=>˜›A�4�2Š=>—V°›ž�·F£F£F·(¢S >¤ƒ¦

–

=$³F40š

–

D>¶�9(2

–

=>2�²FA7=>˜›9iš

–

=>§<4

–

=Fš�=Eœ0=$¸5DFA�˜›9p¹<¨f4�9<™740DF9i2

–

4Š©ƒA^˜€™725˜›DF9<=>—-§fA^DF§<4�A^25˜›4$š�D>©C²FA7=>9p¨f—€=>A#²FDF¨f²F4F°�±V9iDFA7?p4�A

25D'4�9<=>;f—›4�A^4$=>—›˜€š525˜€™�š5˜›œ�¨f—€=>25˜›DF9<š-˜›2
˜€š
2

–

¨<šC˜›œŠ§<DFA^2^=>9p2�25DE˜›9<™7—›¨<?p4#2

–

40™�=>§<=>;f˜›—›˜›2Wª'25D

œŠDp?p4�—89fDF9f­Wš5§

–

4�A^˜€™�=>—f§<=>A^25˜€™7—›4$šd˜›9p25D�2

–

4�š5˜›œ�¨f—€=>25˜›DF9'š5D>©ƒ2W¶�=>A^4F°

@�—€=F™74E=>9<?ºBEDFA7=pž�·F£F£F£º¢€Ÿ7¡F¤

–

=$³F4Eš5¨<™�™74$š^šW©ƒ¨f—›—›ª(¨<š54$?ºš525A^DF9f²F—›ª»;<DF9<?p4$?i²FA^DF¨f§<š

D>©�š5§

–

4�A^˜€™�=>—-§<=>A^25˜€™7—›4$š�25D»œŠDp?p4�—C=>9f²F¨f—€=>A�²FA7=>˜›9<š�˜›9¼=»·F½¾š5˜›œ�¨f—€=>25˜›DF9»D>©�š

–

4$=>AŠD>©

=E²FA7=>9p¨f—€=>A#©V=>¨f—›2�²FDF¨f²F4F°�:¿š5˜›œŠ˜›—€=>A�=>§f§fA^D3=F™

–»–

=Fš�;<4�4�9º;pª(¨<š54$?»;pª»@CÀ D3š^™

–

4�—�=>9<?

Á

¨<™

–f–

DF—›25ÂFž�Ÿ� F F¥'¢€Ÿ�Ã>¤�=>9<?'B�=

–

;<DF¨f;f˜84�2C=>—V°›ž�Ÿ� F 3¯0¢SÄ>¤�¨<š5˜›9f²Š=>²F²FA^4�²3=>254$š-D>©d³>=>A^˜€=>;f—›4

š5˜›Â�4$?iš5§

–

4�A^4$š�°8Å

–

˜›—›404�9<=>;f—›˜›9f²E2

–

4'š5˜›œ�¨f—€=>25˜›DF9(D>©#=>A^;f˜›25A7=>A^˜›—›ª�š

–

=>§<4$?»²FA7=>˜›9<š
˜›9º=

š5˜›œŠ§f—›4-=>9<?�47Æ'™7˜›4�9p2�¶�=$ªFž$2

–

4Cš5¨fA5©V=F™74-A^DF¨f²

–

9f4$š^š8D>©82

–

4-²FA7=>˜›9<š�˜€š�?p4�254�A^œŠ˜›9f4$?�;pª#2

–

4

š5˜›Â�4�D>©C2

–

40š5§

–

4�A^˜€™�=>—�§<=>A^25˜€™7—›4$š
¨<š54$?�25D�™7DF9<š525A^¨<™72
2

–

40²FA7=>˜›9�°

•-–

¨<š
²FA7=>˜›9<š�©ƒDFA^œŠ4$?

;pªº=»—›D>¶�9p¨fœ�;<4�A�D>©�§<=>A^25˜€™7—›4$šŠ¶�˜›—›—
=>—›¶�=$ªpš

–

=$³F4�=

–

˜›²

–

š5¨fA5©V=F™74EA^DF¨f²

–

9f4$š^šŠ=>9<?



2

–

4�œŠDp?p4�—›˜›9f²»D>©�²FA7=>˜›9<š�¶�˜›2

–

—›D>¶¾š5¨fA5©V=F™74EA^DF¨f²

–

9f4$š^š�A^4

«

¨f˜›A^4$šŠ2

–

4(²FA7=>˜›9<š�25Dº;<4

™7DF9<š525A^¨<™7254$?�©ƒA^DFœ =E—€=>A^²F4Š9p¨fœ�;<4�A
D>©
š5§

–

4�A^˜€™�=>—�§<=>A^25˜€™7—›4$š�=>9<?(2

–

¨<š
—›4$=F?fš#25D

–

˜›²

–

™7DFœŠ§f¨f2^=>25˜›DF9<=>—8™7D3š52�°

�C2

–

4�A#=>§f§fA^D3=F™

–

4$šd©ƒDFA
2

–

4�œŠDp?p4�—›˜›9f²ŠD>©-9fDF9f­Wš5§

–

4�A^˜€™�=>—8²FA7=>˜›9<š�˜›9(½��dB,š5˜›œ�¨f—€=>­

25˜›DF9<š<˜›9<™7—›¨<?p4�4�—›—›˜›§f25˜€™�=>—>DFA�š5¨f§<4�A^­V4�—›—›˜›§<š5DF˜€?f=>—�§<=>A^25˜€™7—›4$š�•

•

˜›9f²�4�2�=>—V°›ž3Ÿ� F F¥
¢€Ÿ$¯$¤Vž�BE¨<š525D34

=>9<?0½C4$@�D3DFA^254�A$ž�Ÿ� F F¥0¢€Ÿ�·>¤Vž<®d—›4$=>A^ªŠ4�2C=>—V°›ž�Ÿ� F 3¯Š¢S·>¤ƒ¦^žp§<DF—›ª

–

4$?pA7=Š•W®d¨f9<?f=>—›—Vž�Ÿ� FÄFÄ0¢ ¡F¤Vž

�

DF²F¨f4
=>9<?���4�¶�—€=>9<?8ž<Ÿ� F F¥Š¢��>¤Vž

�

DF²F¨f4
=>9<?���4�¶�—€=>9<?8ž8Ÿ� F >¡Š¢a¯$¤�¦�=>9<?Š?p˜€š^™7A^4�254�©ƒ¨f9<™7­

25˜›DF9»A^4�§fA^4$š54�9p2^=>25˜›DF9i•ƒÅ¼˜›—›—›˜€=>œ0š#=>9<?	��
a®dDF9f9fDFA$ž�Ÿ� F FÃ(¢€Ÿ�Ä>¤Vž

�

DF²F¨f4Fž-Ÿ� F FÄ(¢SÃ>¤ƒ¦^°

•-–

4

¨<š54CD>©�4�—›—›˜›§f25˜€™�=>—<DFA�š5¨f§<4�A^­V4�—›—›˜›§<š5DF˜€?f=>—3§<=>A^25˜€™7—›4$šdš525A^DF9f²F—›ª�A^4$š525A^˜€™72^šd2

–

4C2Wª3§<4$š-D>©�²FA7=>˜›9

š

–

=>§<4$š�¶

–

˜€™

–

™�=>9Š;<4
œŠDp?p4�—›4$?8žF˜›9Š§<=>A^25˜€™7¨f—€=>A�¶�˜›2

–

A^4$š5§<4$™72d25D�2

–

4
š5ª3œŠœŠ4�25A^ª�D>©�2

–

4

²FA7=>˜›9<š�°�Å

–

˜›—›4'§<DF—›ª

–

4$?pA7=(=>9<?i?p˜€š^™7A^4�2540©ƒ¨f9<™725˜›DF9ºA^4�§fA^4$š54�9p2^=>25˜›DF9<š�=>—›—›D>¶*=>A^;f˜›25A7=>A^ª

š

–

=>§<4$š�ž8=Š²FD3Dp?(=>§f§fA^D>µ3˜›œ0=>25˜›DF9ED>©�š5œŠD3DF2

–

²FA7=>˜›9(š

–

=>§<4$šCA^4

«

¨f˜›A^4$šC=0—€=>A^²F4�9p¨fœ�;<4�A

D>©�³F4�A^25˜€™74$š�žp—›4$=F?p˜›9f²�25D0™7DFœŠ§f¨f2^=>25˜›DF9<=>—›—›ªŠ4�µ3§<4�9<š5˜›³F4#™7DF9p2^=F™72C?p4�254$™725˜›DF9�=>—›²FDFA^˜›2

–

œ0š�°

±V90DFA7?p4�Ad25D�=F™

–

˜›4�³F4
=#;<=>—€=>9<™74C;<4�2W¶-4�4�9'=

–

˜›²

–

¹<4�µ3˜›;f˜›—›˜›2Wª�˜›902

–

4#™

–

DF˜€™74CD>©�²FA7=>˜›9

š

–

=>§<4$šC=>9<?E™7DFœŠ§f¨f2^=>25˜›DF9<=>—�47Æ'™7˜›4�9<™7ªE=Š9f4�¶ ™7—€=Fš^š�D>©-²FA7=>˜›9�š

–

=>§<4#A^4�§fA^4$š54�9p2^=>25˜›DF9<š

©ƒDFA02

–

4E¨<š54E˜›9¼—€=>2525˜€™74(š5DF—›˜€?iDFA'½��dB�š5˜›œ�¨f—€=>25˜›DF9

–

=FšŠ;<4�4�9�?p4�³F4�—›DF§<4$?º;<=Fš54$?iDF9

²FA7=>˜›9<š�™7DF9<š525A^¨<™7254$?�©ƒA^DFœ D>³F4�A^—€=>§f§f˜›9f²
š5§

–

4�A^˜€™�=>—p§<=>2^™

–

4$š�°��d=F™

–

²FA7=>˜›9Š™7DF9<š5˜€š52^š�D>©�=>9

=>A^;f˜›25A7=>A^ªE9p¨fœ�;<4�A
D>©
š5§

–

4�A^4Šš54�²FœŠ4�9p2^š
©ƒDFA^œŠ˜›9f²'2

–

40š5¨fA5©V=F™74ŠD>©C2

–

40²FA7=>˜›9º•�
�˜›²F¨fA^4

Ÿ$¦^°

•-–

4�§<D3š5˜›25˜›DF9<šC=>9<?'DFA^˜›4�9p2^=>25˜›DF9<š�D>©d2

–

4Šš5§

–

4�A^˜€™�=>—8§<=>2^™

–

4$šC=>A^4��<µ34$?EA^4�—€=>25˜›³F4�25D

4$=F™

–

DF2

–

4�A$°F:�š5DFœŠ4�¶

–

=>2�š5˜›œŠ˜›—€=>A�=>§f§fA^D3=F™

–

¨<š5˜›9f²
D>³F4�A^—€=>§f§f˜›9f²Cš5§

–

4�A^4$š�25D�™7DF9<š525A^¨<™72

9fDF9f­Wš5§

–

4�A^˜€™�=>—3§<=>A^25˜€™7—›4$š

–

=Fšd;<4�4�90§fA^4$š54�9p254$?�;pª��

–

=>9f²�=>9<?���¨f­��C¨fDp™
¢€Ÿ� >¤Vž

–

D>¶-4�³F4�A

2

–

4�ªE¨<š54$?EDF9f—›ª0©ƒDF¨fA
˜€?p4�9p25˜€™�=>—�©ƒ¨f—›—dš5§

–

4�A^4$š�¶

–

4�A^4$=Fš�2

–

4Š=>§f§fA^D3=F™

–

§fA^4$š54�9p254$?

–

4�A^4

¨<š54$š�=>9E=>A^;f˜›25A7=>A^ª�9p¨fœ�;<4�AdD>©dš5§

–

4�A^˜€™�=>—<§<=>2^™

–

4$š�°

|

I

N7P>XWN7T�Z�[�X5MFN�•3Z>]3P3bFQaPF„
U5~3MFN7TVN

���

TW`$bFQa]FUdZ�[8X5MFNC•3Z>]3P3bFQaPF„CU5~3MFN7TVN

|��»t
`�UWU

I

N7P>XWN7TdZ�[8X5MFN-„>TW`�QaP

���

I

N7P>XWN7T�Z�[�~3`�X

I

M��

�

�

TW`$bFQa]FUdZ�[�~3`�X

I

M��

� �

bFQaTVN

I

XWQSZ>PŠZ�[�~3`�X

I

M��

!

�

Z>~3N7PFQaPF„�`$PF„$_SN�Z�[�~3`�X

I

M��

"$#&%8}�'p}

K

X5TW]

I

X5]3TVN�Z�[<`-„>TW`�QaP

I

Z>PFUWX5TW]

I

XWN7b
[ƒTVZ>t¼Z�R$N7TV_a`$~3~FQaPF„CU5~3MFN7TVQ

I

`�_f~3`�X

I

MFN^U7s>L�MFN$(p„>]3TVN

QSU-b3TW`7‡dP�QaPŠl$g»[€Z>T�UWQat
~F_SQ

I

QSXVY'•3]FX�X5MFN�U5`$tCN�UWX5TW]

I

X5]3TVNC`$~3~F_SQSN^U-XWZ�)$gº~3`$TVXWQ

I

_SN^U7s

•-–

4C=F?p³>=>9p2^=>²F4$š�D>©�¨<š5˜›9f²#š5§

–

4�A^˜€™�=>—p§<=>2^™

–

4$š�=>A^4�2

–

=>2d2

–

4C?p4�254$™725˜›DF90D>©�=#™7DF9p2^=F™72

;<4�2W¶-4�4�9E2

–

4�œ¿™�=>9E;<4�˜›œŠ§f—›4�œŠ4�9p254$?0=>2
=�—›D>¶�™7DFœŠ§f¨f2^=>25˜›DF9<=>—�™7D3š52�•V¥>¡�
�—›DF§<š-¶-DFA7š52

™�=Fš54>¦�=>9<?�2

–

=>2d¶

–

˜›—›4C=>A^;f˜›25A7=>A^ª#²FA7=>˜›90š

–

=>§<4$šd™�=>9Š;<4
™7DF9<š525A^¨<™7254$?�¨<š5˜›9f²�=#š5¨pÆ'™7˜›4�9p2



9p¨fœ�;<4�A�D>©-§<=>2^™

–

4$š�ž8š5DFœŠ4�§<=>A^25˜€™7—›4�š

–

=>§<4$š
™�=>9�;<4Š=>§f§fA^D>µ3˜›œ0=>254$?';pªE=0³F4�A^ªEš5œ0=>—›—

9p¨fœ�;<4�A
D>©�§<=>2^™

–

4$š�°

�

D>¶-4�³F4�A$ž�š5DFœŠ40™7—€=Fš^š54$š
D>©�²FA7=>˜›9»š

–

=>§<4$š�ž�˜›9»§<=>A^25˜€™7¨f—€=>A
2

–

D3š54

¶�˜›2

–

—€=>A^²F4-¹8=>2-š5¨fA5©V=F™74$šd=>9<?�š

–

=>A^§Š4$?p²F4$š�¶-DF¨f—€?�A^4

«

¨f˜›A^4C=#—€=>A^²F4-9p¨fœ�;<4�A�D>©�§<=>2^™

–

4$š

©ƒDFA-=#²FD3Dp?Š=>§f§fA^D>µ3˜›œ0=>25˜›DF9Š=>9<?�œ0=$ª�;<4CœŠDFA^4�47Æ'™7˜›4�9p25—›ª�š5˜›œ�¨f—€=>254$?�¨<š5˜›9f²
DF2

–

4�A$ž>©ƒDFA

4�µp=>œŠ§f—›4C§<DF—›ª

–

4$?pA7=>—Vž3=>§f§fA^D3=F™

–

4$š�°

•-–

4#=>§f§fA^D3=F™

–

§fA^4$š54�9p254$?

–

4�A^4C˜€šdœŠDFA^4
š5¨f˜›254$?Š25D

A^DF¨f9<?p4$?Š²FA7=>˜›9<š�°

� �������	��
d•�•f”VŽ���


•-–

4�:�—›²FDFA^˜›2

–

œ ©ƒDFA�2

–

4�™�=>—€™7¨f—€=>25˜›DF9ED>©�2

–

4#œŠDF25˜›DF9'D>©�2

–

4�²FA7=>˜›9<š-™�=>9E;<4�š54�§<=>A7=>254$?

˜›9p25D'2W¶-D'§<=>A^2^š��8?p4�254$™725˜›DF9»D>©-2

–

40™7DF9p2^=F™72^š
;<4�2W¶-4�4�9(2

–

4Š²FA7=>˜›9<šC˜›9<™7—›¨<?p˜›9f²02

–

4Š™�=>—›­

™7¨f—€=>25˜›DF90D>©�2

–

4#™7DF9p2^=F™72d§<=>A7=>œŠ4�254�A7šd=>9<?Š2

–

4#™�=>—€™7¨f—€=>25˜›DF90D>©�2

–

4#™7DF9p2^=F™72�©ƒDFA7™74$š�=>9<?

2

–

4#A^4$š5¨f—›25˜›9f²�²FA7=>˜›90œŠD>³F4�œŠ4�9p2�°

����� ������������� � !"��!#����$%���

:Cš�= �<A7š52�š5254�§�25D �<9<?#™7DF9p2^=F™72�;<4�2W¶-4�4�9�2W¶-DC²FA7=>˜›9<š'&#=>9<?�(p2

–

4d˜›9p254�A7š54$™725˜›DF9#;<4�2W¶-4�4�9

2

–

4�;<DF¨f9<?p˜›9f²0š5§

–

4�A^4$š-D>©-2

–

4�²FA7=>˜›9<š�˜€š�254$š5254$?8°�±ƒ©d2

–

4�;<DF¨f9<?p˜›9f²0š5§

–

4�A^4$š�˜›9p254�A7š54$™72�ž

˜V° 4
˜a©�2

–

4#?p˜€š52^=>9<™74C;<4�2W¶-4�4�9'2

–

4�˜›A�™74�9p254�A7š

�#)

=>9<?

�#*

˜€š-š5œ0=>—›—›4�Ad2

–

=>2�2

–

4#š5¨fœ D>©�2

–

4

A7=F?p˜›˜�+

)

=>9<? +

*

,

�#)�-��#*

,#.

+

)�/

+

*10

•^Ÿ$¦

™7DF9p2^=F™72
;<4�2W¶-4�4�9(2

–

4Š2W¶-D'²FA7=>˜›9<šC˜€š
§<D3š^š5˜›;f—›4F°8±ƒ©-2

–

4Š;<DF¨f9<?p˜›9f²'š5§

–

4�A^4$š
?pD09fDF2#˜›9f­

254�A7š54$™72�žp2

–

4
™7DF9p2^=F™72�?p4�254$™725˜›DF9E=>—›²FDFA^˜›2

–

œ ©ƒDFA-2

–

4
§<=>˜›A-D>©�²FA7=>˜›9Š254�A^œŠ˜›9<=>254$š-=>9<?Š2

–

4

9f4�µ32�§<=>˜›A-D>©�²FA7=>˜›9<šd˜€š�™7DF9<š5˜€?p4�A^4$?8°

±ƒ©�2

–

4(;<DF¨f9<?p˜›9f²iš5§

–

4�A^4$šŠ˜›9p254�A7š54$™72�ž-4$=F™

–

§<=>˜›A0D>©Šš5§

–

4�A^˜€™�=>—C§<=>2^™

–

4$š 2Š=>9<?43

™7DF9p2^=>˜›9f4$?(˜›9»²FA7=>˜›9<š5&»=>9<?�(�A^4$š5§<4$™725˜›³F4�—›ª(˜€š#254$š5254$?(©ƒDFA�˜›9p254�A7š54$™725˜›DF9�°

•-–

˜€š#254$š52�˜€š

§<4�A5©ƒDFA^œŠ4$?Š˜›9'2W¶-DŠš5254�§<š�° 
�˜›A7š52-2

–

4�?p˜€š52^=>9<™74
;<4�2W¶-4�4�9'2

–

4#§<=>2^™

–

™74�9p254�A7š�687�=>9<? 6'9

˜€šC™7DFœŠ§<=>A^4$?'¶�˜›2

–

2

–

4�š5¨fœ�D>©d2

–

4�§<=>2^™

–

A7=F?p˜›˜'+�7d=>9<?:+;9F°8±ƒ©d2

–

4�?p˜€š52^=>9<™74#;<4�2W¶-4�4�9

2

–

4#§<=>2^™

–

™74�9p254�A7šd˜€šCš5œ0=>—›—<4�9fDF¨f²

–

ž3˜V° 4F°

,

687

-

6'9

,".

+�7

/

+;9=< •V·3¦

˜›2
˜€šC2

–

4�9�254$š5254$?�˜a©-2

–

4Š?p˜›A^4$™725˜›DF9

!?>

7@9

¶

–

˜€™

–

™7DF9f9f4$™72^šC2

–

4�§<=>2^™

–

™74�9p254�A7šC˜€šC¶�˜›2

–

˜›9

;<DF2

–

§<=>2^™

–

4$š�°-±ƒ©�2

–

4(?p˜€š52^=>9<™74E˜€š025D3Di—€=>A^²F4E9fDº™7DF9p2^=F™720;<4�2W¶-4�4�9¼2

–

4�§<=>2^™

–

4$šŠ˜€š

§<D3š^š5˜›;f—›4
=>9<?02

–

4#9f4�µ32�§<=>˜›A-D>©�§<=>2^™

–

4$š-˜€š�™7DF9<š5˜€?p4�A^4$?8°

•-–

4�?p˜›A^4$™725˜›DF9ED>©d2

–

4�³F4$™725DFA

!?>

7@9

;<4�2W¶-4�4�9�2

–

4�§<=>2^™

–

™74�9p254�A7šC™�=>9E;<4�™�=>—€™7¨f—€=>254$?

=Fš

!

>

7@9�A

687

-

6'9

,

687

-

6'9

,

< •V¥3¦

•-–

4-?p˜›A^4$™725˜›DF9

!?>

7@9

˜€š�¶�˜›2

–

˜›9�=C§<=>2^™

–

2<˜a©<2

–

4�=>9f²F—›4d;<4�2W¶-4�4�9

!?>

7@9

=>9<?#2

–

4�?p˜›A^4$™725˜›DF9

!

7�˜€š�š5œ0=>—›—›4�A-2

–

=>2�2

–

4#;<DF¨f9<?p˜›9f²�=>9f²F—›45B87�D>©�2

–

4#§<=>2^™

–

25°

•-–

¨<š-˜a©�2

–

4�™7DF9<?p˜›25˜›DF9<š

!

>

7@9DC

!

7

.

™7D3š�B87 •ƒ¡p¦

-�!

>

7@9�C

!

9

.

™7D3š�B'9 •VÃ3¦



=>A^4�;<DF2

–

©ƒ¨f—&�<—›—›4$?8ž�='™7DF9p2^=F™72#;<4�2W¶-4�4�9»2

–

4Š§<=>2^™

–

4$š52C=>9<? 3

–

=Fš
;<4�4�9(©ƒDF¨f9<?8°

•-–

4

=F™725¨<=>—�™7DF9p2^=F™72�§<DF˜›9p2�˜€š�=Fš^š5¨fœŠ4$?�25D(;<40˜›9i2

–

4'™74�9p254�A�D>©
2

–

40D>³F4�A^—€=>§f§f˜›9f²'A^4�²F˜›DF9

;<4�2W¶-4�4�902

–

4C§<=>2^™

–

4$šd=>—›DF9f²�2

–

4C—›˜›9f4
™7DF9f9f4$™725˜›9f²#2

–

4
§<=>2^™

–

™74�9p254�A7šC•�
�˜›²F¨fA^4C·3¦^°

•-–

4

—›Dp™�=>25˜›DF9�� 7@9#D>©�2

–

4�™7DF9p2^=F™72C™�=>9'2

–

¨<š-;<4�™7DFœŠ§f¨f254$?0=Fš

�

7@9

A

687

/4!

>

7@9

�

687

-

6'9

+�7

/

+;9��

A

6'9

-�!

>

7@9

�

6'9

-

687

+�7

/

+;9

�

<

•��3¦

x
j

i

pd

jaa
ijdi

P

e Pi

ij

"$#&%8}��f}f‚VP>XWN7TVUWN

I

XWQSZ>P0•3N^XV‡�N^N7PŠXV‡�Z�~3`�X

I

MFN^U7s L�MFN (p„>]3TVN�QSU�b3TW`7‡dP�QaPŠl$gº[€Z>T�UWQat
~F_SQ

I

QaXVY'•3]FX

X5MFNdU5`$tCN�UWX5TW]

I

X5]3TVN-`$~3~F_SQSN^UdXWZ�)$gº~3`$TVXWQ

I

_SN^U7sfL�MFN-~3Z$QaP>X	�

� 


QSU�X5MFN

I

Z>P>X5`

I

X�~3Z$QaP>X�`�UWU5]3tCN7b

[€Z>T�[€Z>T

I

N
`$P3b�tCZ$XWQSZ>P

I

`�_

I

]F_a`�XWQSZ>PFU7s

•-–

4'™7DF9p2^=F™72�9fDFA^œ0=>—€š

�

7�=>9<?

�

90=>A^4'=Fš^š5¨fœŠ4$?(25D(;<402

–

4Eš5¨fA5©V=F™74Š9fDFA^œ0=>—€š#D>©

2

–

4
§<=>2^™

–

=>2�2

–

4�™7DF9p2^=F™72-§<DF˜›9p2-¶

–

˜€™

–

žp²F˜›³F4�9'2

–

=>2-2

–

4#§<=>2^™

–

š5¨fA5©V=F™74$š-=>A^4
§<=>A^2^š-D>©

š5§

–

4�A^4$š�ž3™�=>90;<4#™�=>—€™7¨f—€=>254$?�©ƒA^DFœ 2

–

4
?p˜›A^4$™725˜›DF90D>©�2

–

4
™7DF9f9f4$™725˜›9f²�—›˜›9f4C;<4�2W¶-4�4�9'2

–

4

§<=>2^™

–

™74�9p254�A7š�ž

�

7

A��

7@9

,

�

7@9

,

•W¯F¦

�

9

A

�

9 7

,

�

9 7

,

A

- �

71< •VÄ3¦

•-–

4Š§<4�9f4�25A7=>25˜›DF9i?p4�§f2

–�
��

•�
�˜›²F¨fA^4Š·3¦
D>©�2

–

402W¶-DE§<=>2^™

–

4$š�=>2#2

–

4'™7DF9p2^=F™72�§<DF˜›9p2�ž

¶

–

˜€™

–

˜€šŠ9f4�4$?p4$?i©ƒDFA'2

–

4(š5¨f;<š54

«

¨f4�9p2Š™�=>—€™7¨f—€=>25˜›DF9¼D>©�2

–

4(™7DF9p2^=F™72Š©ƒDFA7™74$š�ž-™�=>9�;<4

™�=>—€™7¨f—€=>254$?¼=Fš02

–

4(?p˜a684�A^4�9<™74E;<4�2W¶-4�4�9�2

–

4(š5¨fœ D>©�2

–

4�A7=F?p˜›˜ +�7�=>9<?	+;9(=>9<?º2

–

4

?p˜€š52^=>9<™74
;<4�2W¶-4�4�9'2

–

4#§<=>2^™

–

™74�9p254�A7š�687�=>9<? 6'9


��

A

,

• 687

-

6'9$¦

,

-

• +�7

/

+;9>¦ < •V 3¦

���%� �����%�����%�?��$���� �����'�����"!�� � �

���

������$%���%! � ����$%�����

:Cš'= �<A7š520š5254�§!˜›9�2

–

4(™�=>—€™7¨f—€=>25˜›DF9�D>©�2

–

4(œŠDF25˜›DF9�D>©�²FA7=>˜›9<šŠ2

–

4»™7DF9p2^=F™72Š©ƒDFA7™74$š

=>A^40™�=>—€™7¨f—€=>254$?�©ƒA^DFœ 2

–

40™7DF9p2^=F™72�§<=>A7=>œŠ4�254�A7š
DF;f2^=>˜›9f4$?�;pª�2

–

4'™7DF9p2^=F™72�?p4�254$™725˜›DF9



=>—›²FDFA^˜›2

–

œE°3±V90—€=>2525˜€™74#š5DF—›˜€?Š=>9<?0½��dB¾š5˜›œ�¨f—€=>25˜›DF9<š�=�¶�˜€?p4C³>=>A^˜›4�2Wª�D>©�™7DF9p2^=F™72�©ƒDFA7™74$š

–

=$³F4Š;<4�4�9º˜›œŠ§f—›4�œŠ4�9p254$?8ž8˜›9<™7—›¨<?p˜›9f²'—›˜›9f4$=>A�4�—€=Fš525˜€™�©ƒDFA7™74$š0•VBEDFA7=�=>9<?»@�—€=F™74Fž�Ÿ� F >¡

¢€Ÿ�£>¤ƒ¦^ž

�

4�A^25Â�­WBE˜›9<?p—›˜›9�™7DF9p2^=F™72
—€=$¶Cš�•VBEDFA^²3=>9(=>9<?

Á

D34�252^™

–

4�A$ždŸ� F F E¢€ŸFŸ7¤ƒ¦C=>9<?E;<DF2

–

—›˜›9f4$=>AŠ=>9<?i9fDF9f—›˜›9f4$=>A�©ƒA^˜€™725˜›DF9i©ƒDFA7™74$š'•W®d¨f9<?f=>—›—Vž�Ÿ� 3¯> º¢S¥>¤Vžd@�—€=F™74E=>9<?ºBEDFA7=pž�Ÿ� F F 

¢€Ÿ�¥>¤Vž8:�;<4�4�2#=>—V°›ž8·F£F£F·E¢€Ÿ7¤ƒ¦^°8:�—›—�2

–

D3š54�™7DF9p2^=F™72�©ƒDFA7™74$š
™�=>9�;<4�˜›œŠ§f—›4�œŠ4�9p254$?

–

4�A^4#˜›9

2

–

4Šš^=>œŠ4�¶�=$ªE;<4$™�=>¨<š54�2

–

4�—›Dp™�=>—›—›ª�š5§

–

4�A^˜€™�=>—�š

–

=>§<4�D>©�2

–

4�²FA7=>˜›9<š
=>2
2

–

4�§<DF˜›9p2
D>©

™7DF9p2^=F™72�°

•-–

4C25DF2^=>—<©ƒDFA7™74
=>2d4$=F™

–

™7DF9p2^=F™72

�

7@9C™�=>902

–

4�90;<4#™�=>—€™7¨f—€=>254$?0=Fš�2

–

4#š5¨fœ�D>©

2

–

4
©ƒDFA7™74$š�?p¨f4
25DŠ4$=F™

–

D>©�2

–

4
˜›9p254�A7=F™725˜›DF9<š�=>2-2

–

˜€šC™7DF9p2^=F™72

�

7@9

A

���

*

�����

7@9

/����	�

7�


7@9

/

<�<�< •^Ÿ�£3¦

=>9<?
2

–

4-25DF2^=>—F©ƒDFA7™74

���

�

�

7�

DF9�4$=F™

–

²FA7=>˜›9�™�=>9#;<4�™�=>—€™7¨f—€=>254$?�=Fš82

–

4�š5¨fœ!D>©<=>—›—p™7DF9p2^=F™72

©ƒDFA7™74$š�=>§f§f—›˜›4$?Š25DŠ2

–

˜€š-²FA7=>˜›9

���

�

�

7�


A �

�

���


��

�

�

�

7@9 •^ŸFŸ$¦

•-–

4C™�=>—€™7¨f—€=>25˜›DF9�D>©�2

–

4C§<=>A^25˜€™7—›4�œŠDF25˜›DF9<š�©ƒDF—›—›D>¶Cš�2

–

4
=>§f§fA^D3=F™

–

?p4�A^˜›³F4$?�˜›9E•W1

–

=>­

;<=>9<=pž�Ÿ� F >¡E¢€Ÿ �>¤V°

•-–

4�—›˜›9f4$=>A
=F™�™74�—›4�A7=>25˜›DF9

�

7�D>©d²FA7=>˜›9 2-™�=>9�;<4�™�=>—€™7¨f—€=>254$?E?p˜›A^4$™725—›ª

©ƒA^DFœ*2

–

4
25DF2^=>—8©ƒDFA7™74

�

7�=>§f§f—›˜›4$?Š25DŠ2

–

˜€š-²FA7=>˜›9

�

7

A

�

7

�

7

•^Ÿ�·3¦

¶

–

4�A^4

�

78˜€š�2

–

4Cœ0=Fš^š�D>©�²FA7=>˜›9 25°

•-–

4C³F4�—›Dp™7˜›2Wª�� 78=>9<?Š§<D3š5˜›25˜›DF9

�

78D>©�2

–

4C²FA7=>˜›90™�=>9

2

–

4�9»;<40¨f§8?f=>254$?(¨<š5˜›9f²E=>9i=>§f§fA^DF§fA^˜€=>254�˜›9p254�²FA7=>25˜›DF9»š^™

–

4�œŠ4F°�®d¨fA^A^4�9p25—›ª�=Eš5˜›œŠ§f—›4

�<A7š52-DFA7?p4�A-œŠ4�2

–

Dp?0˜€š-¨<š54$?��

� 7W•��

/��

�^¦

A

� 7W•��^¦

/��

�

�

7 •^Ÿ�¥3¦

�

7W•��

/��

�^¦

A

�

7W•��^¦

/��

��� 7 •^Ÿ7¡p¦


fDFA#2

–

40²FA7=>˜›9»A^DF2^=>25˜›DF9»˜›2�˜€š#9f4$™74$š^š^=>A^ª�25D(™�=>—€™7¨f—€=>25402

–

4025DFA

«

¨f4���7�=>§f§f—›˜›4$?(25D

2

–

4�²FA7=>˜›9�©ƒA^DFœ 2

–

4
™7DF9p2^=F™72�©ƒDFA7™74$š

�

7@9�=>9<?�2

–

4
™7DF9p2^=F™72d§<D3š5˜›25˜›DF9<š

�

7@9�A^4�—€=>25˜›³F4�25D�2

–

4

™74�9p254�A�D>©�œ0=Fš^š

���

D>©�2

–

4
²FA7=>˜›9

��7

A �

�

���


��

�

�

•

�

7@9

-����

¦��

�

7@9=< •^Ÿ�Ã3¦

�

š5˜›9f²�2

–

4#25DFA

«

¨f4
2

–

4�™

–

=>9f²F4
˜›9E=>9f²F¨f—€=>A-œŠDFœŠ4�9p25¨fœ ™�=>9E;<4#™�=>—€™7¨f—€=>254$?

�

�

7

A

��7

 

7

0

•^Ÿ �3¦

¶

–

4�A^4

 

7�˜€š�2

–

4�˜›9f4�A^25˜€=�254�9<š5DFACD>©�²FA7=>˜›9�=>9<?Š©ƒA^DFœ�2

–

˜€š-2

–

4�=>9f²F¨f—€=>A�³F4�—›Dp™7˜›2Wª"!�=>9<?

DFA^˜›4�9p2^=>25˜›DF9�# 7�™�=>9E;<4
¨f§8?f=>254$?Eš5˜›œŠ˜›—€=>Ad25DŠ2

–

4#—›˜›9f4$=>A-œŠD>³F4�œŠ4�9p2C•��

«

°�Ÿ�¥3¦

! 7W•��

/��

�^¦

A

! 7W•��^¦

/��

�

�

$

7 •^Ÿ$¯F¦

%

7V•��

/��

�^¦

A

# 7W•��^¦

/

!"&'# 7

�

� •^Ÿ�Ä3¦



:-©ƒ254�A
¨f§8?f=>25˜›9f²Š2

–

4�§<D3š5˜›25˜›DF9

�

7d=>9<?'DFA^˜›4�9p2^=>25˜›DF9 # 7�D>©d2

–

4�²FA7=>˜›9E2

–

4�§<D3š5˜›25˜›DF9<š�D>©

2

–

4#§<=>2^™

–

™74�9p254�A7šD687�=>9<?0DFA^˜›4�9p2^=>25˜›DF9<š

!

7�9f4�4$?025DŠ;<4#¨f§8?f=>254$?

6




�

�

7

- ���

A

# 7W• 6��

7

-����

¦ •^Ÿ� 3¦

!




�

�

7

A

# 7

!

�

7

0

•V·F£3¦

¶

–

4�A^4�6

�

7

=>9<?

!��

7

=>A^4#2

–

4�˜›9f˜›25˜€=>—�³>=>—›¨f4$š�©ƒDFAC2

–

4�§<=>2^™

–

™74�9p254�A
§<D3š5˜›25˜›DF9<š�=>9<?E§<=>2^™

–

?p˜›A^4$™725˜›DF9<š�°p:�—€š5Dfžp2

–

4#˜›9f4�A^25˜€=�254�9<š5DFA

 

�

7

D>©�2

–

4#²FA7=>˜›909f4�4$?fš-25DŠ;<4#¨f§8?f=>254$?

 




�

�

7 A

# 7

 ��

7

#��

7

< •V·fŸ$¦

®

–

=>9f²F4$š�25D�2

–

4C˜›9f4�A^25˜€=
254�9<š5DFA

 

�

7

?p¨f4C25D�?p47©ƒDFA^œ0=>25˜›DF9ŠD>©�2

–

4C²FA7=>˜›90=>A^4�˜›²F9fDFA^4$?8°

� 	 �8•f”�

“
��Žp”W•-• � ���3Ž

±V9'DFA7?p4�A-25DŠ³F4�A^˜a©ƒªŠ2

–

4#™7DFA^A^4$™7259f4$š^šdD>©�2

–

4
˜›œŠ§f—›4�œŠ4�9p2^=>25˜›DF90D>©�2

–

4�™7DFœŠ§f—›4�µŠ§<=>A^25˜€™7—›4

š

–

=>§<4$š�˜›9Š2

–

4C—€=>2525˜€™74
š5DF—›˜€?�œŠDp?p4�—f254$š52^š

–

=$³F4�;<4�4�9Š§<4�A5©ƒDFA^œŠ4$?8°F±ƒ©82

–

4�A^4C˜€š�9fD#4�9f4�A^²Fª

˜›9f§f¨f2�˜›9p25DŠ=0š5˜›œ�¨f—€=>25˜›DF90œŠDp?p4�—�=>9<?'9fDŠ4�9f4�A^²Fª'?p˜€š^š5˜›§<=>254$?0˜›9E2

–

4#œŠDp?p4�—Vžf2

–

4�25DF2^=>—

4�9f4�A^²Fªi™7DF9p2^=>˜›9f4$?»˜›9º2

–

4'œŠDp?p4�—Cš

–

DF¨f—€?»A^4�œ0=>˜›9º™7DF9<š52^=>9p2�˜a©
2

–

4E˜›œŠ§f—›4�œŠ4�9p2^=>25˜›DF9

˜€š�™7DFA^A^4$™72�°�Å

–

˜›—›402

–

4'™7DF9<š54�A^³>=>25˜›DF9»D>©
4�9f4�A^²Fª�˜€š�9fDF2�§fA^D3D>©�D>©
2

–

4'™7DFA^A^4$™7259f4$š^š#D>©

2

–

4�˜›œŠ§f—›4�œŠ4�9p2^=>25˜›DF9�žf=Š³3˜›DF—€=>25˜›DF9�D>©-2

–

4Š™7DF9<š54�A^³>=>25˜›DF9ED>©-4�9f4�A^²Fª'¶-DF¨f—€?Eš

–

D>¶�2

–

=>2

2

–

4#˜›œŠ§f—›4�œŠ4�9p2^=>25˜›DF9'˜€š-˜›9<™7DFA^A^4$™72�°

•-–

¨<š-2

–

4�™7DF9<š54�A^³>=>25˜›DF9ED>©�4�9f4�A^²Fª'™�=>9E§fA^D>³3˜€?p4#=

¨<š547©ƒ¨f—�™7DF9<š5˜€š5254�9<™7ª0™

–

4$™^¬<°

"$#&%8}��<}p‚VPFQSXWQa`�_

I

Z>P�(p„>]3TW`�XWQSZ>P�Z�[�X5MFN�tCZFbFN^_8]FUWN7b#[€Z>T�X5MFN-R$N7TVQ (

I

`�XWQSZ>P0XWN^UWX7s



±ƒ©�2

–

4C§<=>A^25˜€™7—›4$šd=>A^4�˜›9p254�A7=F™725˜›9f²#;pª�4�—€=Fš525˜€™-©ƒDFA7™74$š�DF9f—›ªFžF2

–

4
DF9f—›ª�2Wª3§<4$šdD>©�4�9f4�A^²Fª

˜›9»2

–

4'œŠDp?p4�—-=>A^402

–

40¬3˜›9f4�25˜€™04�9f4�A^²Fª�D>©
2

–

40²FA7=>˜›9<š��

)

7�
(=>9<?(2

–

404�—€=Fš525˜€™Š4�9f4�A^²Fª

š525DFA^4$?0˜›9'2

–

4�™7DF9p2^=F™72^š-;<4�2W¶-4�4�9'2

–

4#²FA7=>˜›9<š��

�

*

�����

7�
^°

�

��� ���

*

A �

�

�

�

�

7�


*

�

�

�

7

)

7�


/

�




�




���




���

�

9

�

*

�����

7�


•V·F·3¦

•-–

4�¬3˜›9f4�25˜€™#4�9f4�A^²Fª'D>©-4$=F™

–

²FA7=>˜›9��

7

)

7�


™�=>9�;<4�™�=>—€™7¨f—€=>254$?�=FšC2

–

4�š5¨fœ�D>©d25A7=>9<š5—€=>­

25˜›DF9<=>—8§<=>A^2��

7

�

�

�




�

=>9<?0=�A^DF2^=>25˜›DF9<=>—8§<=>A^2��

7

�

� �

�

7

)

7�
 A

�

7

�

�

�




�

/

�

7

�

� �

A

Ÿ

·

�

7��
	

/

Ÿ

·

! 7

 

7 ! �

7

<

•V·F¥3¦

•-–

4C4�—€=Fš525˜€™-4�9f4�A^²FªŠš525DFA^4$?�˜›9'=#—›˜›9f4$=>Ad4�—€=Fš525˜€™C™7DF9p2^=F™72 3�™�=>90;<4
™�=>—€™7¨f—€=>254$?�©ƒA^DFœ�2

–

4

š5§fA^˜›9f²#™7DF9<š52^=>9p2D&

9

©ƒDFA-2

–

4C9fDFA^œ0=>—f4�—€=Fš525˜€™�˜›9p254�A7=F™725˜›DF9<šd=>9<?�2

–

4
§<4�9f4�25A7=>25˜›DF90?p4�§f2

–

�

9

�

•��

«

°< 3¦

�

9

�

*

�����

7�


A

Ÿ

·

&

9

•




9

�

¦�	=< •V·>¡p¦

•-–

404�—€=Fš525˜€™0˜›9p254�A7=F™725˜›DF9<š#;<4�2W¶-4�4�9i2

–

4Eš5§

–

4�A^˜€™�=>—d§<=>2^™

–

4$š�¨<š54$?»˜›9i2

–

˜€š�œŠDp?p4�—�=>A^4

2

–

4�š^=>œŠ4�=FšC2

–

4�4�—€=Fš525˜€™#˜›9p254�A7=F™725˜›DF9<š�¨<š54$?E;<4�2W¶-4�4�9�2

–

4Šš5§

–

4�A^˜€™�=>—8§<=>A^25˜€™7—›4$šC˜›9�2

–

4

DFA^˜›²F˜›9<=>—<—€=>2525˜€™74�š5DF—›˜€?0œŠDp?p4�—�•VBEDFA7=�=>9<?0@�—€=F™74Fž�Ÿ� F >¡'¢€Ÿ�£>¤ƒ¦^°

2.9
2.95

3
3.05
3.1

E
ne

rg
y 

(m
od

el
 u

ni
ts

)

Translational Energy
Total Energy

0 1000 2000 3000 4000 5000
Time  steps 

0
0.05
0.1

0.15
0.2

0.25
Elastic Energy
Rotational  Energy

"$#&%8}
�8}

J

PFN7TV„$YEQaP�X5MFN�tCZFbFN^_-b3]3TVQaPF„0X5MFN�UWQatC]F_a`�XWQSZ>Pfs�L�MFN�XWZ$X5`�_�N7PFN7TV„$YEQSU�X5MFN�U5]3t*Z�[

X5TW`$PFUW_a`�XWQSZ>P3`�_€efTVZ$X5`�XWQSZ>P3`�_<`$P3b�N^_a`�UWXWQ

I

N7PFN7TV„$Y$s

:¼·F½�œŠDp?p4�—f˜€šdš54�2�¨f§0™7DF9<š5˜€š525˜›9f²
D>©��� F£F£
A7=>9<?pDFœ ²FA7=>˜›9<š�™7DF9<š5˜€š525˜›9f²
D>©�=>A^DF¨f9<?

¥F£0§<=>2^™

–

4$šC4$=F™

–

•�
�˜›²F¨fA^4�¥3¦�˜›9p254�A7=F™725˜›9f²0DF9f—›ª';pªE—›˜›9f4$=>A
4�—€=Fš525˜€™
©ƒDFA7™74$š�°

•-–

4�²FA7=>˜›9<š

–

=$³F4�;<4�4�9'™7A^4$=>254$?�;pª�A7=>9<?pDFœŠ—›ª�š5§f—›˜›2525˜›9f²#2

–

4�œŠDp?p4�—8=>A^4$=
˜›9p25D#§<DF—›ª3²FDF9<=>—f25˜›—›4$š-=>9<?

2

–

=>9�²F4�9f4�A7=>25˜›9f²�4$=F™

–

§<=>A^25˜€™7—›4-š5DC2

–

=>2�˜›2�;<4$š52 �<2^š�DF9f4dD>©<2

–

4d25˜›—›4$š�¶

–

˜›—›4dœ0=>˜›9p2^=>˜›9f˜›9f²



=(§fA^4$š^™7A^˜›;<4$?»œŠ˜›9f˜›œ�¨fœ §<=>2^™

–

A7=F?p˜›¨<š�°

•-–

4E²FA7=>˜›9<š

–

=$³F4E=(A7=>9<?pDFœ ˜›9f˜›25˜€=>—�—›˜›9f4$=>A

³F4�—›Dp™7˜›2Wª'=>9<?09fD�˜›9f˜›25˜€=>—�=>9f²F¨f—€=>A-³F4�—›Dp™7˜›2WªF°

•-–

4Šš5˜›œ�¨f—€=>25˜›DF9'˜€š
2

–

4�9(A^¨f9E©ƒDFA�ÃF£F£F£025˜›œŠ4Šš5254�§<š
=>9<?�2

–

4�25A7=>9<š5—€=>25˜›DF9<=>—Vž<A^DF2^=>­

25˜›DF9<=>—d=>9<?�4�—€=Fš525˜€™�4�9f4�A^²Fª�˜›9(2

–

40š5ªpš5254�œ =>A^4ŠA^4$™7DFA7?p4$?8°

•-–

4Š25DF2^=>—d4�9f4�A^²Fª�˜€š
2

–

4�9

™�=>—€™7¨f—€=>254$?'=F™�™7DFA7?p˜›9f²�25D��

«

¨<=>25˜›DF9E·F·p°

•-–

4
A^4$š5¨f—›2^šC•�
�˜›²F¨fA^4C¡p¦-š

–

D>¶¼2

–

=>2-2

–

4#25DF2^=>—

4�9f4�A^²FªŠ˜›9'2

–

4�š5ªpš5254�œ*A^4�œ0=>˜›9<š-™7DF9<š52^=>9p2-¶�˜›2

–

˜›9E=>;<DF¨f2�·p°SÃ��0°

� �

•-•�“��5’ �p”W•-• �

:*9f4�¶*™7—€=Fš^š�D>©C§<=>A^25˜€™7—›4$š�=>—›—›D>¶�˜›9f²E2

–

40A^4�§fA^4$š54�9p2^=>25˜›DF9»D>©#=>A^;f˜›25A7=>A^ª�²FA7=>˜›9iš

–

=>§<4$š

;<=Fš54$?EDF9»™7DFœŠ§<D3š5˜›254�²FA7=>˜›9<š
™7DF9<š525A^¨<™7254$?'©ƒA^DFœ¾š5§

–

4�A^˜€™�=>—�§<=>2^™

–

4$š

–

=FšC;<4�4�9(˜›œŠ§f—›4�­

œŠ4�9p254$?Š˜›9'2

–

4
—€=>2525˜€™74�š5DF—›˜€?ŠœŠDp?p4�—V°

•-–

˜€šd¶�˜›—›—84�9<=>;f—›4C2

–

4#œŠDFA^4CA^4$=>—›˜€š525˜€™Cš5˜›œ�¨f—€=>25˜›DF9

D>©�§fA^Dp™74$š^š54$š
˜›9(²FA7=>9p¨f—€=>A
œŠ4$?p˜€=0¶

–

˜€™

–

=>A^4Šš54�9<š5˜›25˜›³F4�25D�²FA7=>˜›9(š

–

=>§<4Fž�š5¨<™

–

=Fš#2

–

4

©ƒA^˜€™725˜›DF9<=>—8;<4

–

=$³3˜›DFA-D>©�©V=>¨f—›2�²FDF¨f²F4F°

�¼“��C•�•�� ����‘�
D
 ��•�Ž �

•-–

˜€š�¶-DFA^¬�¶�=Fšdš5¨f§f§<DFA^254$?�;pª�2

–

4#:�¨<š525A7=>—›˜€=>9'®dDFœŠ§f¨f2^=>25˜›DF9<=>— �d=>A^2

–

13ªpš5254�œ0š-13˜›œŠ­

¨f—€=>25DFA#•V:C®-™ �-1f1f¦dB�=$¸5DFA �C=>25˜›DF9<=>—�´�4$š54$=>A7™

–


<=F™7˜›—›˜›2WªF°

�

��	;�8•���•�“����




s

G

•3N$e

K

sae$gdQSN^XWN7TVQ

I

Mfe��3s �Csae�
�Z>TW`Fsae �<sae��8_a`

I

N$e gCs��

K

QatC]F_a`�XWQSZ>P#Z�[<X5MFNd‚VP>‰f]FN7P

I

N�Z�[<…d`�XWN-`$P3b

K

X5`�XWN-bFN7~3N7P3bFN7P>X��3TVQ

I

XWQSZ>P�Z>P#X5MFN�
Š`

I

TVZ$U

I

Z>~FQ

I��

N7M3`7R>QSZ>T�Z�[

H

Z>t
~F_SN^†��3`$]F_SX��pZ>PFN^U�‡�QSX5M

X5MFN�c<`�XWXWQ

I

N

K

Z$_SQab�
�ZFbFN^_���]3TVN

G

~3~F_€s��dN^Z>~3Mfsae l$j$j$l

lFs

H

_SN7`$TVY$e��<s �ºsae

K

XWZ>r�N^U7e��Csae��-]3TV_SN^Y$e �3s��

J�!#I

QSN7P>X

H

Z$_S_SQSUWQSZ>P�gdN^XWN

I

XWQSZ>P0Z�[�L�M3TVN^N
gdQatCN7P>•

UWQSZ>P3`�_

K

]3~3N7Tƒ•ƒN^_S_SQa~FUWZ$Q›b3`�_"�8`$TVXWQ

I

_SN^U

H

Z>t
~fs3LfN

I

M3PFQSqF]FN^U�`$P3b

G

~3~F_SQ

I

`�XWQSZ>PFU7e


$#%#

k

)Fs

H

]3P3b3`�_S_€e&�<s

G

sae

K

X5TW`

I

r3e�'Cs$gCs

G

s��

G

bFQSU

I

TVN^XWN-PF]3tCN7TVQ

I

`�_ftCZFbFN^_F[€Z>T8„>TW`$PF]F_a`$T8`�UWUWN7tC•F_SQSN^U

�dN ( Z$XWN

I

M3PFQSqF]FN ��)


$#

k

#

h3s

H

]3P3b3`�_S_€e��<s

G

s��&�FZ>TWtC]F_a`�XWQSZ>P�Z�[8`
L�M3TVN^N5•VbFQatCN7PFUWQSZ>P3`�_8gdQSUWXWQaP

I

X

J

_SN7tCN7P>X�
�ZFbFN^_�*+�8`$TVX

‚5s

G�K>I

MFN7tCNŠXWZ�gdN^XWN

I

X0`$P3b(…�N7~3TVN^UWN7P>X

H

Z>P>X5`

I

XWU�QaP»`

K

Y>UWXWN7t

H

Z>t
~3Z$UWN7b»Z�[�
Š`$P>Y

�<Z$_SYFMFN7b3TW`�_

�

_SZ

I

r$U-‚VP>X7s��3sF…�Z

I

r3s�
�N

I

Mfs�
�QaPfs

K>I

Q€s�,-�dN^Z>tCN

I

Mfs

G

•FUWX5T^s ��.0/218}
�


$#%3%3

4

s5�dZ$„>]FN$e

H

s��

K

M3`$~3N�…�N7~3TVN^UWN7P>X5`�XWQSZ>PFU�`$P3b

H

Z>P>X5`

I

X�gdN^XWN

I

XWQSZ>P
[€Z>T�gdQSU

I

TVN^XWN

J

_SN7tCN7P>X

K

Qat�•

]F_a`�XWQSZ>PFUdZ�[

G

TW•FQSX5TW`$TVY��dN^Z>tCN^X5TVQSN^U

J

PF„$QaPFN^N7TVQaPF„

H

Z>t
~3]FX5`�XWQSZ>PFU '�.0/218} �


$#%#%3

6

s5�dZ$„>]FN$e

H

sae��dN^‡�_a`$P3bfe<gCsae��

J�!#I

QSN7P>X

I

Z>t
~3]FXWN7TCtCZFbFN^_S_SQaPF„0Z�[�X5MFN#tCZ$XWQSZ>P'Z�[d`$TW•FQSX5TW`$TVY

„>TW`�QaPFUdQaP ���<Z�‡dbFN7TVU-`$P3b7�-TW`�QaPFU

#

)Fe3L�MFZ>TWP>XWZ>P

m

N7bfs u^e


$#%#

)

kFs5�dZ$„>]FN$e

H

sae&�dN^‡�_a`$P3bfe$gCsae��

J�!#I

QSN7P>X

I

Z>t
~3]FXWN7T8UWQatC]F_a`�XWQSZ>P�Z�[ftCZ�R>QaPF„�„>TW`$PF]F_a`$T�~3`$TVXWQ

I

_SN^U

�<Z�‡dbFN7T�LfN

I

M3PFZ$_SZ$„$Y$e�8�9


$#%#

h

3

s5
Š`$MF•3Z>]3•FQ€e

G

sae

H

`$tC•3TVZ>]fe

�

sae��3TVY$e��3s �3s�� �-]3tCN7TVQ

I

`�_�tCZFbFN^_SQaPF„0Z�[�X5MFN#tCN

I

M3`$PFQ

I

`�_�•3N5•

M3`7R>QSZ>T<Z�[<PFZ>P>•ƒU5~3MFN7TVQ

I

`�_€e

I

TW]FU5M3`$•F_SNd~3`$TVXWQ

I

_SN^U�QaP �%�<Z�‡dbFN7TVU�`$P3b+�-TW`�QaPFU

#

kFe

�

N7M3TVQaPF„$N7T�`$P3b

�$N7P3r$QaPFU

m

N7bFU7s u


$#%#

k

#

s5
Š`�QaT^e&:
sae&�3TVY$N$e&:
s 
'sae%
Š`$TVZ>PFN$e

H

s��>‚VP>‰f]FN7P

I

N�Z�[��-TW`�QaP

H

M3`$TW`

I

XWN7TVQSUWXWQ

I

UdZ>PCX5MFN��3TVQ

I

XWQSZ>P

Z�["�-TW`$PF]F_a`$T

K

MFN7`$T��pZ>PFN^U��3s��dN^Z>~3M>Y>U7s3…�N^U7s�'�; 8�<�'�;�l$j$j$l




jFs5
�Z>TW`Fe��<sae �8_a`

I

N$e8gCs��

K

QatC]F_a`�XWQSZ>P'Z�[�X5MFN

K

XWQ

I

r�•

K

_SQa~E‚VPFUWX5`$•FQS_SQSXVY0��]3TVN

G

~3~F_€s �dN^Z>~3M>Y>U7s

' � �

m


$#%#

h>u




%


s5
�Z>TV„>`$Pfe$�3s :
sae

�

Z>N^XWX

I

MFN7T^e�
's

K

s��$�-]3tCN7TVQ

I

`�_FUWQatC]F_a`�XWQSZ>PFU�Z�[3„>TW`$PF]F_a`$TpU5MFN7`$T��^Z>PFN^U�]FUWQaPF„

X5MFNŠbFQSUWXWQaP

I

X�N^_SN7tCN7P>X�
�N^X5MFZFb �




s

K

MFN7`$T��^Z>PFN0r$QaPFN7t
`�XWQ

I

U0`$P3bEX5MFNŠtCQ

I

TVZ>tCN

I

M3PFQ

I

UŠZ�[

_SZ

I

`�_SQ��7`�XWQaZ>P �3s��dN^Z>~3Mfs3…�N^U7s�'�;
� < �fe


$#%#%#




lFs5
Š]FUWXWZ>N$e��Cs �Cs �ºsaepgdN$�<Z>Z>TVXWN7T^e��Cs��

G

PF]3tCN7TVQ

I

`�_�tCZFbFN^_<[€Z>TdX5MFNCtCN

I

M3`$PFQ

I

`�_�•3N7M3`7R>QSZ>T

Z�[<~3`$TVXWQ

I

]F_a`�XWN�tCN7bFQa`

I

Z>P>X5`�QaPFQaPF„
PFZ>P>•

I

QaT

I

]F_a`$T�U5M3`$~3N7b#~3`$TVXWQ

I

_SN^U�QaP �&�<Z�‡dbFN7TVU�`$P3b+�-TW`�QaPFU

#

)Fe3L�MFZ>TWP>XWZ>P

m

N7bfs u^e


$#%#

)




)Fs5�8_a`

I

N$epgCsae 
�Z>TW`Fe��<s��FL�MFN�c<`�XWXWQ

I

N

K

Z$_SQab7
�ZFbFN^_fXWZ

K

QatC]F_a`�XWN-X5MFN5��M>Y>UWQ

I

U�Z�[�…�Z

I

r$Ud`$P3b

J

`$TVX5MFqF]3`$r�N^U$�3‚VP

I

Z>TW~3Z>TW`�XWQSZ>P�Z�[��3TVQ

I

XWQSZ>P0�3s

H

Z>t
~fs���M>Y>U7s '�.�;

m


$#%#%#

u




h3s5�8_a`

I

N$e�gCsae 
�Z>TW`Fe��<s����-]3tCN7TVQ

I

`�_

K

QatC]F_a`�XWQSZ>PEZ�[-cfZ

I

`�_SQ��7`�XWQSZ>P ��MFN7PFZ>tCN7P3`�QaPE`7�3`$]F_SX

�dZ>]F„$N5��]3TVN

G

~3~F_€s��dN^Z>~3M>Y>U7s '�.�8�l$j$j$j


$4

s5��� Z$U

I

MFN^_€e�L-sae

�

]

I

M3MFZ$_SX��$e��
s��

K

X5`�XWQ

I

�3TVQ

I

XWQSZ>P-��MFN7PFZ>tCN7P3`(QaP �-TW`$PF]F_a`$T0
Š`�XWN7TVQa`�_SU$�

H

Z>]F_SZ>tC•�c<`7‡iR$N7TVU5]FU��8`$TVXWQ

I

_SN2�dN^Z>tCN^X5TVY0��M>Y>U7s3…�N^RpspcfN^XWX7s�8 '
	8} � �


$#%#

)


$6

s

K

M3`$•3`$P3`Fe

G

s

G

s��

H

Z>t
~3]FX5`�XWQSZ>P3`�_8gdYFP3`$tCQ

I

U5�3s��(QS_SN^Y0,

K

Z>PFU7e


$#%#

h




kFs�L�QaPF„3e��3s 
'sae�:�M>‡�`�ˆW`Fe�
'sae�
�N7`

I

MF]3t�e3c�s …�saeF…�Z�‡�N^_S_€e �3s gCs��

G

P

J

_S_SQa~FUWN5•

�

`�UWN7b'gdQSU

I

TVN^XWN

J

_SN7tCN7P>X5
�ZFbFN^_��FZ>T��-TW`$PF]F_a`$T�
Š`�XWN7TVQa`�_SUC‚VP>X7s��3s��-]3t�s

G

P3`Fs�
�N^X5Mfs �dN^Z>tCN

I

Mfs�'�8


$#%#

)


$3

s��(QS_S_SQa`$t
U7e��3s$…�sae�'��

H

Z>P3PFZ>T^e$…�s

G

cfQaPFN7`$T

H

Z>t
~F_SN^†>QSXVY�‚VP>XWN7TVUWN

I

XWQSZ>P

G

_S„$Z>TVQSX5M3t¼[€Z>T8X5MFN

gdQSU

I

TVN^XWN

J

_SN7tCN7P>X

K

QatC]F_a`�XWQSZ>P�Z�[

G

TW•FQSX5TW`$TVY7�dN^Z>tCN^X5TVQSN^U

J

PF„$QaPFN^N7TVQaPF„

H

Z>t
~3]FX5`�XWQSZ>PFU '��


$#%#%4


$#

s5�fM3`$PF„3e
�
sae
��]>•W\-]FZ

I

efc�e��

K

QatC]F_a`�XWQSZ>P'Z�[

I

MF]FXWN�‰pZ�‡iZ�[�UWZ�YF•3N7`$PFU�]FUWQaPF„Š`$P�Qat
~3TVZ�R$N7b

X5`$PF„$N7P>XWQa`�_p[€Z>T

I

N5•VbFQSU5~F_a`

I

N7t
N7P>XCtCZFbFN^_�
�N

I

M3`$PFQ

I

U-Z�[�
Š`�XWN7TVQa`�_SU ���feFl$j$j$j


