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Increasing horizontal spatial frequency.

Increasing horizontal spatial frequency.
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(a) Aperture problem.

Moving downward,
Appears stationary.

Movement of corner 
Used to determine motion.

Moving downward

(b) No Aperture problem.
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Distortion line for MAD.

First proposed Modified MAD distortion line.

Second proposed Modified MAD.

(b) Quantised values after second proposed modification of MAD.

(a) Quantised values.
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Complexity Curve 3.

(Low Complexity.)

(High Complexity.)

t�-:Q<C?@82 �T� Z � o ! ; -EDEDEC./863@!HO68-:9<; 9IJ�68+?2P@825DEHO68-E9<;./8+.- � A)2T6 m�2T25; �cC.HIDE-E6� HI;.= AS-:6 X @!HO632PJ\9I@B=.- 
)2T@825;�6479<F��SDE27e�-:6 �`gOHIDEC?25/5Z

�T� k



��2T@!/���254768-:gI2,9IJ�68+.2 q �'� � X � 25;S479c=?2T@nZ�& 6�/82T25FY/~@!25HI/39<;.HOASD:2"639 �S@89���9</32,68+.HO6�HG479<F���D:27e|/32��cC?25;.472@82��cC.-:@825/�F(9I@!2BA�-:68/d_�HW+.-:Q<+?2T@�AS-:6 X @�HO632�ab639W25;S479c=?2N68+.HI; HW/!-EF��SD:2B-EFYHOQI2d/32��cC?25;.472dJ\9I@(H%Q<-:gI25;-EFYHOQI2B/32��cC?25;.472 �cC.HIDE-:6 �IZd�?-EFY-EDEHO@�D:�RHi+.-EQ<+ ��CSHIDE-:6�W-EF|HOQI2|/32��cC?25;.472|@!2���C.-E@825/bF(9I@82|AS-:68/b68+SHI;¤HD:9�m ��CSHIDE-:6�N/32��cC?25;.472�9IJ�68+?21/!HIF(2b479<F��SD:27e?-:6 �IZ
C^-E=?2T9W/32��cC?25;.472i479<F���D:27e�-E6�K+SHI/GA�25HO@!-0;?Q 9<;>68+.2i479<F��.@825/8/!-:AS-EDE-E6�%9IJ"HW/32��cC?25;.472IZ & 6Y/82T25FY/@825HI/39<;SHOASD:2�639R/8C�� �)9</82G68+.HO6bHd/82���C?25;S472(m]-:68+%479<F��SD:27eWF(9I68-:9<;WHI;S=W/��SHO68-EHID �.@!9��)2T@!68-:25/hm]-EDEDr;?9I6479<F��.@!25/8/1HI/1m�25DED~HI/GHi/82���C?25;S472|m]-:68+¤/8-EF��SDE2�FY9I68-:9<;¤HI;.=¤-EFYHOQI2`479<;�6325;�6TZ ! 4TDE25HO@G=.-E/868-E;.4768-:9<;F C./36rA)2�FYHI=?2�A�2T6m�2T25;Gm"+.HO6rHh+cC.FYHI;G9IAS/32T@8gI2T@�m]-ED0DI@82TQ<HO@!=�HI/�479<F��SD:27e1HI;S=1m]+SHO6rHh479<F��.@825/!/8-:9<;HID:QI9I@!-E68+.F m]-ED0D�+.H5gI2 =.- #`4TC.DE6�N479<F��.@825/8/!-E;?Q?Z ! ;RHO636325F��.6]m]-0DED�A�2bFYHI=?21639Y��;.=iH`F(9c=.25D�JL9I@"68+?2@825/8CSD:68HI;U6���25HO�YAS-:6 X @!HO6325/	-E;|632T@!FY/�9IJ 68+?2^F(9I68-:9<;NHI;.=B-EFYHOQI2^4!+.HO@�HI47632T@!-E/368-E4T/�9IJ�/82TgI2T@!HID�/32���C.25;.4725/479<F��.@!25/8/325=dAc� q �'� � X � Z*,+.2b4!+.H-�.632T@�/]-E;d��HO@86& &~27e?HIFY-E;?2b68+.2�JL9<DEDE9nm]-E;.Q?o
p V +.H-�.632T@ �I� �.@!25/325;U68/hH|D0-:632T@!HO68C?@82G9ngI2T@8g�-:2Tm 9IJ�g�-E=?2T9|/32��cC?25;.472/�cC.HIDE-:6 �NFY25HI/8C?@825F(25;�6���HI;.=@!25DEHO6325/ �cC.HIDE-:6 �|639B479<F��SD:27e?-:6�NHI;.=d+?25;S472bAS-:6 X @!HO632IZ
p V +.H-�.632T@ ��� �.@!25/325;U68/�HI;K9ngI2T@8g�-:2Tm 9IJ,68+?2+�.@89�4725/8/G9IJ]F(25HI/8C?@�-E;?QR479<F���D:27e�-E6�W9I@ g�HO@!-0HOASD:25/m"+.-E4!+d479I@!@825DEHO6321m"-:68+d479<F��SD:27e?-:6 �IZ
p V +.H-�.632T@ � #/�S@825/325;�68/]HI;d9�gI2T@8gc-E2Tm 9IJr68+?2 �.@89�4725/8/j9IJ�F(9�=?25DEDE-0;?QG68+.2bAS-:6 X @!HO632IZ
p V +.H-�.632T@ � k��S@825/325;�68/,68+?2�@825/!C.D:68/	9IJ�68+?2bF(9�=?25D��S6368-0;?Q/�.@89�4725/8/TZ
p V +.H-�.632T@ � lN27e?HIFY-E;?25/^68+.2(2 
)25476G9IJ��~@!-E;.4T- ��HID V 9<F��)9<;.25;U68/ ! ;.HID:��/8-E/^HI;.= � HI48�c�c;.-:��;?QN9<;68+.21DE-E;?25HO@,FY9c=?25D Z
p V +.H-�.632T@ � ³Y479<;.4TDEC.=?25/"��HO@86& &�A��d479<F���HO@!-E;?Q(68+?2 �.@89���9</325=iDE-0;?25HO@,HI;.=��cC.HI=?@�HO68-E4�F(9�=?25DE/TZ��9<F(2bm�25HO�c;?25/!/325/,9IJr68+?21F(9�=?25D)�S6368-0;?QYH-�*�.@89<HI4�+RHO@82�27e?HIFY-E;.25=iHI/,m�25DED´Z

�T� l



�T� ³



� �������	��
 � �

� �  � &(� � � &��  " �  �%� & ��� ��' ' �  � � $ & �

�� � �* ' �/&
	 � �D�

*,+.-0/(4!+.H-�.632T@��.@89�gc-0=?25/YH¤=.27��;.-:68-:9<; 9IJb479<F���D:27e�-E6�>HI;.= 27e?HIFY-E;?25/|/39<F(2 4TC.@8@825;�6|DE-:632T@!HO68C.@82d9<;68+?2N@825DEHO68-E9<;./8+.- � A�2T6m�2T25; /8C?A �3254768-:gI2dHI;.=>9IA �3254768-:gI2i-EF|HOQI2NHI;S= -0FYHOQI2i/32��cC?25;.472 ��CSHIDE-:6�IZK*,+?2/8-EF|-EDEHO@!-:68-E25/~A�2T6m�2T25;i68+.2b479<F��SD:27e?-:6�dHI;.= �cC.HIDE-E6�N-E/	27e�HIF|-E;?25=�Z
! 4TC?@8@!25;U6�J\9c4TCS/^9IJ	/868C.=?� -0/�68+?2��.@825=S-E4768-:9<;P9IJj+�C.F|HI;%25/368-EFYHO68-:9<;¤HI;.= ��2T@!472��.68-:9<;%9IJ�g�-E=?2T9/32��cC?25;.4721��C.HID0-:6� JL@!9<F 472T@868HI-E;|9IA � 254768-EgI2"gOHO@!-EHOASDE25/�m]-:68+.-E;�68+.2]/32��cC?25;.472IZ���C.4�+YF(9�=?25DE/�HO@!2"C./32TJ�C.DJ\9I@"FYH�e?-EFY-E/!-E;?Q(68+?2 ��2T@!4725-EgI25=��cC.HIDE-:6 �B9IJ[@!254725-:gI25=Rg�-E=?2T9|m]+.-ED:2bF|-E;.-EFY-0/8-E;?QG68+?2G479<F��S@825/8/325= AS-:6 X@!HO632 ¥ � k<¬ Zj*,+?21DE9</8/,9IJ �cC.HIDE-:6 �dHI/]HYJ�C.;.4768-E9<;i9IJ�-EF���HI-:@!F(25;�6j-E/,@825D0HO6325=R639`68+?2G479<F���D:27e�-E6�N9IJ[68+?2/32��cC?25;.472��S/!-E;.472�68+?2�2 
�25476]9IJ[-EF���HI-:@!F(25;�6�-0/,F(9I@82b;?9I68-04725HOASD:2bJ\9I@]479<F��SDE27eN/32��cC?25;.4725/5ZV 9<F��SD:27e?-:6�d-E/,H`J�C.;.4768-:9<;d9IJ[68+.216325F���9I@!HID HI;S=R/��SHO68-0HID�HI4768-:g�-:6�dm"-:68+.-E;dH`/32���C.25;.472IZ V D:25HO@!DE�HP/32���C.25;.472`m"-:68+K=S-�
)2T@!25;U6 F(9I68-:9<;>-E;¤F|HOQ<;.-:68C.=?2BHI;.=>=.-:@8254768-E9<;¤-E/ F(9I@82N479<F��SD:27eu68+SHI; /!-EF��SD:2

�SHI;.;S-E;?Q�9IJ H1/868HO68-E4"/!4725;?2IZ���-EFY-0DEHO@!D:���IH /368HO68-E4]/!4725;?2"9IJ HG/363@82T2T6	FYH-�`-0/~F(9I@82h479<F��SDE-04THO6325=|68+.HI;BH/368HO68-E4G-EFYHOQI2 9IJ�HYA.@�-E48�Nm	HIDED´Z 0"-EQ<+R/��SHO68-0HID�HI;.=R6325F���9I@!HID J\@82��cC?25;.47�iFYHOQ<;.-E68C.=?25/j@825D0HO632G639B+.-:Q<+479<F��SDE27e�-:6 �IZ*jm�9dH-�*�.@89<HI4�+?25/^J\@89<F 68+.2�D0-:632T@!HO68C?@82�HO@82 27e�HIF|-E;?25=�o]FY9c=?25DªASHI/325= �.@!25=.-E4768-:9<; 9IJ'�cC.HIDE-:6 �iA��
C[9I@!HI;PHI;.= � 9<D:J ¥ l�#�¬ ��HI;.=�0hC.FYHI; Ch-0/8C.HIDª�c��/36325F�ASHI/325= F(9c=.25DEDE-E;?Q�Ac�is^H5g�-:25/h2T6hHID´Z ¥ � #O¬ Z,*,+?2@825DEHO68-E9<;./8+.- �NA�2T6m�2T25;��cC.HIDE-E6�`HI;S=i479<F��SD:27e?-:6 �B-E/,68+?25;d27e2�SD:9I@825=�Z
������� � �1'�� :;�	�@6
��' 3	����'� 8����������� � A	�;:��� 4
! F(9�=?25D,9IJ�68+.2 @825D0HO68-:9<;./8+.- � A)2T6 m�2T25; /8C.A � 254768-EgI2 HI;.= 9IA � 254768-EgI2P-EF|HOQI2 �cC.HIDE-:6 � -E/|HO636325F��S6325=_ �.@89���9</325=NAc� C[9I@!HI;RHI;S= � 9<D:J ¥ l�#�¬\a�Z��hJ �SHO@868-E4TCSDEHO@,-E;�632T@825/36]-E/	68+.2�JL25HO68C?@!25/]C./325= Z*,+.2j6325/36~=.HO68H^m	HI/~479I@8@�C��.6325=�Ac� =.-0/3639I@868-E;?Qh68+?2,g�-E=?2T9�HIF���DE-:68C.=?2	HI;.=(68-0FY-E;?Q?Z q 25HI/8C.@825F(25;�68/9IJ 472T@868HI-E;B479<F���9</8-:632]JL25HO68C?@!25/h_�=?25/!47@!-:A�25=(A�25D:9nm ��/32T2h2���CSHO68-:9<;./ �I� Z � � �I� Z # HI;.= �I� Z§k�a�J\9<DED:9�mbZ�*,+?2+cC.FYHI;B/8479I@825/	J\9I@	H �SHO@!68-E4TC.DEHO@�gc-E=.2T9 /32��cC?25;.472^HO@82�H5gI2T@�HOQI25=iHI;.=BJL9I@�FY/~68+.2^=.2��)25;S=?25;U6�g�HO@�-EHOASD:2IZ*,+?2`6325/368/ -E;UgI9<DEgI25= ³�kPgc-0=?2T9 /32��cC?25;.4725/G9IJ 	 /325479<;.=./ =.C?@!HO68-E9<;u25HI4!+ Z *,+?2|JL9<DEDE9nm]-E;.Qi9IA �3254768-:gI2

�T� µ



gOHO@!-EHOASD:25/jHO@!21F(25HI/8C?@!25=�o
� � �

�
�
� � � �� � l� µ-� � � � �����	��
 � _

�
_�
	
a3a � � � �����	��
 � _ � _�

	
a3a

� � �����	��
 � _ � _�
	
a3a ��� _ �I� Z � a

� ® � ¦ � � ���� �  � 	�#�k�FYH�e � ¥
�
�
� ���	��
 � _����1a � � � � ������
 � _�� Na¬ © ����� _ �I� Z � a± 4�� ¦ � � �� _ � ¨ � � a � � � � � � �� _ � ) � � ¯�± � � ¦ ) � � ° � _ � ¨ � � a3a _ �I� Z #<a

��� � � FYH�e� � �� � k  � l ��� D:9IQ�� � � �����	��
 � _�� Na� � ��������
 � _����Ga� � _ �I� Z§k�a
*,+.2b/3�cFGA�9<DE/jC./325=RHOA)9�gI21HO@821HI/]JL9<D0D:9nm]/5o
p
�
_ � aj-E/	68+?2��c9IA�25DS�)D:632T@!-E;?Q�9���2T@!HO68-:9<; Z��c2T2 ! �*��25;.=.- e ! J\9I@]=?2T68HI-EDE/,9IJ[�c9IA�25D)��DE632T@!-E;?Q?Z

p �
	
-E/	68+?2&4 �"! J\@!HIF(2�9IJ�68+?2�9I@�-:Q<-E;.HID�/32��cC?25;.472IZ

p 

	
-E/	68+?2 4 �"! JL@!HIFY2�9IJr68+.2b=?2TQI@!HI=?25= _�;?9<-E/32b479I@8@�C��.6325=�a�/32��cC?25;.472IZ

p � � �|-E/j68+.2b/368HI;.=.HO@!=R=?2Tgc-0HO68-:9<;N9IJ�68+?2,�S- e�25D�g�HID0C?25/TZ
p � � � �

	
� �

	
¢ � Z

p *]+?2b+.-:Q<+%�SHI/!/	��D:632T@]-0;N2���C.HO68-E9<;¤_ �I� Z§k�aj-E/];?9I6,=?25/847@!-EA)25=NAc� C[9I@!HI;RHI;.= � 9<D:J Z
*,+.2,DE-E;?25HO@~FY9c=?25D?-0/��S636325=YAc�(D:25HI/36~/ ��C.HO@!25/�HI;.=|-0/[9IJ�68+?2,J\9I@!F$#� � 
&% � � ��   � 
 � � � m]+?2T@82 
 � � /HO@82,68+.2]F(9�=?25D?479�2$#B4T-:25;U68/�HI;.='#�"-E/[68+?2j25/868-EFYHO6325= �cC.HIDE-E6�IZ[*,+?2,F(9�=?25D?HI4T479<C.;�68/�JL9I@���k?Z � � 9IJ�68+?2gOHO@!-EHI;.472,9IJ�68+?2h+�CSFYHI;Y/8479I@825/�HI;.=(68+.2�.@825=.-0476325=(g�HID0C?25/~479I@8@!25DEHO632]m]-E68+(68+?2]+cC.FYHI;Y/!479I@825/~m"-:68+YH479I@8@825D0HO68-:9<;R479c2$#`4T-:25;�6]9IJ �  
	 � �cZ,*,+.21/368HI;.=.HO@�=i=?2Tg�-EHO68-:9<;i9IJ�68+?2G2T@8@89I@!/G_�FY-E/8FYHO684�+RA�2T6 m�2T25; 68+?2�.@825=S-E476325=dHI;.=d68+?2GHI4768C.HID +cC.FYHI;d25/368-0FYHO6325= �cC.HIDE-:6 �?a�-E/ �  l�#Y-EF���HI-:@!F(25;�6�CS;.-:68/TZ

����� � (�A = � �*)  6BA	�;:�� 476 �
� = +,(-) �/. �	�@6
�10 = �20��/: :� �	�
s435g6587�9:7<;:3�=�> ¥ � #�¬ �@?�A��BAC9D7�E�;DFG7H5"IKJ&A�? �LA�?�3M;D58ACI�A�NO3QP/A6EG7�=BA�NR;DFG7,0TS@PU3�I CT5�9DS@3�=��c��9D;V7�PXW 0 Cb�@Y5"IZ3�S@;VACPU3M;D5"J���S@3�=�58;�[3�9D9V7�9�9DP/7�I�;<>�\]FG7 0TS@PU3�I CT5�9DS@3�=�����9V;V7�P^W 0 Cb�@Y25"9_P/A6EG7�="="7�E[N�?�ACP �K93��`J�F@A��KFU�69D5"J<3�=R3�I@E�IG7�SG?�A��KFU�69D5"J<3�=L9V;DSKE@587�9<>\]F@7a9V7<;DS*�b5"9T3�94NcAC="=8Anmd9To]3�e]e	sfJ<3�P/7<?�3g5�9TSK9V7�E�;VAh7&iG3�PU5"IG7j;DFG7/J&ACIk;V7�I�;D9HA�N�lI³ �lA�N�3�\@C9DJ&?D7<7�Im>�"�7�J<3�S@9V7jA�NnFK3M?�E?mo3M?D72J&ACI@9D5"E@7<?�3M;D58ACI@9:A�Np;DFG7_J<3�PU7<?�32�K;DFG7jPU3Mq�7�Ik;D3g9V;D5"PaS@="5)m�7<?D7_S@9D7�Er;VA;V7�9V;];DF@7_J&AC=8ACSG?s9�3M;DSG?�3M;D58ACI�>

0 C��'J&ACI@9D5�EG7<?�3M;D58ACI@9_=87�EZ;VAt;DFG7�9��u3M;D5"3�=1EGACPU3�5�IZvL7�5"IGq�E@5Eg�5"E@7�E[5"Ik;VA�7�58qCFk;V7<7�IwvK3�IKE@9H7Tg�7�I@=:�E@5:g65"EG7�EtNc?DACP � lg;VA �1� l�e��6J<=87�9�0�sT7<q�?D7<7Yg�7<?�;D5"J<3�="=:��3�IKE � ;VA � l�e���J<="7�9�0�sT7<q�?D7<7�FGA�?�5 C<ACIk;D3�="=E��5"I;DFG7�tGACSG?�587<?,�pAnm�7<?^�$�L7�J&;V?�S@P�>n\sFG74;V7�P��LA�?�3�=LEGACPU3�5"Ih5"9oE@5:g65"EG7�Eg5"I�;VA �Sg�7HvK3�I@E@9HWx9��u3�I@I@5"IGq � ;VA���  l�0 C,Y�>
�T� �



\]F@7sP/7�3�9DSG?�7�E �K3M?�3�P/7<;V7<?�9�m�7<?D7TP/7�3�I �cg 3M?�5"3�I@J&7��63�I@EU?�3�I@q�7sNcA�?�9��u3M;D5"3�=K3�I@E�;V7�P��LA�?�3�=@vu3�I@E@93�I@Eb;DFG7/9D3M;DSG?�3M;D58ACIbA�N ;DFG7/PU3Mq�7�I�;D3r5"PU3Mq�7�>_\sFG7 �u3M?�3�P/7<;V7<?�9^m�7<?D7/P/7�3�9DSG?�7�Eb3MNc;V7<?29DSGvK;V?�3�J&;D58ACIA�Nn;DFG7HA�?�58qC5�I@3�=LN�?�ACP ;DFG725"P��u3�58?D7�Eh5"PU3Mq�7�>\]F@7�5"P��K3�58?�P/7�I�;D9p3M?D7:J<3�S@9V7�Eav��a31�K3M?D;pA�Nu3TJ<=8AC9V7:5"IjN�?D7���SG7�I@J7�jJ&AM` J�F@3�I@I@7�=RWxS@9DS@3�=�=:�4;DFG7:3�S@E@58A3�9D9VA6J<5"3M;V7�ERms58;DFr;DFG7_v@?DAC3�E@J<3�9V;�Y��BJ&ACIk;D3�P�5"I@3M;D5"IGq�;DFG7bg65"EG7<AUJ�FK3�I@IG7�=��K5> 7�> �@;DFG7_9��L7�J&;V?�3UA�Np;DF@72;m�AJ�FK3�I@IG7�="9:A�g�7<?�="3-�m>�\]FG7H;�$�L7�9:A�N 5"P��K3�5"?�P/7�I�;�3M?D7j3�9]NcAC="=8Anmd9To
����� IKP/A�EKS@="3M;V7�EhJ&AM` J�F@3�IKIG7�=��KJ<3�S@9�5"IGq��K3�I@IK5"IGq�g�7<?D;D5"J<3�=�vu3M?�9:;VA�3-�*�L7�3M?�>
� ��� IKP/A�EKS@="3M;V7�ErJ&AM` J�FK3�I@IG7�=��KJ<3�SK9D5"IGq��uI@71�u3�I@I@5"IGq���7<?D;D5�J<3�=�vK3M?�9<>
	
� e�AM` J�F@3�I@IG7�=mJ<3M?�?�587<?��s5";DFrJ&ACP��K=87&irI@3M?D?DA�:`vK3�I@ErPUA�E@SK="3M;D58ACIZWc7�> qG> �uJ&AM` J�F@3�I@IG7�=O3�S@E@58A�Y�>
� � e�AM` J�F@3�I@IG7�=mJ<3M?�?�587<?��s5";DFrJ&ACP��K=87&i��s5"EG7&`vu3�I@EhP/A�EKS@="3M;D58ACI[Wc7�> qG> ����� 3�S@EK58A�Y�>
� � ! E��D3�J&7�I�;OJ�FK3�I@IG7�=CJ<3M?D?�587<?��s5";DFHJ&ACP��K=87&i��s5"E@7&`vK3�I@EHP/A6E@S@="3M;D5"ACIUWc7�> qG> �M3�E��V3�J&7�I�;pJ�F@3�I@IG7�=��s5"EG7&`vu3�I@E���� Y�>
� ��� I@P/A6E@S@="3M;V7�EUJ�F@3�I@IG7�= ��J<3�9D5"I@q_3��u5�J���7<?�5"I@q_9V;V?�S@J&;DS@?D7�E��K3M;V;V7<?�I��s58;DF�3�����A�A6E6`q�?�3�5"I �23-�*�L7�3M?V`3�IKJ&7�>
!���" S@="9V7dP/A�EKS@="3M;V7�EU5"P�3Mq�7TJ�F@3�I@IG7�=uJ<3M?D?�587<?HWc7�> qG> �GE@58qC58;D3�=u3�S@E@58A�Y��#�s58;DF�3$�65"9DS@3�=G7 
L7�J&;:9D5"PU5�="3M? ;VA

�	�@vuSG;%�s58;DFr9D="A&�s=('gP/A&�65"IGqUF@A�?�5 C<ACI�;D3�=�vK3M?�9<>\]F@7 �K3M?�3�P/7<;V7<?�9 3M?D7 �@?DA6J&7�9D9V7�EQv)'a32;DFG?D7<7]="3&'�7<? IG7�SG?�3�=GI@7<;*��A�?�� �#�s58;DFaNcA�?D;*'/F@5"EKEG7�Ij=�3+'�7<?�9���;VAq�7�IG7<?�3M;V7Q3gese	&-, 5"P��u3�58?�P/7�I�;:q�?�3�EG7�>]\]F@7_IG7<;*��A�?��.�o3�9s;V?�3�5"IG7�E�ACI �0/1/1/1/ 58;V7<?�3M;D58ACI@9sA�N19V;D5"PaS@="5
�M3M?�'�5�IGq[5"I e]e	&�, 5"P��K3�5"?�P/7�I�;jq�?�3�E@7�N�?�ACP32h;VA54�> \]FG7r5"P��K3�5"?D7�E 5"PU3Mq�7�96��7<?D7rq�7�IG7<?�3M;V7�E v#'7&i2�B7<?�;%��5877��7<?�9]3�E��VS@9D;D5"IGqQ;DFG7_5"P��K3�58?�P/7�I�;�q�?�3�EG72Nc?DACP82H;VA94�>\]F@7�7<?D?DA�?UA�?gPU5"9DP�3M;DJ�F vL7<;:��7<7�I ;DFG7 �@?D7�EK5"J&;V7�E 3�I@E 3�J&;DSK3�=d5"P��K3�58?�P/7�I�;/5"9���SGA�;V7�E 3�9 /  ;4ACI[;DFG7he]e	&�,f5"P��K3�5"?�P/7�I�;Tq�?�3�EG7U9DJ<3�=87����sF@5"J�F[5"P��K=�587�9s;DF@7�J&A�?D?D7�J&;aese	&-, 5"P��K3�5"?�P/7�I�;dq�?�3�E@7�5"9
�@?DA6E@S@J&7�Em>
����� � �=<	� ��� :�� ������ ��� � A	�;:��� 4 � �Q0 8 � = 3 :���> �� 4
? S@3�=�58;*'r3�I@EtJ&ACP6@K=87&iG58;*'r3M?D7a9DFGA�sI�;VAgvL72?D7�="3M;V7�Et5"I�;DF@5�9]9V7�J&;D58ACI�>]\sFG7_9D3�P/7aP/7<;DFGA6E@9sSK9V7�E�NcA�?
@@?D7�EK5"J&;D5"IGqA��5�EG7<A[9V7���S@7�I@J&7 ��S@3�=�58;*'wJ<3�I vL7hSK9V7�EwN�A�?UP/7�3�9�SG?�5"IGq J&ACP6@K="7&i658;:'�> \]FG7g;*��A'P/A6EG7�="9EG7�9DJ&?�58vL7�E[vLA�;DF'7&iG3�PU5"IG7g;V7�P6@LA�?�3�=�3�I@E 9�@K3M;D5"3�=�F@58qCF'3�IKE =8A�-N�?D7���SG7�I@JB'ZP�3MqCI@58;DS@EG7�9�>�\]F@5"9j5"9
�65"9D58vK="7dNc?DACP ;DFG7HNcAC="=8A�s5"IGq/30@C@K?DAC3�J�FG7�9+D

E C A�?�3�I 3�IKEGF[AC=8NHq�7�I@7<?�3M;V7H� 3M?�5�3MvK=87�9UACIJI�A�vL7�=K�B=8;V7<?D7�E N�?�3�PU7�9�3�I@E 7&iG3�PU5"IG7bE@5MLL7<?D7�I@J&7�9vL7<;:��7<7�ItJ&ACI@9V7�J<SG;D5(��7jN�?�3�P/7�9_Wc;V7�P6@LA�?�3�=N@K?DA�J&7�9�9D5"IGq�Y�>
EPO 3&��587�947<;23�=>Q@u3M?D;D58;D58ACIt;DFG7/9R@K3M;D5"3�=p3�I@Eb;V7�P6@LA�?�3�=pNc?D7���S@7�I@JB'�EGACPU3�5"I 3�I@E P/7�3�9�SG?D7QP/7�3�I3�IKE.� 3M?�5"3�I@J&7HACI�;DF@7�9V7�>

2 / 	



� A�;V7_;DF@3M;QI6A�vB7�= �B=8;V7<?�5"IGqQ5"9]3Qvu3�I@E6` @K3�9D9]A1@B7<?�3M;D58ACI�>
�t7�3�9DSG?D7�PU7�Ik;D9HA�N�J&ACP6@K=87&iG58;:'t5"I#��AC=(��7QvLA�;DF ;V7�P6@LA�?�3�=n3�I@E 9R@K3M;D5"3�=n3�J&;D5(�658;*'�> & ;45�9TJ<="7�3M?H;DFG7�I;DF@3M;TvLA�;DF���S@3�="58;:'�3�I@EbJ&ACP6@K=87&iG58;*'�7�9V;D5"PU3M;D58ACIb5"I#��AC=(��7QP/7�3�9DSG?D7�PU7�Ik;D9TACI 9R@K3M;D5"3�=p3�I@Et;V7�P6@LA�?�3�=3�J&;D5(�658;*'�3�I@Eh3M?D7d;DF�S@9�?D7�="3M;V7�E�>�e:F@30@@;V7<? 2��_7&iG3�PU5"I@7�9 ;DFG745"9D9�SG7�9�5�I�P/7�3�9�SG?�5"IGq_;DFG7TJ&ACP @K=87&iG58;*'UA�N36�65"EG7<AU9V7���SG7�I@J&7�>

212 /



� ������� � 
 ���

&(� �  � � � . �,�* ' �/&
	 � � �

\]FG7 @@?�77��58ACSK9�J�F@30@@;V7<?]7&iG3�PU5"IG7�Eg;DFG74?D7�=�3M;D58ACI@9DF@5 @�vL7<;*��7<7�I ��S@3�="58;:'�3�I@EhJ&ACP6@K="7&i658;:'�3�I@Er9�FGA&��7�EJ&7<?D;D3�5"I/9�5"PU5"="3M?�58;D587�9mvL7<;:��7<7�I/;DF@7�Pr> \]F@5"9nJ�FK30@@;V7<?17&iG3�PU5"IG7�9n;DFG7:5"9�9DSG7�9n5"I#��AC=(��7�E/5"I/P/7�3�9DS@?�5"IGqT;DFG7J&ACP6@K="7&i658;:'�A�N 3���5�EG7<Ag9D7���SG7�IKJ&7�>2eoACP6@K=87&iG58;*'�5�9dE@5 #�J<S@=8;];VA ��S@3�I�;D58N ' .��sF@3M;43hF�S@P�3�I�A�vK9D7<?���7<?
��ACS@="EU?�7<qC3M?�Eh3�9�J&ACP @K=87&i�3aPU3�J�F@5�IG7 0 J&ACP6@@?D7�9�9D58ACI�3�="q�A�?�58;DF@P PU58qCF�;�IGA�;��G3�I@E��65"J&7 ��7<?�9�36> � 5(��7�= 'P/7�3�9DS@?D7�9oN�A�?]P�3�J�F@5"I@7TA�?�587�Ik;D3M;V7�ErJ&ACP @K=87&iG58;*'g5"I@J<="S@E@7s;DFG72I�S@PjvB7<?�A�NpvK58;D9�7�I@J&A6EG7�E��6;DFG7H3+��7<?�3Mq�7vK58; `?�3M;V7��63�IKE�;DFG7Q@L7�30�UvK58; `?�3M;V7�> & I�A�?�EG7<?o;VAQP/7�3�9DSG?D7T;DFG7T7&i63�J&;]J&ACP @K=87&iG58;*'UA�NO3 �65"EG7<AQ9V7���SG7�I@J&758;s5�9]IG7�J&7�9D9D3M? 'r;VA�7&iG3�PU5"IG72;DF@7_7�I�;D58?D7_9V7���SG7�I@J&7�>:\]FK5"9:PU3+'�I@A�;svL7�@@?�3�J&;D5�J<3�=mNcA�?d=8ACIGq�9V7���S@7�I@J&7�9Wc7�> qG>��u3UNcS@=�=B="7�IGq�;DFrNc7�3M;DSG?D7��u=�P�Y�3�I@E�3�Ir7�9V;D5�PU3M;V72A�Nn;DFG72J&ACP6@K="7&i658;:'gP�3+'rF@3+��7j;VAUvL72PU3�EG7�>\%��AUvK3�9�5"J430@C@@?DAC3�J�FG7�9];VA�;DFG72J&ACP6@K=87&iG58;:'�@@?�A�vK=87�P 3M?D727&iG3�PU5"I@7�END

2M>	��9V;D5"PU3M;V74;DFG7H3&��7<?�3Mq�7_vK5"; `?�3M;V7UWx3+��7<?�3Mq�7_I�S@PjvL7<?�A�NOvK58;D9�7�I@J&A6EG7�EuY1A�?:;DFG7H="5(��7�="5�FGA�A6EUA�NO;DFG7vu58; `?�3M;V7/7&iGJ&7<7�E@5"IGqr39@K3M?D;D5"J<SK="3M?4;DFG?D7�9DFGAC=�E�Nc?DACPX;DFG7/9D3�P6@u=87�94A�N ;DFG7QvK5"; `?�3M;V7/;D30��7�I�>Q\]F@5"95�9]EG7�9DJ&?�5"vB7�Eh5"Ih;DFK5"9:J�F@30@K;V7<?�>
��> �tA6EG7�=:;DFG7�vu58; `?�3M;V7�Nc?DACP 9D3�P @K=87�9QA�N4;DFG7�5"I @uSG;/E@3M;D3Z3�I@E 7�9D;D5"PU3M;V7�;DFG7t3MvBA��7�> \]FK5"9/5"9E@7�9DJ&?�58vL7�Er5"Ite:F@30@@;V7<?$2�#U3�I@E�;DFG7_?D7�9DS@=8;D9]A�Np;DF@7j30@C@K=�5"J<3M;D58ACIhA�Nn;DF@5"9]30@ @@?DAC3�J�Fb5"Ite:F@30@@;V7<?

2�
G>\]FK5"9jJ�F@30@@;V7<?U7&iG3�PU5"I@7�9Q;DFG7r5"9D9DSG7�9Q5"I#��AC=(��7�E 5"I 9V;D3M;D5�9V;D5"J<3�=:9D3�P6@u="5"IGqtA�NdE@3M;D36> ! I 3M;V;V7�P @@;5"9gPU3�EG7b;VA S@9V7b;DFG7[e:FG7<v#'6J�F@77� 5"IG7���S@3�="58;:' ;VA EG7<?�5(��7�@@?DA�vK3MvK5�="58;D587�9/A�N_;DFG7tvu58; `?�3M;V7 7&i6J&7<7�EK5"IGqJ&7<?D;D3�5"Iw="5"P�58;D9<>h\]FG7�5"9�9DSG7�9_5�I ��AC=(��7�E 5"IZ?�7�J&ACI@9V;V?�S@J&;D5�IGq�;DFG7gvK58; `?�3M;V7�NcSKI@J&;D58ACI[Nc?DACP 58;D9_9D3�P @K=87�93M?D727&iG3�PU5"I@7�Er3�I@E��uI@3�=�=('U;DFG7_J�F@30@@;V7<?T5"9:J&ACI@J<="S@E@7�E�>
� � ��� 2 �	�;:9476
 6 ��� 6
�;= 3 :�� 6 ��� ��<	� ������ ��� ���

I�;D3M;D5"9D;D5"J<3�= 3�I@3�=('69D5"9dA�N�;DF@7QJ&ACP @K=87&iG58;*'t?D7���SK58?D7a;DF@3M;4;DFG7UP/7�3�I[3�I@EH�M3M?�5"3�I@J&7QA�N�;DFG7/9D3�P6@K=87�94vL73�J<J<SG?�3M;V7�= 'r7�9V;D5"PU3M;V7�E�>]\sFG7_5"9D9�SG7�9]5"I#��AC=(��7�E�5�Irq�7�IG7<?�3M;D5"I@q�;DFG7a9D3�P6@K=87�9]?D7���SK58?D7H7&iG3�PU5"I@3M;D58ACIm> !v@?�5"7<NpA��7<?��65877� A�N1?�3�I@E@ACP 3�I@Eb9R'69V;V7�PU3M;D5"Ja9D3�P6@u="5"IGq�5�9��K?�9V; @@?�7�9V7�Ik;V7�Et;DFG7�Ib;*��Ar30@C@@?DAC3�J�FG7�9T;VA3�I@3�=('69D5"9oA�Np;DFG7�9V7j9D3�P6@K=87�9s3M?D7H7&i63�P�5"IG7�E�>1\%��A�P/7<;DF@A�E@9]A�N @@?�A�J&7�9D9�5"IGqQ;DFG7_9D3�P @K=87�9:3M?D71D
21212



2M>s\sFG7jeoFG7<v)'�J�FG77�r5"IG7���S@3�="58;:'�>
��> ! ;V;V7�P @@;D5"IGqU;VA�?D7�J&ACI@9V;V?�SKJ&;]A�?s5"I�;V7<?�@LAC="3M;V7HvL7<;*��7<7�I�9D3�P @K=87�9<>

� � � � 2 � � ��� � � �� � ��� 6
�;= 3 : ��	�
I63�P6@u="5"IGq23M;V;V7�P6@K;D9�;VAa7�9V;D5"P�3M;V7 @K3M?�3�P/7<;V7<?�9�A�N�;DFG7 @LA1@KSK="3M;D58ACI/Nc?DACP 9D3�P6@K=87�9 A�Nm;DFG7 @BA1@uS@="3M;D58ACI�>\%��A��65"I@E@9LA�NG9D3�P6@u="5"IGqo3M?D7 7&iG3�PU5"I@7�END ,s3�I@E@ACP 3�I@E$I)'69V;V7�PU3M;D5�J I63�P6@K=�5"IGqG> �4IG7�J<3�I@IGA�;RP/7�3�9�SG?D7;DFG7Q@LA1@KS@="3M;D58ACI
@K3M?�3�P/7<;V7<?�9o7&i63�J&;D=('g3�I@EgE@58?D7�J&;D=(' .�ACIG74?D77@K="3�J&7�9�;DFG7�9V7 @LA1@KS@=�3M;D58ACI6@K3M?�3�PU7<;V7<?�9ov#';DFG7_9�3�P6@K=8747�9V;D5"P�3M;V7�9��@7�> qG>�� @LA1@KSK="3M;D58ACIhP/7�3�I�5�9o?D77@K="3�J&7�Erv)'h9D3�P6@K=872PU7�3�I�>
����������� � � ����	����
�:	�� ��.E��(�5)
��$ � �($%�5�,�����
& I ?�3�I@EGACP 9D3�P6@u="5"IGqb3�I 3M;V;V7�P6@@;U5"9/PU3�E@7g;VA[7�IK9DSG?D7g;DF@3M;/7�3�J�F 7�=87�P/7�I�;U5"I 3�@LA1@KSK="3M;D58ACIwF@3�93�Iw7���SK3�=�J�F@3�I@J&7hA�N]vL7�5"IGq�J�FGAC9V7�I�>[\]F@7�P/7�3�IwA�N];DFG7h9D3�P6@u=87�9_;D30��7�I 5"9a3bJ&ACI@9D5"9V;V7�I�;/S@I�vK5"3�9V7�E7�9V;D5"P�3M;VA�?'Wx9V7<7	� #�
�cY�A�N_;DF@7 PU7�3�I A�Nj;DFG7 @LA1@KS@="3M;D5"ACI��]3�I@E 9D5"PU5�="3M?�=('wN�A�?r;DF@7A�M3M?�5"3�IKJ&7bA�Nj;DFG79D3�P6@u=87�9<> �GA�?4="3M?Dq�727�I@ACSGqCF�9D3�P6@u=8729D5 C<7�9:;DF@7�@LA1@KS@="3M;D58ACIhP/7�3�It3�I@E.�M3M?�5"3�I@J&72J<3�I�vL723�J<J<SG?�3M;V7�=('7�9V;D5"P�3M;V7�E�Nc?DACP ;DFG729D3�P @K=872P/7�3�I�3�IKE.� 3M?�5"3�I@J&7�> \%��A6�65"I@E@9�A�N 9D3�P6@K=�5"IGqQ3M?D7_S@9V7�E D

E ,s77@K="3�J&7�P/7�I�;d9�3�P6@K="5"I@qhW , ,TY Du\sFG729V7<;]A�N 3+�M3�5"="3Mvu=8729D3�P6@K="7�9:EGA�7�9dIGA�;sJ�F@3�IGq�7�>�\sFG7�@LAC9D9D5 `vu5"="58;:'�A�NnEG?�3+�d5"IGqQ;DFG7_9D3�PU7_9D3�P6@K="74PUA�?D72;DF@3�IrACIKJ&727&i65�9V;D9<>
E � ACI6`?D77@u="3�J&7�P/7�I�;d9D3�P6@u="5"IGqrW , � ,TY D ! 9D3�P @K=87HJ<3�I�vL72EG?�3&�sIhACI@J&72ACIK=('�>\]F@7H7�9V;D5"PU3M;V7�9sA�Np;DF@72P/7�3�I�3�I@E��M3M?�5"3�IKJ&72A�NO;DF@7�9V7_5"9:3�9sN�AC="="A&�s97D
E ,s77@K="3�J&7�P/7�I�;s9D3�P @K="5"IGq D

� � � � � �
� � ��� � � ���

2

�
� �

��� � ) � 4 
�� � � � � ���
2

�
� �
4

E � ACI6`?D77@u="3�J&7�P/7�I�;d9D3�P6@u="5"IGq D
� � � � � �
� � � � � � � �

��� � ) � 4 
�� � � � � ���
4

�
� �
4��

�sFG7<?�7
E � � � � EG7�I@A�;V7�9];DFG72PU3M;DF@7�PU3M;D5"J<3�=m7&i @L7�J&;D3M;D58ACI�>

212��



E � 5"9:;DF@729D3�P6@K=872PU7�3�I�>
E � � 5"9o;DFG7j9D3�P6@K=87 �M3M?�5"3�I@J&7�>
E � 5"9o;DF@7�@LA1@KS@="3M;D58ACIhP/7�3�Im>
E � � 5"9o;DFG7�@LA1@KS@=�3M;D58ACI9� 3M?�5�3�I@J&7�>
E �

5"9o;DF@7�@LA1@KS@="3M;D58ACIh9D5 C<7�>
E 4Z5�9:;DFG72I�S@P_vL7<?:A�N 9D3�P6@u=87�9o;D30��7�I�>

��������� � � � ����	����
�:	�� ��.B����$%� �:	 � � � � 	�$%���� 7 � � $%� �������
& IGI)'�9D;V7�PU3M;D5"J�I63�P6@u="5"IGq �n7�=87�P/7�I�;D9U3H@K3M?�;D5"J<S@="3M?/E@5"9D;D3�I@J&7 � 30@K3M?D;/3M?D7�9D7�=87�J&;V7�E �s5";DF ;DF@7��K?�9V;7�=87�P/7�I�; � 9 @BAC9�58;D58ACI / ����� �

�
2sE@7<;V7<?�PU5"IG7�EU?�3�I@EGACPU= '�> ��3�J�F�7�=87�P/7�I�;�5"I/;DF@7�@LA1@KS@="3M;D58ACIQ;DF�S@9�F@3�93�Ir7���S@3�=mJ�F@3�I@J&7_A�NpvL7�5"IGq/9V7�=87�J&;V7�Em>�e�7<?D;D3�5"I�E@5 #�J<S@=";D587�9 �s58;DFr9R'69V;V7�PU3M;D5"J_9D3�P6@K="5�IGqj7&iG5"9V;7D

E IG5"I@J&7�;DFG7b9D3�P6@K="7�9�3M?D7bJ&ACI@9V;D3�I�;D=(' 9R@K3�J&7�E 30@K3M?D;�;DFG7tP/7<;DF@A�E 5"9 �6S@="IG7<?�3MvK=87h;VA5@L7<?�5"A�E@5�J;V?�7�I@E@9]5"Ih;DF@72E@3M;D36>
E IG5"P6@K=87:9R'69V;V7�PU3M;D5�J]9D3�P6@K=�5"IGq/Wx5�> 7�>���ACIK=('jS@9�5"IGqHACIG7s9D;D3M?D; @LAC9D58;D58ACIBYRJ<3�IKIGA�; @@?DA��5�EG7]5"IGNcA�?�PU3 `;D5"ACI�ACIh;DF@7 �M3M?�5"3�I@J&7TvL7<;*��7<7�I�E@5MLL7<?D7�I�;�J<="SK9V;V7<?�9<> ! J<=�S@9V;V7<?:J<3�IhvL7dEG7B�uI@7�Eg3�9�;DFG7H9D3�P @K=87�93�9�9VA�J<5�3M;V7�E��s58;DFr3�J&7<?D;D3�5"I�9V;D3M?�;�@LAC9D58;D58ACI�>\]FG72PU7�3�I�3�I@E.�M3M?�5"3�I@J&7HA�Nn;DFG7�@LA1@KSK="3M;D58ACIrJ<3�IrvL7H7�9V;D5"P�3M;V7�E�3�9:NcAC="=8A�s97D

� � � � � �

\]FG7H9D5�P6@K=87T9R'�9D;V7�PU3M;D5"JH9D3�P6@u="5"IGq$� 3M?�5�3�I@J&74A�NO;DFG7H9D3�P @K=87�9o5"9:5"P6@LAC9D9�58vK=87:;VAUJ<3�="J<SK="3M;V72S@9D5"I@qjACI@= 'ACIG79@K3�9D9 � 
 	 � � vKSG;a5"I @K?�3�J&;D5"J&7g;DFG7��M3M?�5"3�IKJ&7�7�9V;D5"P�3M;VA�?�9aN�A�?Q9D5"P6@u=87U?�3�I@E@ACP$9D3�P6@u="5"IGq��d58;DFGACSG;?D77@K=�3�J&7�P/7�Ik;oPU3&'�vL7dS@9D7�E � 
 	��> � A�;V74;DF@3M;�;DFG7HJ<="S@9V;V7<?oP/7�3�Ih3�I@Eg5"I�;V7<?�I@3�= � 3M?�5�3�I@J&7QWx3�9�NcA�?%, � ,9D3�P6@u="5"IGq�Y13M?D7HS@Ikvu5"3�9V7�Eg7�9V;D5"PU3M;VA�?�9oA�NR;DFG7 @LA1@KS@="3M;D5"ACI @K3M?�3�PU7<;V7<?�9 � 
 	 �> � A�;V7H;DF@3M;:58;:5"9 @BAC9�9D58vK=87;VA47�9V;D5"PU3M;V7o;DFG7o9D3�P6@u=87TWx3�I@EQFG7�IKJ&7 @LA1@KS@=�3M;D58ACIuY �M3M?�5"3�I@J&7�vKSG;n58;O?D7���SK58?D7�9O;*��A�@K3�9D9V7�9OA�Nu9D3�P @K="5"IGq �5�> 7�>��@;:��A�E@5MLL7<?D7�Ik;]9D;D3M?D;�@LAC9D58;D58ACIK9<>
� � � � �=<	� �=<	� �54 8�<	���  �	� �7A	�;:� � 4
\]FG7QP/7�3�I[3�I@EA�M3M?�5"3�I@J&7QA�v@;D3�5�IG7�EbN�?DACPX;DF@7Q9�3�P6@K=87�94J<3�I vL7aSK9V7�Eb;VArA�v@;D3�5"IA@@?DA�vK3Mvu5"="58;D587�9];DF@3M;;DFG7rvK5"; `?�3M;V7r7&i6J&7<7�EK9UJ&7<?D;D3�5"I �M3�="SG7�9�>w\]FK5"9aqC5(��7�9U3�I 5"E@7�3tA�NT;DFG7�S @ @B7<?Q3�I@E ="A&��7<?UvLACS@I@E@9jACI;DFG7QvK58; `?�3M;V7�>4\sFG7/e:FG7<v#'6J�F@77�t5"IG7���S@3�="5";*'�5"9T5"I@EG77@L7�I@E@7�Ik;]A�N�;DFG7QS@I@EG7<?�= '�5"I@q�E@5"9V;V?�58vKSG;D58ACIhA�N�;DFG7E@3M;D3 � 4 2�� D���W ���

�
��� ���
	�� �kY 8 ��� �K;DFG7�@K?DA�vK3MvK5"=�58;*'�A�N � vL7�5"IGq6�d58;DF@5"I 	 9D;D3�I@E@3M?�EtEG77��5�3M;D58ACI@9

212�#



Nc?DACP ;DFG72P/7�3�I�5"9]=87�9D9o;DFK3�I � � >'& Np;DFG72E@5"9D;V?�58vKSG;D5"ACI�A�Np;DFG7_E@3M;D3/5�9%��I@A&�sIh;DFG7�I�3UP/A�?D723�J<J<SG?�3M;V77�9V;D5"P�3M;V7bA�Nj;DFG7H@@?DA�vK3Mvu5"="58;:'wA�Nj;DFG7[E@3M;D3w7&i6J&7<7�EK5"IGq 3 J&7<?D;D3�5"I ;DFG?D7�9DF@AC="E 5�9�@LAC9D9�58vK=87�> � 9D7bA�N;DFG7�eoFG7<v)'�J�FG77�'5"I@7���S@3�=�58;*' ?D7���S@58?D7�9j;DF@3M;a;DFG79@BA1@uS@="3M;D58ACI � 3M?�5�3�I@J&7�3�I@E P/7�3�I vL7�7�9D;D5"PU3M;V7�E 3�93�J<J<SG?�3M;V7�= 'h3�9 @LAC9D9D58vK="7�>
� � � 	 � 6 �� = � ������ � ��� = 6 �;= 3 :�� 6 ��� ��<	� �� ��� ��� ���

� 5(��7�I 3 @K3M?D;D5�J<S@="3M?h9D3�P6@K="5�IGq P/7<;DF@A�E ACIG7[J<3�I 7�9V;D5"P�3M;V7b;DF@7 PU7�3�I 3�I@E ;DFG7��M3M?�5"3�IKJ&7bA�Nj;DFG7
@LA1@KS@="3M;D5"ACI�> & I=@u3M?D;D5"J<S@="3M?gACIG7ZJ<3�I q�7�IG7<?�3M;V7'J&ACI �uEG7�IKJ&7 5�Ik;V7<?��M3�="9hNcA�?r;DFG7[P/7�3�I Nc?DACP^;DFG7 �9V;D3M;D5"9D;D5"JM>:\]FG7_="5�PU58;D3M;D58ACIhA�N ;DF@5�9sP/7<;DFGA6E�5"9s;DF@3M;s;DF@7j3+��7<?�3Mq�7avu58; `?�3M;V7j3�IKEr;DFG7j3&��7<?�3Mq�7/I�SKP_vL7<?A�NmvK5";D9�IG7<7�E@7�E�;VAQ7�I@J&A6EG7T;DFG7d9V7���SG7�I@J&7H3M?D743�="=u;DF@3M;oJ<3�I�vL7d7�9V;D5"PU3M;V7�E9�s58;DF@ACSG; �6IGA&�d=87�EGq�7TA�Nm;DFG7E@5"9D;V?�58vKSG;D5"ACI�A�Np;DFG7_E@3M;D36>\]F@7TJ<3�9V7HA�Np9D5"P6@u=87s9R'69V;V7�PU3M;D5"J49D3�P @K="5"IGqjA�NR;DFG7HE@3M;D3Q5"9o9D5�PU5"="3M?�;VAa;DF@749�58;DS@3M;D58ACI�A�NO9D3�P @K="5"IGq3QNxS@I@J&;D58ACIh3M;]9VACP/7H?�3M;V7�> � '2��S@5"9V;K@@?D7�EK5"J&;D9�;DF@3M;]58Nm;DFG729�3�P6@K="5"I@qj?�3M;V7H7&iGJ&7<7�E@9:;:�s5"J&7H;DFG72FK58qCFG7�9V;Nc?D7���S@7�I@JB'��s58;DF@5"Ih;DF@7_NxS@I@J&;D58ACI��K;DFG7_NxS@I@J&;D58ACI�J<3�I�vL7�@L7<?DNc7�J&;D=('h?D7�J&ACI@9V;V?�S@J&;V7�E�Nc?DACPl;DFG7j9D3�P @K=87�9
� 4 2��> �4IG7QJ<3�I@IGA�;TqCS@3M?�3�I�;V7<7/;DF@3M;T;DFG7jvu58; `?�3M;V7aNcS@IKJ&;D58ACIt5�9d9D3�P @K=87�E�3M;H3gF@58qCF�7�IGACSGqCFb?�3M;V7/3�I@E3�="5"3�9�5"IGq/5"9ovLACS@I@Eh;VAUA6J<J<SG?�>\]FK5"9H9V7�J&;D58ACI =8A�A1�69H3M;_;DF@7U5"9D9DSG7�92A�N�J&A�?D?�7�J&;D5"IGq�NcA�?_3�="5"3�9�5"IGqr3�I@E[7&iG3�PU5"IG7�92;DFG7U7BLL7�J&;_A�No;DFG79D3�P6@u="5"IGq�NcS@IKJ&;D58ACI@9TACIZ3�="5"3�9�5"IGqG> I�ACPU7Q9�3�P6@K="5"I@q�NxS@I@J&;D58ACIK9T3M?�76@@?DA1@LAC9V7�E 3�=8ACIGq��s58;DFbq�?�3MvKvK5"IGq9V77��7<?�3�=OJ&ACI@9V7�J<SG;D5 ��72vK58; `?�3M;V7j9D3�P6@K=87�9:3M;d3/;D5"P/7�>
�������
��� � �������� � �(� � �%�	 7 ���5� � �8< 7 � �5�:� 9 ��'� 	�� . ���$ ���	 � � � 9 ��'� 	?� �($%�5��	��\]F@5�9j30@C@K?DAC3�J�F 3M;V;V7�P6@K;D9/;VA ?D7�J&ACI@9V;V?�SKJ&;a;DF@7gvu58; `?�3M;V7hNcSKI@J&;D58ACI N�?DACP 5";D9a9�3�P6@K=87�9<> � 5(��7�Iw;DF@3M;ACIG7�J<3�IKIGA�;/7�9V;D5"PU3M;V7t;DFG7rvK3�I@EC�s5"EG;DFwA�NT;DF@5"9QNxS@I@J&;D58ACI 58;U5�9/IG7�J&7�9D9D3M?�' ;VAZ7&i @L7�J&;�3�="5"3�9�5"IGq[3�I@E3M;V;V7�P6@@;a;VA J&A�?D?D7�J&;aN�A�?Q58;<>r\]F@5"9j9V7�J&;D58ACI �K?�9V;_7&i63�PU5�IG7�9_9D3�P @K="5"IGq�5�IZ;DFG7gE@5"9DJ&?D7<;V7gEGACPU3�5"I 3�I@E;DFG7�IQEG7�9DJ&?�58vL7�9m;DFG7�7BLB7�J&;nA�NB3�="5"3�9D5"I@qs3M;n7�3�J�FQNc?D7���S@7�I@JB'23MN�;V7<? ;D30�65"IGqd;DFG7%�GACSG?�5"7<?p\O?�3�I@9VNcA�?�P-W �n\dY�>

I63�P @K="5"IGqa?D7�9DSK=8;D9:5"Ih;DFG72NcAC="=8A�s5"IGq D
� �	W � Y � � W � Y ����W � Y

� � � W � Y � ��W � Y ��� W � YIGA� ���oW � Y � �RW � Y �	�


	���

� W � � 4 �4YIGA&� � W � Y � � W � Y � �


	���

� W � �
4�� % Y ����� � % � ���

�

� � W � Y � 2
� % 


	

� W�4�� % Y � W � � 4�� % Y
212�




� �n�	W � Y � 2
� % � ��W � Y � 


	

� W�4�� % Y � W � �
4�� % Y �

�n�	W � Y � 2
� % 


	

� W�4�� % Y ��W � �
4�� % Y

3�I@E��
�


	���

� W � � 4 �4Y � �


	���

�

	
� � 	 ���

�
3�IKE �

	
� 2

� % ��� ��
� � ��

� W � Y � � � 	 � � � � �
� 2

� %3�I@E � � � �


	 ��

2
� % � � 	 ��� � � �

2
� % 


	

� W � �
4�� % Y

� 5(��7�I�3UE@5"9DJ&?�7<;V7HNcS@IKJ&;D58ACIhACIG7_J<3�ItEG7B�uIG74;DFG72NcAC="=8A�s5"IGq D#� W � Y � � W � Y ����� / 6 � 6 � �
� /
	 � � � � � ) � �IGA&� #��W � Y � � ���% � W � Y � � �� � � �
�

���


��� % � W 	 � Y � � � 	 � � � � �IGA�;V7 � � � � � � 	 � � � 4�� %#��W � Y �  �

	
��� � � ���4W�4�� % Y

�
�
�



��� % � W 	 � Y � � � 	 � � � �
� 9DS@3�="=('��]?�58;V;V7�Ir3�9 ���4W�4OY � 


�
� W 	 Y � ��� �������� ����� � % � ���

� �

F 58;DFGACSG;]=8AC9�9:A�NOq�7�I@7<?�3�="58;:' � � 229VA � ���HW	���sY � �

	
� W�4�� % Y ��W	��� � 4�� % Y\]F@7s7BLL7�J&;�A�Nm3�="5�3�9D5"IGqHACIg3�I '6@u3M?D;D5"J<S@="3M? @LAC5"Ik;�5"I/;DFG7dN�?D7� �SG7�I@JB'UE@ACPU3�5"IUJ<3�IgvL7sEG7�9DJ&?�58vL7�EU3�9NcAC="=8A&�d9�� @@?DA��5"E@7�E�;DF@7_PU3MqCI@58;DSKEG74A�NO;DFG729�3�P6@K="5"I@qjNxS@I@J&;D58ACIrE@7�J&?D7�3�9V7�9��d58;DFhN�?�7� �SG7�IKJB' D1J&ACI@9�5"EG7<?;DFG7a7BLB7�J&;HA�N�3�="5"3�9D5�IGqUACIb;DFG7 O e J&ACP @BACI@7�Ik;<>��GA�?H7�3�J�F[3�="5"3�9d;V7<?�P 3M;H9VACP/7QPjSK=8;D5(@K=87_A�N � % ;DFG73�="5"3�9�5"IGqUJ<3�I�vL7_E@7<;V7<?�PU5"IG7�E"!G;DFG7 @LAC9D58;D5 ��72PjS@=";D5(@K=87�9�A�N � % J&ACI�;V?�58vuSG;V7_IG7<qC3M;D5(��7jN�?�7� �SG7�IKJB'g;V7<?�PU93�I@EQ;DFG7]I@7<qC3M;D5(��7sPaS@=8;D5(@K="7�9OA�N� % J&ACI�;V?�58vKS@;V7 @LAC9D5";D5(��7oN�?D7� �SG7�I@JB'a;V7<?�PU9�>$# I/7�3�J�F�J<3�9V7:;DFG7s9�@K3�J<5"IGqA�N@;DFG7o3�="5"3�9p9R@L7�J&;V?�3T5"9 � % 3�IKEj;DF@7�9DJ<3�="7�Nx3�J&;VA�? A�N@;DFG7o3�="5"3�9p;V7<?�P 5"9p3sNxS@I@J&;D5"ACI_A�NK5";D9�@LAC9D58;D5"ACI_5"Ij;DFG7;V?�3�I@9DN�A�?�P A�N1;DF@7a9D3�P @K="5"IGq�NcSKI@J&;D58ACI�>&%d=�=RA�;DFG7<? @LAC9D58;D5"ACI@9s3M?D7/C<7<?DAh7&iGJ&77@@;4N�A�?4;DFG7 O e @LAC9D58;D58ACI

212+4



�sF@5�J�Fb5"9TACIG7�> � IG7QJ<3�I[9V7<7Q;DF@3M;4;DFG7QIG7&i�; @LAC9D58;D5 ��7jNc?D7� �SG7�I@JB'�3�="5�3�9D5"IGq�5�9dNcACS@I@Etv)'�9DF@58Nc;D5"IGq�;DFG7
O ef3�=�5"3�9D5"IGq�ACIG7�@LAC9D5";D58ACI[;VAb;DFG7�?�58qCFk;a3�I@EZNcA�?a;DFG7gI@7&i�;aIG7<qC3M;D5(��7hN�?�7� �SG7�IKJB'[ACIG7�;V7<?�P ;VAb;DFG7=87<Nc;<> � A�;V7�;DF@3M;j;V7<?�PU929DFK58N�;V7�E A��7<?j;DF@7�3�="=8A��7�E'?�3�IGq�7UA�NoNc?D7� �S@7�I@J<587�9HE@5"9�30@C@L7�3M?23�I@E C<7<?DAC9a3M?D75"I�;V?DA6E@S@J&7�Er3M;];DFG7230@ @@?DA1@@?�5�3M;V7H7�EGq�7�9<>

% P�3M;V?�5 i J<3�I vB7�N�A�?�PU7�EG�s5";DF 7�3�J�F ?�A&� ;DFG7b3�=�5"3�9U;V7<?�P�9�3�I@E ;DFG7b7�=87�P/7�I�;�ACI ;DFG7bPU3�5"IE@5"3Mq�ACIK3�= 9V7<;j;VAtACIG7 Wc;DFG7�7�="7�P/7�Ik;jACI';DF@7�PU3�5"I'E@5"3Mq�ACI@3�=�5"92;DFG7g3�J&;DS@3�=�S@I@3�="5"3�9D7�E � 3�=�SG7,Y�>r\]FG77�=87�P/7�I�;D9�ACI�;DFG7TPU3�5"I�E@5"3Mq�ACI@3�=u?�S@I/Nc?DACP ;DFG7dSC@C@L7<? =87<Nc;�J&A�?�IG7<?�A�Nm;DFG7TPU3M;V?�5 i/;VAa;DFG7d=8A��7<?�?�58qCF�;J&A�?�IG7<?sN�A�?s9  �S@3M?�7_PU3M;V?�5"J&7�9�>
� A�;V7_;DF@3M;:;DFK5"9:5"9]3/E@5�3Mq�ACI@3�=�PU3M;V?�5 i �@5�> 7�>��K3�=�=�IGACI6`:C<7<?DA/;V7<?�P�9]="5874ACI�3U="7<N�;:;VAU?�58qCFk;:E@5�3Mq�ACI@3�= �

�s58;DFa;DFG7:A0LrE@5"3Mq�ACIK3�=�;V7<?�PU91=87�9D9p;DF@3�IU;DFG7o;V7<?�PU9nACI/;DFG7:PU3�5�I/E@5"3Mq�ACI@3�=�>n\]FG7:PU3M;V?�5 i_;DF�S@9nN�A�?�P/7�EJ<3�IUvL7 � 3�S@9D91?�7�E@S@J&7�E�Wx9VAC= ��7�E�v)'/9VACP/7sI�S@P/7<?�5�J<3�=@P/7<;DFGA6EuYp;VA$'�587�=�EQ;DFG7sS@I@3�=�5"3�9V7�EU9R@L7�J&;V?�SKPr>$# ;PU3&'�vL7dvL7<;V;V7<?:;VA/?D7<;D3�5�IgPUA�?D74N�?D7� �SG7�I@J<5"7�9�5�I@58;D5"3�="= 'a3�I@Eh="3M;V7<?:?�7�E@S@J&74;DFG7HI�SKP_vL7<?�A�NRNc?D7� �S@7�I@J<587�9WxS@9V7�E�;VA�5"I@J&?D7�3�9D7H;DFG7_3�J<J<SG?�3�JB'hA�Nn;DFG72S @ @B7<?:Nc?D7� �SG7�I@J<587�9o7�9�@B7�J<5�3�="=('@Y�>
�������
� � � ��	 � �($%�5�,��� �%.=<�� 7 � �����\]FG7:9DFK30@B7:3�I@E��d5"EG;DFaA�Nu;DF@7o9�3�P6@K="5"I@qdNxS@I@J&;D58ACIQ3 LL7�J&; 3�="5"3�9�5"IGqTN�A�? 9�SGvK9D3�P6@u=87�EjEK3M;D36>n\���A25"9�9DSG7�93 LL7�J&;s;DFG72?�7�J&ACI@9V;V?�S@J&;D5"ACIhvB7<;:��7<7�It9D3�P6@K="7�97D
�������	��
����������������� � I65"I@J&7aIGA�@K?�58A�?Q��IGA�s=87�EGq�7aA�N1;DFG7avK3�I@EC�s5"EG;DF�A�N1;DFG7QvK58; `?�3M;V7a7&iG5"9V;D9TACIG7J<3�IKIGA�;g30@ @K=(' � '  �SK5"9V; � 9�9�3�P6@K="5"I@qb;DF@7<A�?D7�Pr> \]F@5�9U5"P6@K=�587�9Q;DF@3M;�;VA ?D7�E@S@J&7b3�="5"3�9D5�IGq[ACIG7I@7<7�E@9:;VA�PU30��7j;DFG729D3�P6@u="5"IGqQ?�3M;V7_3�9sF@58qCFr3�9�@K?�3�J&;D5"J<3MvK=87�>
��������� � �����! "�#���%$&�!
'��������� )(���*+�#����� � \]FG7 �s5"EG7<?�;DFG749D3�P6@K="5�IGq2NxS@I@J&;D58ACI�;DFG7TIK3M?D?DA&��7<?o;DFG7NxS@I@J&;D5"ACI 5�I ;DF@7bNc?D7� �SG7�I@JB' E@ACPU3�5"I��T5�> 7�>��d;DF@7 IK3M?D?DA&��7<?r;DFG7[9R@K3�J<5�IGq vB7<;:��7<7�I ;DF@7

�
, � �

@LAC5"I�;D9<>
I6S@q�q�7�9V;V7�E�9D3�P @K="5"IGqaNxS@I@J&;D58ACI@9+D

� � 
 � W � =�-KY � 2
�
-

�
6 � 6 -

�

� / A�;DFG7<?��d5"9V7
�GACSG?�5"7<?s\R?�3�I@9VNcA�?�P � � � 
 � W � =�-KY � � - � � W � -

�
Y

. W � =�-KY � � �����
�
- 6 � 6 /

� 2
� � ����� / 6 � 6/-

� / A�;DFG7<?��d5"9V7
�GACSG?�5"7<?s\R?�3�I@9VNcA�?�P � . W � =�-KY � � - � � W � -

�

� Y �
�sFG7<?�7��

E -�5"9o;DFG7��s5�EG;DFgA�Np;DF@7 � � 
 � 3�IKE . NxS@I@J&;D5"ACI@9<>
212&0



E \sFG7H?D7�J&;]NxS@I@J&;D58ACIr5�9]3Q?D7�J&;D3�IGqCS@=�3M? @KS@=�9V7UWc;VA1@tF@3M;�Y�NxS@I@J&;D5"ACI�>
E . 5"9o;DF@7_5"I�;V7<q�?�3�=�A�Np;DFG7 � � 
 � NcS@IKJ&;D58ACI�>
E � � W � Y � ����� ��>�

�

� A�;V7r;DF@3M;/;DFG7��GACSG?�587<?U\O?�3�I@9DN�A�?�P�9a3M?�7g?�7�3�=�3�IKE ;DF@7��@ACSG?�587<?U\O?�3�I@9VNcA�?�P A�N . W � =�-KYaEK587�9Q3+�o3+'Nx3�9V;V7<?H;DF@3�I ;DFG7 � � 
 � W � =�-KYsNxS@I@J&;D58ACI�> % 9D3�P6@K=�5"IGq�NxS@I@J&;D5"ACI��s5";DFb3h9DFK3M?�@L7<?d?DAC=�= `A0L �LA�?2I@3M?�?DA&��7<?
�GACSG?�587<?1\R?�3�I@9VNcA�?�P �CJ<3�IQvL7:J&ACI@9V;V?�S@J&;V7�EUv#'a5"Ik;V7<q�?�3M;D5"IGq4;DFG7:qC5(��7�I/9D3�P @K="5"IGqdNcSKI@J&;D58ACI@9<> � A�;V7:;DF@3M;;DFG72?�7�9DS@=8;D5"I@qjNxS@I@J&;D58ACIrFK3�9]3UF@58qCF@7<?]PU3MqCI@58;DS@E@7H;DF@3�IrvL7<N�A�?�723�I@E�@LAC9D9D58vK= '�F@3�9]E@5�9DJ&ACIk;D5�I�S@5";D587�9<>

# ;15"9�@LAC9D9D58vu=87�;VAjJ&?D7�3M;V7s9D3�P6@u="5"IGqTNcSKI@J&;D58ACI@9��s5";DFa9�PU3�="=87<?1PU3MqCIK58;DS@EG7�9�@K3�9D; ;DFG7
�
, � � Nc?D7� �SG7�I6`J<587�9��G5�> 7�>��@9�F@3M?�@L7<?�?�AC="=KA0L�9<> \sF@5"9�J<3�IhvB74EGACIG7Tv)'�J<3�9DJ<3�E@5�IGq �u=8;V7<?�9 �s58;DF�;DFG7 � � 
 � A�? . N�?D7� �SG7�I@JB'?D7�9R@LACI@9D7�9 �sFK5"J�FtJ&A�?D?D7�9R@LACI@E@9d;VAg;DFG7QN�AC="="A&�s5"I@q D �

	
W � Y � �

	��
 W � Y�� �

	��
 W � YsA�?47�3�J�F[IG77� �u=8;V7<?45"9;DFG74J&ACI ��AC=�SG;D58ACIhA�Nm;DFG7Q@@?D77�658ACS@9 �u=8;V7<?�;D5"P/7T?D7�9R@LACI@9D7 �s58;DFg58;D9V7�="N > \]FG7TNc?D7� �S@7�I@JB'/?D7�9R@LACI@9V745"9�;DFG7

�GACSG?�587<?s\O?�3�I@9VNcA�?�P W �n\dY�A�N �
	
W � Y�>

%T=8;V7<?�I@3M;D5 ��7�=('�;DF@7HN�AC="="A&�s5"I@qQ5�9%@LAC9D9D58vK="71D
�
	
W � Y � � W �

	��
 W � � � % Y � �

	��
 W �
	 � % YVY � �

� % W � Y � � � 
 � W � =�-KYA�? �  W � Y � . W � Y
� A�;V7 � � � � �RW � Y � � � �

2

� � �
W � Y 	 � � W / Y � W � Y

%dIKE � � � �OW � � � % Y � � � W ��Y � ��� � �
� � � � � W � Y � � 2

� �
� � � �� W � Y � � �  � � 	�� � ��W / Y � W � Y � �  � � �W�� � �� W � Y � � � �� � � 	�� � ��W / Y � W � Y � � �  � � Y �

3�IKE � � ��W / Y � W � Y � �  � � � � � ��W / Y � W � Y � � �  � �
� � � � W � Y � � 2

� �
� � � �� W � Y � W � �  � � � � � �� � � Y �

����� � ) 4 � �
2
� �
W � � � � � � � � Y

� � � �� W � Y � � � % � � W � � % Y ����� � % � -

�

� � � �� W � Y � - � � W � -� Y
� A�;V7w;DFK3M; � % J&ACSK="E vB7w3�I ' � 3�=�SG7 EG7�9�58?D7�E��_3�=";DFGACSGqCF PU3�5"I�;D3�5"I@5"I@q ;DFG7 9D3�P/7 � 3�=�SG7 ;DF@?DACSGqCF7�3�J�F 9V;D3Mq�7�?�7�9DS@=8;D9/5"I ;DF@7�9D3�P/7�Nc?D7� �SG7�I@JB'w?D7�9R@LACI@9V7r3�9�J<3�9�J<3�E@5"IGqZ3Z9D7<?�587�9QA�NQ�u=8;V7<?�9��d58;DF ;DFG7

212�




� � � � � 
 � W � =�-KY � Nc?D7� �S@7�I@JB'�?�7�9R@LACI@9V7�>
�������
��� � � � �:� 	"�8�
�'�� � 	 � ���5���� 7 � 9�� � )5��� 7 �'��:� �;��. ��
	�� �($%�5�,��� �	�
<�� 7 ��:���\]FG7�@@?D77�658ACS@9�9DSGvK9V7�J&;D5"ACI 7&iG3�PU5"IG7�E ;DFG7b7BLB7�J&;hA�N29D3�P @K="5"IGq'NcS@IKJ&;D58ACI@9UACI 3�="5�3�9D5"IGqG>�
d7<?D7b;DFG7
@@?DA�vu=87�P 5"9:J&ACI@9D5�EG7<?D7�Er5"Ih;DFG7_N�?D7� �SG7�I@JB'hEGACPU3�5�Ir3�I@E�3UP/A6E@5M�BJ<3M;D58ACI9@@?DA1@LAC9V7�E�>

# I ;DFG7�Nc?D7� �SG7�I@JB' EGACPU3�5�I 3MN�;V7<?h9DSGvG` 9�3�P6@K="5"I@q�;DFG7�3�=�5"3�9/;V7<?�PU9�A�J<J<S@?�9R@K3�J&7�E v#' � % > � IG730@C@@?�AC3�J�F2;VAd?D7�P/A��5"I@qs3�="5"3�9�;V7<?�PU9R5"9m;VAdPaS@=8;D5(@K= '];DFG7 �GACS@?�587<?O\O?�3�I@9DN�A�?�P A�N�;DF@7 9D3�P6@K=�5"IGqoNcSKI@J&;D58ACIv)'�3UNxS@I@J&;D58ACI.�d58;DF�30@C@K?DA1@@?�5"3M;V7�= 'g9R@u3�J&7�E C<7<?DAhJ&?DAC9D9D5�IGqC9<> � IG7_I@7<7�E@9s3�NcSKI@J&;D58ACIr;DF@3M; C<7<?DAC9T;DFG73�="5"3�9d;V7<?�PU9TvKS@;dIGA�;d;DFG7a9�58qCI@3�=O;V7<?�PU9<>T\]F@5"9s?D7� �SK58?D7�9d;DF@3M;d;DF@7jNxS@I@J&;D58ACI � 9 O e J&ACP6@LACIG7�Ik;4PaS@9V;vL72IGACI6`:C<7<?DAG>
E \sFG7�?D7�J&;�NcS@IKJ&;D58ACI 3�I@E NxS@I@J&;D5"ACI@9/vK3�9V7�E ACI ;DFG7t?D7�J&;UNxS@I@J&;D58ACI 3M?�7tS@I@9�S@58;D3MvK=87h9D5"IKJ&7�;DFG7
�d5"EG;DF A�N4;DFG7�NxS@I@J&;D58ACI 5"9Q;DFG7�9R@u3�J<5"IGqZA�N4;DFG7�9�3�P6@K=87�97D � � 
 � W � =�-KY � � � W � -"= �CY�> \]F@5"95�P6@K="587�9�NcA�?�C<7<?DAUJ&?DAC9D9D5�IGqC9:3M;]PjSK=8;D5(@K=87�9�A�N � % � 4�� % -"= � � 4 �bA�? - � ��� = � % � � �)�dFG7<?D7
� 5"9:;DFG729D3�P @K="5"IGq�@L7<?�58A6E�>

E %TI/3�=8;V7<?�IK3M;D5(��7:30@C@@?DAC3�J�FU5"9p;DFG7:J&AC9D5"IG7oNxS@I@J&;D58ACIm>O\]FG7oEG7�9D5"?D7�E O ewJ&ACP @BACI@7�Ik; 5"9�@@?D7�9D7<?���7�E�>\sFG7rE@5"9D3�E �M3�I�;D3Mq�7�5"9a;DF@3M;U58;/ACI@= 'Z?D7�P/A��7�9�F@3�=8NdA�Nd;DF@7h3�=�5"3�9D5"IGq 3M;�3�I#' ACI@7r;D5"P/7�> \]F@5"9?�7� �S@5"?D7�9s;DF@7QSK9V7jA�N�P/A�?D7Q;DF@3�IbACIG7/J&AC9D5"I@7j;VAr3�J�FK5877��7/q�A�A6Eb?D7�E@S@J&;D5"ACItA�N�3�="5"3�9D5"I@qG> # Ib;DFG7;D5�P/7HEGACPU3�5"IgACIG72J&ACI#��AC=(��7�9��d58;DFh9R@K3�J&7�E O 58?�3�J4EG7�=8;D3�9K�dF@5"J�Fg?D7�3�=�=('�J&A�?D?D7�9�@BACIKE�;VAU3�EKE@5"IGq;:��A 9DF@5"N�;V7�E ��7<?�9D58ACI@9�A�NT;DF@7t9D3�P6@u="5"IGq NxS@I@J&;D58ACI�> �GA�?h7�3�J�F 9D3�P6@K=�5"IGq ?�3M;V7bACIG7�IG7<7�E@9�;VA?�7�J<3�="J<S@="3M;V72;DF@7_J&ACP6@LAC9D58;V729D3�P @K="5"IGqaNxS@I@J&;D58ACI�> �@A�?s;DFG7 C<7<?DAM` J&?�AC9D9D5"IGqC9+D
� 4�� % � � = �

� � � = ��4�� %
� 4�� � % � ��� = �

� � �+= 
�4

� A�;V74;DF@3M;o7�3�J�FrJ&AC9D5�IG7dACIK=('/?D7�P/A��7�9:F@3�=8N�A�Nm;DFG7T?D7�PU3�5�I@5"IGq_3�=�5"3�9 ;V7<?�PU9<>�# NRACIG7T9D;D3M?D;D9 �s58;DF;DF@7QJ&AC9�5"IG7Q;VAh?D7�P/A&��7/;DF@7$�u?�9V;43�="5"3�9T;V7<?�P Wc;DF@5"9TACIG7/F@3�9T;DFG7/P/AC9D;T7�I@7<?Dq1'�A�N�3�="=p;DFG7/3�="5"3�9;V7<?�PU9�Y�;DFG7�Ir58;D9oJ&AC9D5�IG7HN�?�7� �SG7�IKJB'�5"9 �+= 
 �G;DFG72IG7&i6;o3�=�5"3�9o;V7<?�P-7&iG5"9V;D9:3M; � � % 3�I@Eh58;D9:J&AC9�5"IG7Nc?D7� �SG7�I@JB'�5�9 �+=� �G;DFG7HIG7&i6;:3M; 
�� % 3�IKEg5";D9�J&AC9�5"IG7TN�?D7� �SG7�I@JB'�5"9 � =)2&0 �@;DF@7TIG7&i6;:3M;�� � % 3�I@E5";D9�J&AC9�5"IG7sNc?D7� �SG7�I@JB'�5�9 �+= , � �@3�I@Eg9VAQACI�> � A�;V7H;DFG7TNc?D7� �S@7�I@JB'6@LAC9D58;D58ACI�A�NR;DFG743�="5"3�9�;V7<?�P-5"9;:�s5"J&72;DFK3M;]A�N 58;D9K@@?D7�EG7�J&7�9�9VA�?d3�I@Eh;DF@7_J&AC9D5"IG7HNc?D7� �SG7�I@JB'hEGACSGvK="7�9:3�9%��7�=�=�>
# IZ;DF@7U;D5"P/7�E@ACPU3�5"IZACI@7�J&ACI ��AC= ��7�9j;DF@7�ACSG;R@KS@;HA�N:;DFG7�9D3�P6@u="5"IGqrNxS@I@J&;D58ACI �s58;DF[;DFG7�;D5"P/7E@ACPU3�5"Ir?D77@K?D7�9V7�I�;D3M;D58ACI�A�Nn7�3�J�FtNc?D7� �S@7�I@JB'rEGACPU3�5"I�J&AC9�5"IG7�Wc;DFG7jJ&AC9D5"IG7_5�9��  �

�
� � ��� �  � � � � �� 5"I;DF@7T;D5�P/7TE@ACPU3�5"IuY�> � IG74J<3�Ig?D7<qC3M?�Eg7�3�J�F�N�?D7� �SG7�I@JB'�EGACPU3�5"IgPjSK=8;D5(@K="5�J<3M;D58ACI/v)'�3QJ&AC9D5"IG743�93�It3M?D;D5M�uJ<5�3�=BE@ACSGvK="5"I@qjA�Nn;DFG729D3�P @K="5"IGqQ?�3M;V7�>

212��



F 58;DFt;DF@5"9]30@C@K?DAC3�J�FbACIG7aPU3+'�30@ @K=('g;DFG7 @@?�77��58ACSK9sP/7<;DFGA6E��d58;DF�=87�9�9s3�="5"3�9�5"IGqU3�I@EbFGA1@L7<NcSK="=('Nx3�9V;V7<?�J&ACI#��7<?Dq�7�I@J&7 � � S@9V7:7�IGACSGqCF�J&AC9D5"IG7�9 ;VAjS@I@3�="5"3�9n;DF@7:A�?�58qC5"I@3�=G9�@B7�J&;V?�S@P 3�I@E6@@?�A�J&7<7�EU3�9 �s58;DF3U9D5"qCI@3�=�9D3�P6@K="7�Er3M;];DFG7 � '  �S@5"9D;�?�3M;V72A�?]vL7<;V;V7<?�>
�������
� � � ��� 7 <��:��:	�� � �:� � ��
	?� � $%� ��������� �5������ 7 �
	��\]FG7 @@?DA�vu=87�PU9mA�NK?D7�J&ACI@9V;V?�SKJ&;D5"IGqTvB7<;:��7<7�I/9�3�P6@K=87�9p3�I@E$@@?D7�E@5"J&;D5"ACI_A�N@;DF@7�vK5"; `?�3M;V7oN�?DACP 9V;D3M;D5"9D;D5"J<3�=J&ACI@9D5�EG7<?�3M;D58ACI@9:3M?�727&i63�P�5"IG7�E�FG7<?�7�>

E ,s7�J&ACI@9V;V?�SKJ&;D5"IGqd3d9D58qCI@3�=kN�?�ACP 3s9�SGvG` 9D3�P6@u=87�E���7<?�9D5"ACI_5"9O3];D5"P/7�J&ACI@9DS@P�5"IGq:A1@L7<?�3M;D58ACI�> � 3�J�F
�@ACSG?�587<?1J&ACP6@LACIG7�I�; A�NB;DFG7]3�="5"3�9V7�E/9�58qCI@3�=63M; 3 @K3M?D;D5�J<S@="3M?nN�?�7� �SG7�IKJB'j5"9 3H="5�IG7�3M? J&ACP_vK5�I@3M;D58ACIA�NK�GACSG?�587<?2J&ACP6@LACIG7�I�;D9HA�N�A�;DF@7<?2N�?�7� �SG7�IKJ<587�94N�?�ACPX;DFG7US@I@3�="5�3�9V7�E 9D58qCI@3�=�>a\]FG7/9R'69V;V7�PU9HA�N7� �S@3M;D58ACIK9]PU3+'rIGA�;svB729DAC=(� 3Mvu=87�>

E�� 7<?DAC5"IGq 3�="5�3�9r;V7<?�PU9r?�7� �S@5"?D7�9r3 9D3�P6@u="5"IGqwNcSKI@J&;D58ACI ;D3�5"=8A�?�7�E ;VA ;DFG7'9�3�P6@K="5"I@q ?�3M;V7w3�I@E
@L7<?DNcA�?�PU3�IKJ&7H?D7� �SK58?D7�E�>

E \sFG7jeoFG7<v)'�J�FG77�r5"IG7� �S@3�="58;:' '6587�="E@9:3�I�30@ @@?DA�iG5"PU3M;D5"ACIr;VAU;DFG7H?D7�3�= � 3�="S@7�9<>
E ��9V;D5"PU3M;D5�IGqd;DF@7�3&��7<?�3Mq�7]vK58; `?�3M;V7oE@A�7�9nIGA�;�@@?DA��5�EG7�3�I#'j5"I@N�A�?�P�3M;D58ACI_3MvLACSG;n;DFG7 @L7�30��9��sF@5�J�FI@7<7�Er;VA�vL7HJ&ACI@9D5"E@7<?D7�Er5"I��@i67�EhvK58; `?�3M;V7_J&A�E@7<?�9<>
� A�;V7H;DF@3M;o?�3�I@EGACP 9D3�P6@u="5"IGqa5"9�PUA�?D74?�58q�A�?DACS@9�;DF@3�Ih9D5"P @K=87s9R'69V;V7�PU3M;D5�JT9�3�P6@K="5"I@qj5"I�;DF@3M;o;DFG7

@LA1@KS@="3M;D5"ACI�7�9D;D5"PU3M;V7�9s3M?�727�3�9D587<?];VA�7&i�;V?�3�J&;T3�I@Er;DFG7�@LA1@KSK="3M;D58ACI9� 3M?�5"3�I@J&7_J<3�IrvL7H7&iG3�PU5"IG7�Em>\]F@7Q3MvLA��7UE@5 #�J<S@=";D587�9s5"P @K=('r;DF@3M; �K;V;D5�IGqg3rPUA�EG7�=O;VAr;DFG7/E@3M;D3���ACS@="Eb?D7�9DSK=8;T5�ItvL7<;V;V7<?�@L7<?V`NcA�?�PU3�I@J&7�@K?DA&�65"EG7�E�3Uq�A�A6E�P/A6EG7�= �K;d5"9]3�J�FK5877��7�E�>o\]FG7�@@?DA6J&7�9D9:A�N P/A6EG7�=��u;V;D5"IGqU5"9:7&iG3�PU5"I@7�E�5"IeoF@30@K;V7<? 2&,�>

212��



2�� /



� ������� � 
 ���

� � .�� ���	�	
���

� 5(��7�IbE@3M;D3�A�N19V77��7<?�3�=n5"I@E@77@B7�IKEG7�Ik;%�M3M?�5"3Mvu=87�9s3�I@E�ACIG7QEG77@L7�I@EG7�I�;�� 3M?�5"3MvK=872ACI@7jJ<3�I 3M;V;V7�P6@@;T;VA
�K;23hNxS@I@J&;D58ACI ;VA�;DFG7UE@3M;D36> % P/A6EG7�= J<3�IZvL7QvKS@5"=";TS @Z3�9j3h;V?�S@I@J<3M;V7�E'\O3&'�=8A�? � i @K3�I@9D5"ACI��L7�> qG>��
� W �  � � � � ����� � �

	
Y ��� �� � % 
 � � � >%XI�S@P_vL7<?/A�N45"9D9DS@7�9/3 LB7�J&;D5"I@q'P/A6EG7�=:J&ACI@9V;V?�SKJ&;D58ACI S@9D5�IGq ?D7<q�?D7�9D9D5"ACI 3M?D7r7&iG3�PU5"IG7�E 5�I ;DF@5"9J�FK30@@;V7<?�> �tA�E@7�= �u;V;D5"IGq/S@9D5"I@q��m7�3�9D; I  �SK3M?D7�9�!6;DFG74?D7�E@S@J&;D5"ACI�A�NpE@5"P/7�IK9D58ACI@3�="5";*'�Wc7�="5"PU5�I@3M;D5"IGqaJ&A�?V`?D7�="3M;V7�E
� 3M?�5"3MvK=87�9�YpSK9D5"IGq " ?�5"I@J<5(@K3�=@e�ACP @BACI@7�Ik; %TI@3�=('69D5"9���7�="=@3�9�E@58?D7�J&; 7�="5�PU5"I@3M;D58ACIQA�N�J&A�?D?�7�="3M;V7�E

�M3M?�5"3MvK=87�9�!�77�M3�="S@3M;D5�IGq/;DFG7 �K;:A�Nn3/P/A6EG7�=�S@9D5"I@qa;V?�3�E@58;D58ACIh9V;D3M;D5"9D;D5"J<3�=�;V7�J�FKI@5  �SG7�9�!@J&?DAC9D9V` � 3�="5�E@3M;D58ACI3�I@Er;DF@7 � 3�J��)�6I@58Nc7_3M?D7H7&iG3�PU5"IG7�E�>
��� ��� � �� ������ ��� �_0�������������! � �"� �$#&%&�	� �����
\]FG7�P/7<;DFGA6E_A�N'�R7�3�9V;�I  �S@3M?D7�9p3M;V;V7�P6@@;D9O;VA4PU5"I@5"P�5"9V7n;DFG7�PU7�3�I_A�NG;DFG7�EG77�65"3M;D58ACI@9RA�NG;DFG7 @@?�7�E@5"J&;V7�EWxP/A6EG7�="=87�EBY�?D7�9�S@=8;D9ON�?DACP ;DFG7:3�J&;DS@3�=KE@3M;D36>�# N@ACI@7oFK3�9 9VACP/7:P/A6EG7�=)�s58;DFaJ&A�7)(�J<5"7�Ik;D9��+* % � *  �-,-,-,� */. �;DFG7�IrACI@7_J<3�I�3M;V;V7�P6@@;d;VA�9VAC=(��7_N�A�?];DF@72J&A�7)(�J<5"7�Ik;D9T3�9:NcAC="=8A&�d97D

0 � W21 ��3
 � � % * �5476 Y � � � /

8 0 � W21 � � 3� � % * �5476 Y � �8 *:9 � 0 � �GW21 � 3
 � � % * � 476 Y 4<; �I@A&� 0 � 476 � � 2= >
?�� % � � ?8 0 � W21 � � 3� � % * � 476 Y � �8 *:9 �
�= >
?�� % � ? � � ? � �= 3
 � � % >
?�� % * � � � ? � 9 ?

� /

>
?�� % � ? � � ? � 3
� � % >
?�� % * � � � ? � 9 ?
2�� 2



# NoACIG7�J&?D7�3M;V7�9Q3�PU3M;V?�5 i � �d58;DF[;DFG7�J&AC=�S@PUI ��7�J&;VA�?�9j;DFG7�;V7<?�PU9 476 ;DFG7�I � 3� � % � >?�� % � � ? � 9 ?3�P/ACS@I�;D9];VA�3UPU3M;V?�5 ihPjSK=8;D5(@K="5�J<3M;D58ACI � � � �K5�> 7�>(D
1 � � *

� � 1 � � � � * �
�sFG7<?�7 0 � , � 5"9�;DFG7T7&i)@L7�J&;V7�E9�M3�="SG7sA1@L7<?�3M;VA�? �63�IKE 1[5"9�;DFG74E@3M;D3_;VAavL7TPUA�EG7�=�=87�E�> � A�;V74;DF@3M; � � �5"9T3�9  �S@3M?�7aPU3M;V?�5 i�3�I@Eb7� �SK3M;D58ACI52&,�> 2/J<3�IbvL7j9DAC=(��7�Ebv#' � 3�S@9D9T?D7�E@S@J&;D5"ACI�A�?HPU3M;V?�58i�5"I ��7<?�9D58ACI�>
� A�;V7_;DF@3M;]NcA�? * % � � % 5�9:36��7�J&;VA�?dA�N%2�� 9<>
��� ��� � �10 ��������������	� �
 � ��������	� �� ��
\]FG7_?D7�E@S@J&;D58ACI�A�Np;DF@7jI�S@P_vL7<?]A�N��M3M?�5"3MvK="7�9]5"Ir;DFG7aE@3M;D3�="7�3�E@9:;VA�3�J&A�?D?D7�9R@LACI@EK5"IGq/9D5"P6@u="5M�uJ<3M;D58ACIA�N ;DF@7QI�S@PjvL7<?dA�N�;V7<?�PU945"It;DFG7/P/A�E@7�=�> � 5(��7�I ;DFG7<?D7/3M?D7/3h="3M?Dq�7QI�S@P_vL7<?4A�N1;V7<?�P�9H58N ACIG7/F@3�9H39V7�J&ACI@E�A�?dF@58qCF@7<?:A�?�EG7<?]P/A6EG7�= �GACIG72J<3�It3M;V;V7�P6@@;];VA�?D7�E@S@J&72;DF@72I�S@PjvL7<?:A�NpJ&?�AC9D9 ` @@?DA6E@S@J&;:;V7<?�PU9Wc7�> qG>�� � � � 9,Y�v)'g?D7�E@S@J<5"I@qa;DF@72I�S@PjvL7<?:A�N�� 3M?�5�3MvK=87�9��G9D5"IKJ&7 0 � � � � 9 � �=/ NcA�?]A�?D;DF@A�q�ACI@3�= �M3M?�5"3MvK="7�9<>

E�� 3M?�5"3MvK=87�9Q�sF@5�J�F�J&A�?�?D7�="3M;V7��������pvB7j?D7�P/A��7�E A�;DFG7<?��s5"9D7j;DFG7QP/A6EG7�=pJ&A�7)(�J<5"7�Ik;D9HJ<3�I@I@A�;TvL7q�7�I@7<?�3M;V7�E�>o\]FG7H?�3�I �gA�N � � � 5"9:="7�9D9:;DF@3�Ir;DF@7_I�SKP_vL7<?]A�N�� 3M?�5"3MvK=87�9�� �dF@5"J�Fr5�P6@K="587�9 � 3�SK9D9
,s7�E@S@J&;D58ACI�Nc3�5"=�9<>

E�� 3M?�5"3MvK=87�9%�dF@5"J�Fr3M?�7_3U="5"I@7�3M?oJ&ACPjvK5"IK3M;D58ACIrA�NnA�;DFG7<?��M3M?�5"3MvK="7�9:PjS@9D;:vB7H?�7�P/A&��7�E�>
\]F@?D7<72P/7<;DFGA6E@9:7&iG5"9V;:;VA6�BI@Er3UJ&A�?D?D7�=�3M;D58ACIrvL7<;*��7<7�I��M3M?�5"3MvK="7�97D
2M>	�1i63�P�5"IG7T;DFG7H9DJ<3M;V;V7<?�@K=8A�;D9oA�NO7�3�J�F��M3M?�5"3MvK="7T3MqC3�5"IK9V;�;DF@7TA�;DF@7<?�9:3�I@Egv#'�77'�729V7<7H58N�;DFG7<?D7H5"9o3=�5"IG7�3M?:A�?]A�;DFG7<?d?D7�="3M;D58ACIK9DF@5(@m>
��>	�1i63�P�5"IG7_;DF@7jJ&A�?D?D7�=�3M;D58ACItJ&A�7)(�J<587�I�;<>d\sFG7jJ&A�?D?�7�="3M;D58ACI�J&A�7)(�J<587�I�;45"9s7�9�@B7�J<5�3�="=('9��S@=�IG7<?�3MvK=87;VA�ACSG;D="587<?�9�> % F@5"qCFr3MvK9VAC="SG;V7��M3�="SG725�I@E@5"J<3M;V7�9:3U=�5"IG7�3M?:?D7�="3M;D5"ACI@9DF@5(@hvL7<;*��7<7�I�;DF@72E@3M;D36>\sFG72J&A�?D?D7�="3M;D5"ACI�J&A�7)(gJ<587�Ik;aW��6Yo5"9]N�ACS@IKEr3�9]NcAC="=8A&�d97D

� �
* 	�� ����� ��� * � W 476 � 4<; Y

� ����� ��� * � W 476 Y�� � ����� ��� * � W 4<; Y3�I@E * 	�� ����� ��� * � W 4 � 1nY � 3
 � � % W 476 �! �CY&W21 6 �	 #" Y3�I@E � ����� ��� * � W 4 Y � * 	�� ����� ��� * � W 4 � 4 Y
\sFG72="5"PU5";D9�ACI�;DFG7_J&A�?D?D7�=�3M;D58ACI�J&A�7)(�J<587�I�;s3M?D7

�
2%$&�'$ 20D

2�� �



E e:3�9V7 476 � 4<; ;DFG7�I�58;]J<3�IrvL729DF@A&�sI#� � 2M>
E e:3�9V7 476 � � 4<; ;DFG7�I�58;]J<3�I�vB729�FGA&�sI�� � �

2M>
,�>	�1i63�P�5"IG7b;DFG7[J&A�?D?D7�="3M;D58ACI J&A�7)(�J<587�I�;hA�N_;DFG7 9DS@9R@L7�J&;9� 3M?�5"3MvK=87�9��d3�I@E 58NH;DFG7H� 3�=�SG7b5�9�=8A�7&iG3�PU5"I@7[;DFG7'9DJ<3M;V;V7<?�@u=8A�;�;VA 9D7<7'58N_;DF@7<?D7'3M?D7'=�3M?Dq�7[ACSG;D="587<?�9<> # Na;DFG7<?D7Z5�9r;DFG7Z9DS@9�@K5"J<58ACI;DFK3M;:;DFG74ACSG;D="587<?,Wx9 Y1J&ACI�;V?�58vKS@;V7T9D5"qCI@5M�uJ<3�I�;D=('/;VA/;DFG7H=8A� J&A�?D?D7�="3M;D58ACIhJ&A�7)(�J<587�I�;��G?D7�P/A��72;DFG7ACS@;D="587<?,Wx9�Y�3�IKEr?D7�J<3�="J<S@=�3M;V72;DFG72J&A�?D?D7�=�3M;D58ACI�J&A�7)(�J<587�I�;<>
� S@;D="587<?�9o5"Ihq�7�IG7<?�3�=R5"I@EK5"J<3M;V74;DFG72NcAC="=8A&�d5"IGq D
2M> %TIr7<?D?�A�?s5"Ih;DFG7_EK3M;D3 �@7�58;DFG7<?s5�Ih;DFG7_J&AC="=87�J&;D5"ACIrA�?]7�I�;V7<?�5"IGq/A�Nn;DFG72E@3M;D36>
��>QI6ACP/72?D7�="3M;D5"ACI@9DF@5(@gvL7<;*��7<7�I�;DFG7 � 3M?�5�3MvK=87�9:S@IG7&i @K="3�5�IG7�Egv#'g;DFG72P/A6EG7�=�>
,�>s\OA�AUN�77� 9D3�P6@K=87�9���7<?D7H;D30��7�Ib3�I@Er;DF@72P/A�E@7�=�5"9]5"I@3�E@7� �S@3M;V7�>
� S@;D="587<?�9oJ<3�I�vL72F@3�IKE@=87�Eh5"Ih;*��A�vu3�9D5"J �o3+'697D
2M> # qCIGA�?D7_;DFG7�P 3�I@E�J&ACI�;D5"I�SG7_3�9]5"NOACIG725�9]J&7<?D;D3�5"IrA�Np;DFG7_J&A�?�?D7�J&;DIG7�9D9sA�Np;DF@72E@3M;D36>
��> ,s7�P/A&��7j;DFG72ACSG;D=�587<?�9:3�I@E�J&ACI�;D5"I�SG7�>
% P/A�?D7/9V7<?�58ACSK9 @@?�A�vK=87�P 5"9T;DFG7aJ&A�?�?D7�="3M;D58ACI A�N 39�M3M?�5"3MvK="7$�s5";DFt3h="5"I@7�3M?TJ&ACPjvK5"I@3M;D5"ACItA�N�;DFG7A�;DFG7<? � 3M?�5"3MvK=87�9<> \]F@7]ACI@=('��o3+'U;VA$�uI@EU9�S@J�Fg3��M3M?�5"3MvK="7s5"91;VAQ3M;V;V7�P6@@;�;VA$�K;�3j="5"IG7�3M?�J&ACP_vK5�I@3M;D58ACIA�N �M3M?�5"3MvK="7�9 ;VA/3Q9DS@9R@L7�J&; � 3M?�5�3MvK=87d3�IKEg5"N�;DFG7 �u;�5"9�q�A�A�E[Wx3aq�A�A6EhJ&A�?D?D7�="3M;D5"ACIgJ&A�7)(�J<587�I�;ovL7<;*��7<7�I;DFG7]9DSK9R@L7�J&; �M3M?�5"3MvK="7�3�I@EQ;DF@7]="5"IG7�3M?nJ&ACP_vu5"I@3M;D58ACIuYR;DFG7�IQ;DF@7]9DS@9R@L7�J&;�� 3M?�5"3MvK=87o9DFGACS@=�E_vL7o?D7�P/A��7�E�>
I�7�J&;D5"ACI 2&,�> 0b7&iG3�PU5"I@7�9 " ?�5"I@J<5 @K3�=�e�ACP @BACI@7�Ik;D9 %dIK3�=('�9�5"9 �dF@5"J�FwJ<3�I vL7�7BLL7�J&;D5(��7�=(' S@9V7�E ;VA?D7�E@SKJ&7oEK5"P/7�I@9D5"ACI@3�="58;:'43�IKEjq�7�I@7<?�3M;V7]A�?D;DFGA�q�ACIK3�= � 3M?�5�3MvK=87�9:WcA�?D;DFGA�q�ACI@3�= �M3M?�5"3Mvu=87�9n5"P6@K=('2I@A4J&?�AC9D9 `

@@?DA6E@S@J&;o;V7<?�P�9��@7�> qG>�� � � � 9	Y�>
��� � � ��� � �/�	� ������ ��<	���	� ��� ��� �20����
� IG7hJ<3�I 77�M3�="S@3M;V7h;DFG79�K;aA�Nd3 P/A6EG7�= v)' J&A�?�?D7�="3M;D5"IGqb;DFG7��M3�="SG7�9 @@?D7�E@5�J&;V7�E'v)'Z;DFG7rP/A6EG7�=o3�I@E;DFG7aA�?�58qC5"IK3�= �M3�="SG7�9<> % q�A�A6E P/A�E@7�= �s5"=�=mF@3+��7/3gF@58qCF�@BAC9�58;D5(��7jJ&A�?�?D7�="3M;D58ACIbJ&ACI@9V;D3�I�;UWx3gI@7<qC3M;D5(��7
�M3�="SG7_5"IKE@5"J<3M;V7�9]3�I�7<?D?DA�? Y�> % 9DJ<3M;V;V7<?�@u=8A�;sA�N ;DFG7 @@?D7�E@5"J&;V7�E���9<>o;DFG7j3�J&;DS@3�=��M3�="SG7�9d9DFGACS@=�Er9DFGA&� 3="5"I@7�3M?H?D7�="3M;D58ACI@9�F@5(@m> � SG;D="587<?�9T5�I@E@5"J<3M;V7U3M?D7�3�9 �sFG7<?D7Q;DFG7�P/A�E@7�= EGA�7�9_IGA�;�@@?D7�E@5�J&;Q��7�="=13�IKE[PU3+'5"I@EK5"J<3M;V7/7�58;DFG7<?2;VA�A�Nc77� 9D3�P @K=87�9H;D30��7�I Wx3�I@E @L7<?�F@30@u9H3�I'5"I@30@ @@?DA1@@?�5�3M;V7QPUA�EG7�=cY]A�?a3�IZ7<?D?�A�?_5"I7�I�;V7<?�5"IGq ;DFG7�E@3M;D36> %TI 'w;V?D7�I@EK9/5"Iw;DFG7r;D5"P/7hA�?�9V7� �SG7�I@J&7.@u=8A�;QA�Ns;DFG7r?D7�9�5"E@S@3�="9hWxE@5MLL7<?D7�I@J&7rA�N;DFG7hP/A6EG7�= @K?D7�E@5"J&;V7�E5� 3�=�SG7�9j3�IKE ;DF@7g3�J&;DS@3�= �M3�="SG7�9�Y_5"I@EK5"J<3M;V7�9_;DF@7gP/A6EG7�=�5"9a5"I@3�EG7� �S@3M;V7�> \]FG7?D7�9D5�E@S@3�="9o9DFGACSK="EgvB7H?�3�I@EGACPU=('gE@5"9V;V?�58vKSG;V7�E��s58;DF��<7<?DAgP/7�3�I�>e�ACI �uEG7�I@J&745"I�;V7<?�� 3�=�9�ACIh;DF@72P/A�E@7�=uJ&A�7)(�J<587�I�;%@@?DA��5"E@7T9VACPU725"IGNcA�?�PU3M;D58ACI�ACIh;DFG74?DA�vKS@9D;DIG7�9D9A�Nn;DFG72P/A6EG7�=�>

2��+,



����������� �	��
��������������� ������� ����������� ����
���!��"�#���%$&�'!(
)�*�,+-�.�*���/����� �0�1�2����
)�e�ACI �BEG7�I@J&7d5�Ik;V7<?��M3�="9�N�A�?�;DFG74P/A6EG7�=uJ&A�7)(�J<587�I�;D9o5"I@E@5�J<3M;V7s;DFG745"PUPaS@I@58;:'QA�Nm;DFG74P/A�E@7�=K;VAQIGAC5"9V7T5"I;DFG7_EK3M;D36> \]FG7�@@?�A�J&7�E@S@?D7H5"9:3�9]NcAC="=8A�s97D
2M> " ?DA&��7j;DF@3M;];DFG7H7�9D;D5"PU3M;V7�9]A�Nn;DFG72J&A�7)(�J<587�I�;D9T3M?D72S@I�vK5"3�9V7�E�>
��> O 7<;V7<?�P�5"IG72;DFG7��M3M?�5"3�IKJ&7�9:A�Nn;DFG7_J&A�7)(�J<587�I�;D9<>
,�> % @C@K= '5I�;DS@EG7�I�; � 9��4WxE@7�9DJ&?�58vL7�E'=�3M;V7<?U5"I';DFK5"9j9D7�J&;D58ACIuY_;V7�9V;/3�I@E EG7<;V7<?�PU5�IG7�;DFG7rJ&ACI �BEG7�I@J&75�Ik;V7<?��M3�="9aACIw;DFG7rJ&A�7)(gJ<587�Ik;<>w\]F@5"9j3�="9VA ;V7�9V;D9��sF@7<;DFG7<?Q;DFG7rJ&A�7)(�J<5"7�Ik;/5"9 �<7<?DA[A�?/IGA�;<> %

@LA�;V7�I�;D5"3�="=(' �<7<?DAbWcA�?d9DPU3�="=�Y�J&A�7)(�J<587�I�;dJ&ACS@=�EhvB7H?�7�P/A&��7�E�>
\]FK5"9s9DS@vK9V7�J&;D58ACItEG7�P/ACI@9V;V?�3M;V7�9d;DFK3M;d;DFG7QP/A6EG7�=RJ&A�7)(�J<587�I�;D943M?D7QS@Ikvu5"3�9V7�E�3�IKEt3�P/7<;DFGA6E�NcA�?J<3�="J<S@=�3M;D5"IGqh;DFG76�M3M?�5"3�I@J&7�@L7<?2J&A�7)(gJ<587�Ik;<>�eo3�=�J<S@="3M;D58ACIbA�N�;DFG7/3�J&;DS@3�=1J&ACI �uE@7�I@J&7U5"I�;V7<?�� 3�=�9TSK9D5"IGq

I�;DS@E@7�Ik;D9 �L;V7�9D;d3�I@Eh;DFG7�%dI@3�= '�9D5�9oA�N � 3M?�5�3�I@J&7�W�% � � � %HY%� 9D;D3M;D5"9V;D5"JH5"9:E@7�P/ACI@9V;V?�3M;V7�Em>
����� 
��#3 �  * � �54'* � � � ��$�� �#� (���6���� $&�73\]F@5�9O5"P @K="587�9O;DFG7o7&i)@L7�J&;V7�E��M3�="SG7oA�NK;DF@7�7�9D;D5"PU3M;V7:A�NK;DF@7]J&A�7)(�J<5"7�Ik;15"9p;DFG7:3�J&;DS@3�=GJ&A�7)(�J<587�I�; �M3�="SG7�>\]FG7_7&i)@L7�J&;V7�E�� 3�="S@7�9s3M?D7aJ&ACI@E@58;D58ACIK3�=�ACI�;DFG7jA�vK9V7<?���7�E�� 3�=�SG7�9]A�N ;DFG7aP/7�3�9DSG?�7�P/7�Ik;D9sA�N�8a3�I@E:9M>\]FG7H7�9D;D5"PU3M;V7�E�PUA�EG7�=�J&A�7)(�J<587�I�;D9s3M?�7 � D

0 � � � 1 � � 0 � � � � * �0 � � � 1 � � 0 � � � � � �
/ � � � � 0 � * � � �

� 0 � * � � 0 � � �
* � 0 �� �

; $ �#��
'���#����� �����=<�� �����!��* � $ �� �#����
'�#3��  * � �>4 * ��� � �#$\]F@5�9:J<3�IrvL72EGACIG7Hv)'g9VAC= ��5"I@qa;DF@72N�AC=�=8A&�s5�IGq/="5"IG7�3M?:7� �S@3M;D58ACIND
� � 1 � � � � *
� � 1 � � � � �

� ��� � /�� � � ��� � � � � * � � � � � �
/ � � ��� � 1 �@? � � � � � �
/ � � ��� � 1 � � ����� � ? � � ����� � � � � � �
/ � � ��� � 1 � � ����� � ? � � � � � ����� � � �� � � ����� � � � � � ��� � 1 � � ����� � ? �

2��BA



� � �
������
�

� ����� � ��� ����� � � �>>>
� ����� � . �

�	�����

 �

������
�

� ����� � �� � ������� ? ��� ����� � � � � ������� ? � �>>>
� ����� � . � � ������� ? . �

�	�����



� � �
������
�

� ����� �  �� ����� � � �>>>
� ����� � . �

� �����

 �

������
�

� ����� � � � ������� ? �� ����� � � � ������� ? �>>>
� ����� � � � ������� ? �

� �����



F FG7<?D7 �������
? � 5"9n;DFG7��M3M?�5"3�IKJ&7:A�Nu;DFG7]EK5MLB7<?�7�I@J&7:vL7<;*��7<7�IU;DFG7]P/A6EG7�=G3�I@EU;DFG7]3�J&;DS@3�= � � 3�=�SG7�9��3�I@E ������� � � 5"9o;DF@7�� 3M?�5"3�I@J&7HA�Np;DFG7_EG77@L7�I@EG7�I�;K� 3M?�5"3MvK=87�>

�	�#( 3 � � �� $�� ��� $ �\]FG7 �LE@5"9D;V?�58vKSG;D5"ACItW @@?DA�vu3MvK5"="58;:'UEG7�I@9D5";*'�NxS@I@J&;D5"ACIuY15�9�3�I�30@C@@?DA	i65"P�3M;D58ACIg;VA/;DFG72IGA�?�PU3�=LE@5�9V;V?�58vKSG`;D58ACI � ,�
 �>
� 5 ��7�I�IGA�?�PU3�=�=('�E@5�9V;V?�58vKS@;V7�E�E@3M;D3UACIG7_J<3�I�7�9D;D5"PU3M;V72;DFG72J&ACI �uEG7�I@J&7_5�Ik;V7<?��M3�="9:3�9sN�AC="="A&�s97D
2M> %TE��DS@9V;:;DFG72EK5"9V;V?�58vuSG;D58ACI�A�Np;DF@72P/7�3�I@9:A�Nn;DFG7_EK3M;D3/;VA �<7<?DA�PU7�3�I�3�I@E�S@IK58;K� 3M?�5�3�I@J&71D� � � �������� . >
��> �@A�?�3H@K3M?D;D5"J<SK="3M?aJ&ACI �uEG7�I@J&7ZW�2 /1/ W�2 ��� Y��UYjACIG7rJ<3�I �uI@E 3b?�3�IGq�7rA�N � 3�="S@7�9��s58;DF ;DF@3M;J&ACI �uEG7�I@J&72A�N �uI@EK5"IGqa;DFG72?D7�3�=N�M3�="SG7��d58;DF@5"I�;DFG72?�3�I@q�7�>

E \sFG7�@@?DA�vK3Mvu5"="58;:'UA�Nn;DFG7�� 3�=�SG7HvL7�5"IGqQACSG;D9D5"E@7H;DFG7H?�3�IGq�7_5�9 � A�?&D��W
� � � � � $ � $ � � � � Y � 2

�!� >
E IGSGvK9V;D58;DS@;D5"IGq �_3�I@Er9D5"P @K="58N '�5�IGqj=87�3�EK9o;VA D
��W "

�!� � � � �� . $$# $ " 	 � � � � �� . Y � 2
�!� >

E \sF@5"9:5"P6@u="587�9�;DFG72NcAC="=8A&�d5"IGq/J&ACI �uEG7�IKJ&725"Ik;V7<? � 3�= DW �
�!� � � � �� . � � 	 � � � � �� . Y�>

,�>&%
�
J<3�I�vL747�9V;D5"P�3M;V7�E�v)''%

� �
��( .

�
*)+ � �sFG7<?D7-,j5"9o;DFG727�9D;D5"PU3M;V72A�Np;DFG7��M3M?�5"3�I@J&7�>

AG>s\sFG7 O 7<q�?D7<7�91A�N��G?D7<7�EGACP A�Nu;DF@7 � ` 9V;D3M;D5"9V;D5�J:5"9n;DFG7]I�S@P_vL7<? A�NL5"I@EG77@L7�I@E@7�Ik;pA�vK9V7<?��M3M;D58ACI@9 =87�9D9;DF@7_I�SKP_vL7<?:A�Np?D7�9V;V?�5"J&;D5"ACI@9<>
4�> � 3�=�SG7�9�A�N.% � WcA�? � � Y1J<3�IgvL7sNcACS@I@E�v#'�=8A�A1�65"IGqjS @�;DF@7 �M3�="SG7�9�5"I�3�Ig30@C@@?�A1@@?�5"3M;V7d;D3MvK=87���7�> qG>��;D3Mvu=87:A�NRe�?�58;D5"J<3�= � 3�="S@7�9 A�N � � ,�
 �> # ;15"9�@LAC9D9�58vK=87�;VA2J<3�="J<S@="3M;V7s;DFG7 �GE@5"9V;V?�58vKSG;D58ACIjNcA�? 9R@L7�J<5M�K7�EE@7<q�?D7<7�91A�NBN�?�7<7�EGACPf3�I@EUF@7�I@J&7:;DFG7%�M3�="SG7�9 A�N/%

� � � NcA�? �sFK5"J�FQ;DFG7]3M?�7�3�W @@?DA�vK3Mvu5"="58;:'GYmvL7<;*��7<7�I
	 % � � � 3�I@E � % � � � 5�9o;DFG7_EG7�9D5"?D7�E�@@?DA�vK3Mvu5"="58;:'�2

�!� >
2��14



0�> # ;49DFGACS@="E�vB7aIGA�;V7�Et;DF@3M;d;DFK5"9s5"9 � 3�=�5"E�NcA�?TI@A�?�PU3�="=('hE@5"9D;V?�58vKSG;V7�E�P/7�3�I@9QWxS@9DS@3�="= '��M3�="5"E��u9V7<7;DF@7ae�7�I�;V?�3�= �R5�PU58;:\]FG7<A�?D7�P � ,�
�cYo3�I@E�3/=�3M?Dq�727�IGACSGqCF�9D3�P6@K=87H9V7<;<>
� A&�-5"I[q�7�IG7<?�3�= � 5�9_IGA�;$��IGA�sI'3�IKEZ3�I SKIkvK5�3�9V7�E[7�9V;D5"P�3M;VA�?j5"97D , � � ������ (�� � � � ) �.

�


3�I@E';DFG7P/7�3�I'A�N�;DFG7�9D3�P6@K=87�9_5"9H3�I'S@I�vK5"3�9D7�E 7�9V;D5"PU3M;VA�?jA�N�;DFG7
@BA1@uS@="3M;D58ACI P/7�3�I�>g\]FG7UE@5�9V;V?�58vKS@;D58ACI�A�N
� � � ���� � . 5"9/3 �:EK5"9V;V?�58vuSG;D58ACI5�s58;DF �

�
2�EG7<q�?D7<7�9/A�N4Nc?D7<7�EGACPr> � A�;V7�;DF@3M;�;DFG7	�]E@5"9D;V?�58vKSG;D5"ACI30@C@@?�AC3�J�FG7�9s;DFG7_IGA�?�P�3�=mE@5"9V;V?�58vKSG;D58ACIK9 NcA�?s="3M?Dq�7j9D3�P6@K=8729�5 �<7�9 � ,�
�>�\]FG7 �mEK5"9V;V?�58vuSG;D58ACIg9DFGACS@="EhvL7S@9V7�E[5�I@9V;V7�3�E A�N�;DFG7UIGA�?�PU3�= EK5"9V;V?�58vuSG;D58ACI�5�IbJ<3�=�J<S@="3M;D5"IGqrJ&ACI �BEG7�I@J&7U5"I�;V7<?��M3�="9H9D5"I@J&7/58;H3M;V;V7�P6@K;D9;VA�J&ACP6@L7�I@9�3M;V72N�A�?dIGACI6` IGA�?�P�3�=�E@5"9V;V?�5"vKSG;D58ACI@9�>

� �������* ���#����� �� � �#(�3 � � �� $ � ��� $ �"�#��� $ �#��
'���#�������#��� $������ �	��* �!��* � �� �
 �#3 �  	 � �54'* ��� � ��$\]FG7�;V7�9V; 9V;D3M;D5"9D;D5"Jo5"9 %<W � Y � � � �
(�� � ������� � ��� ��� ������� � ����� � �� � )

! � � ���  "�#� �%$ �'& � ��� ���(�)� � ����� � �( � �1�+*-,(./, �1032)4 *-,65-,(78.�,(, 2�98:": ./,(,;5 9=<
> *-,(.�, �

�
	@? � 0A4 * � 032)4 *-,CBED <GF ,(. 98:H98FH2 ,(.��JI 4�039 B 2 I8B@5 	 032)4 *-,CBED <KF ,(. 98:ML�9 ,)( L(0 ,;B 4�2(N I 0 B L , 4 *-,

4 , 2O4 ,�P-I <�0 B@, 2 �+*-, 4 *-,(. 9 .QB 984 I�@HIR. 4�03L D@S3IR. L�9 ,)( L(0 ,;B 4T032 �(,(. 9 � 4 *-,C, 2O4�03< I 4 ,;5 <�9 5-,;S L�9 ,)( L(0 ,;B 4T032
�(,(. 9-NVU *-, � 2O4 I 4�0	2O4�03LW032+L I8S L DHS3I 4 ,;5A� 0A4 * > � � ������� � ��� ��� �E���)� � ����� � �( � ? � / I8B@5 4 *@, @@. 98F I FH0 S 0A4 '
98:�98F@4 I 0 B 0 B-7 % $ � �! � � ���  "�#� �O$ �'& � ��� ������� � ����� � �� � 032 5-, 4 ,(. <�0 B-,;5 N # :)4 *-,�@@. 98F I FH0 S 0A4 ' 032 78./,;I 4 ,(.
4 *@I8BX,�P)@M, L�4 ,;5 4 *-,;B 4 *-,+, 2O4�0	< I 4 ,;5 <�9 5-,;S L�9 ,)( L(0 ,;B 46L I8B@B 984QF , �(,(. 9-NYU *@,+,�P @Z, L�4 ,;5�@@. 98F I FH0 S 0A4 '
032 5-, 4 ,(. <�0 B-,;5 : . 9=<[4 *-, L�9 B �"5@,;B L , 0 B 4 ,(. �JI8S > 2 /1/ > 2 � � ? � ? 2 ,;SA, L�4 ,;5 F , :\9 ./,;*@I8B@5]I8B@5 032 *-,;B L ,� N # : � , % �  � % �_^ % �W` � � �A� � � � � ��� � � ����a�� � � � ��� % ` 4 *-,;BH� 034 * 2 /1/Kb � 2/0 7=B 0 � L I8B L , 4 *-, L�9 ,)( L(0 ,;B 4
032 B 984�2�0 7=B 0 � L I8B 4 I8B@5 L I8B F , 0 7=B 9 ./,;5�� 0�N , N � 4 *@, L�9 ,)( L(0 ,;B 4�L I8B@B 984�F ,9� 0A4 * 0 B 4 *-, 2 /1/ > 2 � � ?
L�9 B �"5@,;B L , 0 B 4 ,(.��JI8S N

c �������* ���#����� �! �#��� c ���! 1 $���$ �! ed � � ���!��* ��f chgji d clknm $ ������� $&�#��*%��� ��� $ � �#��� $#� � ���\�po
* �!��* � �! e
 �#3��  * � �>4 * ��� � �#$

U * 0	2e0	2 , 2�2 ,;B 4�0 I8S3S('q* ')@ 984 *-, 2 , 2V4 , 2O4�0 B-7 � 4 , 2O4�0 B-7 4 *-,�*#'#@ 984 *-, 2 , 214 *@I 4 I.@HIR. 4�03L D@S3IR. L�9 ,)( L(0 ,;B 4G032
�(,(. 9�9 . 4 , 2O4�0 B-7�rs*-, 4 *-,(.+I8S3S 4 *@, L�9 ,)( L(0 ,;B 4�2 IR.�, �(,(. 9-NQU *-, % � � � %ut 2O4 I 4�0	2O4�03Lv032 D

w �
= � == � 0

= � = � � � >-x� � � � ? �yXw =
= � 0 � � � > � � � x� � ? �

yXw 0
> O ,(78./,(, 2+98:�: .�,(,;5 9=<{z|9 5@,;S ? yXw&= � 2

> O ,(78.�,(, 2s98:�: ./,(,;5 9=< �Y./. 9 . ? yhw 0 � ���
2

> O ,(78./,(, 2+98:�: .�,(,;5 9=<{Up984 I8S ? yhw � � yXw = 	 yhw 0
U *-,Kt 2O4 I 4�032O4�0	L14 , 2O4�2e4 *-,W*�})@ 984 *-, 2�032 *  � * � � ,-,-, � */. � /XN # :�9 B-, 98:�4 *-, z|9 5@,;S L�9 ,)( L(0 ,;B 4�2
032 B 9 B-~ �(,(. 9�4 *-,;B 9 B@,1r 9 DHS35�,�P)@M, L�4 = � = � = � 0 N � B-,�@@. 9�L ,(,;5 2 I 2�:\9 S3S 9 r 2 D

2��+0



E � I8S L D@S3I 4 ,+t N�U *-,+5-,(78.�,(, 2T98:M: .�,(,;5 9=< 98:M4 *-,+B D < ,(./I 4O9 .QI8B@5�5-,;B 9=<�0 B@I 4O9 .TIR./,$2�I8B@5 � �
�

./, 2 @M, L�4�0�� ,;SA}��@r+*@,(.�, � 0	264 *-,GB D <GF ,(. 98:�2 I < @"SA, 2(N

E U *-,1IR.�,;I�D@BH5-,(. 4 *-, 4 I 0 S 98:)4 *-,15 032�4 . 0AF D 4�039 B 98: w > 2 � � �
� ? I FM9�� , 4 *@,1t � I8S3D-,v./,7@@.�, 2 ,;B 4�2

4 *@, 2�0 7=B 0��"L I8B L ,vSA, � ,;S N
� 984 , 4 *HI 4T4 *-,�� 2O4 I 4�0	2O4�03L+0	2 .�,;S	I 4 ,;5 4O9W4 *-,st 2O4 I 4�032O4�03L I 2 :\9 S3S 9 r 2 D w > 2 � � ? � % > � ? � � , � � N I 0 B L , 4 *-,
t 2O4 I 4�0	2O4�03L+0	2TL I8S L D@S	I 4 ,;5XD 2/0 B-7 4 *-, z I � I8B@5 z I z 0A4 032 2�03< @"SA,(. 4O9WL I8S L D@S3I 4 , 4 *HI8B 4 *-, � 2O4 I 4�0	2O4�03L
I8B@5 0	264 *ED 2 .�, L�9=<�< ,;B@5@,;5 :\9 . L�9 B � 5-,;B L , 0 B 4 ,(. � I8S L I8S L DHS3I 4�0A9 B 2(N

�����	� #�
 
� ��������� � ��� ��� ��
�� ��� 
����
� . 9=2/2 ~ � I8S 0 5@I 4�0A9 B < ,;I 2 D-./, 2X4 *@,A@H.�,;5 03L�4�0A9 B�,(.�. 9 . 98:G4 *@, <�9 5-,;SeD@B@5@,(. L�9 B 2/0 5-,(./I 4�0A9 B N I 03< @HSA,
� . 9=2/2 ~ � I8S 0 5@I 4�0A9 B 5 0���0 5-, 2W4 *-,|I � I 0 S3I F SA, 5@I 4 I 0 B 4O9j4 r 9 2 , 4�2(N � B-, 2 , 4�032 D 2 ,;5 4O9 78,;B-,(./I 4 , 4 *-,
<�9 5-,;SvI8B@5 4 *-, 2 , L�9 B@5 2 , 4 > 4 *-, 4 , 2�4l2 , 4 ? D 2 ,;5 4O9 , � I8S3DHI 4 , 4 *-, �H4 98:W4 *-, <�9 5-,;S � A! �� � �#"&0 � N
$ 2 D@I8S3SA} 4 *-, 4 , 2�4 I8B@5 78,;B-,(./I 4�0A9 B 2 , 4�2 IR.�,1,� D@I8S 0 B 2�0 �(, NCU *-,�%M,(. :'9 . < I8B L , 98:�4 *-, <�9 5-,;S 9 B 4 *-,
4 , 2O4e2 , 4s032 S 0�& ,;SA} 4O9 F , 2�0	<�0 S3IR. 4O9 4 *@,'%M,(. :'9 . < I8B L , 98:�4 *-, <�9 5@,;S :\9 .eIR. FH0A4 .#IR.�} � I8S3D-,;5 � IR. 0 I F SA, 2
D 2 DHI8S3SA}�,;B L�9 DHB 4 ,(.�,;5 0 B(%@./I L�4�0	L , N

) 9 D F S3, L . 9=2�2 ~ � I8S 0 5@I 4�0A9 B 0 B �89 S � , 2 D 2/0 B-7X5HI 4 I 5 0#* ,(.�,;B 4V: . 9=< 4 *-,�5@I 4 I D 2 ,;5 4O9 78,;B-,(.#I 4 , 4 *-,
L�9 ,)( L(0 ,;B 4�2C98:p4 *@, <�9 5@,;S,+ I8BH5 5 0#* ,(.�,;B 46: . 9=< 4 *-,15@I 4 I�D 2 ,;5 4O9 , 2O4�03< I 4 , 4 *@, 4 }-%Z, > :'9 . < ? 98:)4 *-,
<�9 5-,;S > , N 7 N +"S 9 7=IR. 0A4 * <�0	L + 4 ./D@B L I 4 ,;5 U I;}�S 9 . 2 ,(. 0 , 2 +-, 4�L ? N

U *@,v.�,(78.�, 2�2�039 B <�9 5-,;S 2 78,;B-,(./I 4 ,;5|IR.�, 4 , 2O4 ,;5|D 2�0 B@7n5 9 D F SA, L . 9=2�2 ~ � I8S 0 5@I 4�0A9 B N

�����/. 0 � �1�2� � �3� 
4���
5 0A4 * 0 B I8S3Sv5HI 4 I 2 , 4�2 ,;I L * < ,;I 2 D-.�, < ,;B 4 > 5@I 4 I6% 9=0 B 4 ? 032 %M,(. 4 D-. F ,;5 F } B 9=032 , N � � ,(.O~ �"4O4�0 B-7
0 B �89 S � , 27�H4O4�0 B-7 I <�9 5-,;S+r+* 03L *�I 4O4 , < % 4�2�4O9 %@.�,;5 03L�4�4 *-,qB 9=032 , L�9=< % 9 B-,;B 4h98:14 *-,]5@I 4 I�8#"&0:9 N
� SA,;IR.#SA} 2 D L *hI <�9 5-,;S 032 B 984 S 0�& ,;SA} 4O9 %Z,(. :\9 . < rQ,;S3S 9 B�I 4 , 2O4C2 , 462�0 B L , 0A46032Q03< % 9=2�2�0AF SA, 4O9 5@,(. 0�� ,
I�5-, 4 ,(. <�0 B 032�4�03Ls<�9 5-,;S :'9 .;%@. 98F I FH0 S 0	2O4�03L 5HI 4 I > 0�N , N +HB 9=0	2 , ? N

�����=< >�?@�A�B� �C��DFEG�H
4���A
�� � �F�I� 
�J���@�1� � �LKM� � � �&�N
 �POQER��KTS

U * 0	2X2 , L�4�039 B�%@.�, 2 ,;B 4�2h4 *-, 4 *-, 9 .�} 98:VU � %W8YXZ"[9	+V8YX\X]9 N U *-,^%@. 9�L , 2�2h98:�U � % 032 , 2�2 ,;B 4�0 I8S	SA}�I
%@. 9 �O, L�4�0A9 B 98: ,;I L * 2 , 4698: 98F"2 ,(. � I 4�0A9 B 2 > 98: 5 0�* ,(.�,;B 4_� IR. 0 I F SA, 2 ? 9 B 4O9 I 2 , 4698:p9 . 4 * 9 7 9 B@I8S � , L�4O9 . 2;N
U * 0	2 %@. 9�L , 2�2 5-, L�9 .�.�,;S	I 4 , 2 ,;I L * � IR. 0 I F SA, N

� 0`� ,;B I 2 , 4W98:  � IR. 0 I F S3, 2 r 0A4 * � 98FH2 ,(. � I 4�039 B 2G9 B ,;I L * � IR. 0 I F S3,XIR.�./I8B@78,;5 0 B < I 4 . 0 PFaV+
0A41032 D 2 D@I8S 4O9]L I8S L D@S3I 4 , 4 *@, U . 0 B L(0 %HI8S � 9=< % 9 B-,;B 4�2v: . 9=< 4 *-, L�9�� IR. 0 I8B L , < I 4 . 0 P 4 * 9 D-7=* 984 *-,(.
< , 4 * 9 5 2 ,�P 032O4(N

U *@,b%@. 9�L , 2�2�032 I 2+:\9 S3S 9 r 2dc
"eX!f



" N � .�,;I 4 , < I 4 . 0 P � � " �  �
+�r+*-,(./,+,;I L *h. 9 r 98:  �

*@I 2 I 2 ,;SA, < ,;B 4�2Q4 *-, < ,;I8B 2T98: ,;I L * 98:
4 *@, L�9 S3D < B � , L�4O9 . 2+98: " > 0�N , N + : . 9=< ,;I L * ,;S3, < ,;B 4C98: I L�9 S3D < B � , L�4O9 . 2 D F@4 .#I L�4Q4 *@, < ,;I8B
98:�4 *-, L�9 S	D < B � , L�4O9 . ? N

X N � .�,;I 4 , 4 *@, L�9Q� IR. 0 I8B L , < I 4 . 0 P > 5 03< ,;B 2�0A9 B 2 B�P�B ? 98: %'+ r+*-,(./, * � 9 � 0 � >�� � � � � ?�>�� 9 � � 9 ? � N
U *-, L�9�� IR. 0 I8B L , < I 4 . 0 P >��G? 0	264 *-,;B � � � N

, N�� P 4 .#I L�4G4 *-, �T0 78,;B � I8S	D-, 2 I8B@5 �T0 78,;B � , L�4O9 . 2K: . 9=< 4 *-, L�9Q� IR. 0 I8B L , < I 4 . 0 P N
	s984 , 4 *@I 4K4 *-,
� 0 78,;B � , L�4O9 . 2+98: I 2  D@IR.�, 2 } <�< , 4 . 03Lv< I 4 . 0 P�IR.�, 9 . 4 * 9 7 9 B@I8S18YX �\9 N

� N��9 . 4s4 *@, �T0 78,;B � , L�4O9 . 2v0 B 9 ./5-,(. 98: 5-, L ./,;I 2�0 B-7 �T0 78,;B � I8S	D-, 2 I8BH5|IR.�.#I8B-78, 4 *@, � 0 78,;B � , L�4O9 . 2
I 2+4 *-, L�9 S3D < B � , L�4O9 . 2�98:�< I 4 . 0 P % N

� N+U ./I8B 2�:\9 . < a F }�� � > " �  �
? � > 4 *-, 0 B � ,(. 2 , 4 ./I8B 2O:'9 . < 032 " � � � � 	  �

? N�	s984 , 4 *@I 4
4 *@, < I 4 . 0 P 98:��T0 78,;B � , L�4O9 . 2v0	2+9 . 4 * 9 B 9 . < I8S_8YX �:9 c � �

� � � � NVU *-, L�9 S	D < B 2+98: �{IR.�, 4 *-,
U . 0 B L(0 %HI8S � 9=< % 9 B-,;B 4�2(NYU *-, � IR. 0 I8B L , 98:�4 *-, U . 0 B L(0 %HI8S � 9=< % 9 B-,;B 4�2 IR.�, c

� � � > " �  �
?�� �

� � � � � IR. 0 I F SA, 2 D FH2O4�0A4 D 4�039 B
������� � � � � 0 � > � � � ?�� �

� 0 � >�� � � � � ?�> � � � ? �
� ������� � � � > � � � ?�� �
� � � � ��� �
� � � ��� � � �
� � �

rs*-,(.�, � � IR.�, 4 *-,X, 0 78,;B � I8S3D-, 2198: � � � I8B@5 � � IR.�, 4 *@,�, 0 78,;B � , L�4O9 . 2W98: � � � NXU *ED 214O984 I8S
� IR. 0 I8B L , �! 

.� � �"� � N
0 N� ,;SA, L�4�0 B-7 4 *@,$# �T0 78,;B � , L�4O9 . 2 I 2�2O9�L(0 I 4 ,;5 r 0A4 * 4 *-,|S3IR.�78, 2O4 # �T0 78,;B � , L�4O9 . 2 I L(L�9 D@B 4�2 :'9 .

 ������&% �
 ������&% � 98:�4 *-, 4O984 I8S � IR. 0 I8B L , N�U * 032 I8S3S 9 r 2+9 B-, 4O9 D 2 ,KI 2 D FH2 , 4�98:�4 *-, 4O984 I8S � 0 78,;B � , L�4O9 . 2I � I 0 S3I F SA,b%@. 9���0 5-,;5 4 *-,(}�,�PZ%HS3I 0 Bh,;B 9 D-7=* 98:)4 *@, � IR. 0 I8B L , N

������' >�?@�)( � �+*�*'� 
�D��

5 *-,;B <�9 5-,;S3S 0 B@7K5@I 4 I 032C0	2 D 2 D@I8S 4O9 I]% %HS3} L . 9=2�2 ~ � I8S 0 5HI 4�0A9 B N � . 9=2�2 ~ � I8S 0 5@I 4�0A9 B 0 B �89 S � , 2 5 0���0 5 0 B@7
4 *-,15@I 4 I 0 B 4O9 I 4 .#I 0 B 0 B-7 2 , 4 > r+* 03L * 032 D 2 ,;5 4O9�L .�,;I 4 , 4 *@, <�9 5@,;S ? I8B@5 I � I8S 0 5@I 4�0A9 B 2 , 4 > D 2 ,;5 4O9
4 , 2O4s4 *-, �H4+98:)4 *@, <�9 5-,;S ? N 5 *-,;B 4O9E9 S 0A4O4 SA,15HI 4 I�,�P 032O4�2C4 *-,;B 9 B-,K5 9 , 2 B 984 *@I � , 2 D ( L(0 ,;B 4 5@I 4 I
, 0A4 *-,(. 4O9 4 , 2O4G9 .K78,;B-,(./I 4 , 4 *-, <�9 5-,;S N�U *@,-,=I L�&-& B 0A: , I8S3S 9 r 2v9 B-, 4O9 D 2 , <�9=2O4G98:Q4 *@, 5@I 4 I :'9 .

"eX/.



78,;B-,(./I 4�0 B-7 4 *@, <�9 5-,;SQI8B@5 4 *@,;B , 2O4�0	< I 4 , 4 *@, < ,;I8B I8B@5 L�9 B � 5-,;B L , 0 B 4 ,(. � I8S 21:'9 .W,;I L * <�9 5-,;S
L�9 ,)( L(0 ,;B 4(N

U *@, ,�I L�&-& B 0A: ,'8#"�f:9	+ 8 �:9@78,;B-,(.#I 4 , 2 I 2 ,(. 0 , 2�98:Z<�9 5-,;S 2�F } 0 B 4 D-./Bn.�, <�9Q� 0 B-7 9 B-, > 9 . <�9 ./, ? 5@I 4 I
% 9=0 B 4�2p: . 9=<u4 *-,�5HI 4 I 2 , 4�4O9v:\9 . <u4 *-, <�9 5-,;S 78,;B-,(./I 4�0A9 B 2 , 4(N � 2 ,(. 0 , 2�98:M<�9 5-,;S 2�032 78,;B-,(./I 4 ,;5XI8B@5
*-,;B L , 2 I < %HS3, 2�98:�4 *-, < ,;I8B|I8BH5 � IR. 0 I8B L , 98: ,;I L * L�9 ,)( L(0 ,;B 4 I8B@5 4 *-,G,(.�. 9 .+78,;B-,(./I 4 ,;5 N � SA,;IR./S3}
9 B-, L I8B 4 *-,;B 78,;B-,(./I 4 , L�9 B � 5-,;B L , 0 B 4 ,(. � I8S 26:\9 . 4 *@, <�9 5-,;S I8B@5 ,(.�. 9 . N� :+9 B-,�.�, <�9�� , 2 <�9 .�, 4 *@I8B 9 B-, 5@I 4 I^% 9=0 B 4 %M,(. <�9 5-,;S 4 *-,;B 4 *-, B D <GF ,(. 98:s<�9 5-,;S 2K4O9jF ,
78,;B-,(./I 4 ,;5|IR.�, c �

�
#�� �

���
> � � # ? � # �

r+*-,(./,�# 032C4 *-,1B D <KF ,(. 98: 5@I 4 I % 9=0 B 4�2 .�, <�9�� ,;5 : . 9=<{4 *-,15@I 4 I 2 , 4 %Z,(. <�9 5-,;S 78,;B-,(./I 4 ,;5 N
U *@, 2�0	< %HSA, 2O4e<�9 5-,;S 0	2s4 *@,��OSA,;I � , 9 D 4e9 B-,
	F8 �Q9 <�9 5-,;S rs*-,(.�, 9 B@SA} 9 B-,�5@I 4 D < %M,(. � IR. 0 I F SA,

032 .�, <�9�� ,;5jI 4 I 4�03< , > 9 . 9 B-,W. 9 r 0A:�4 *-,n5@I 4 I 032 IR.�./I8B-78,;5]I 2VL�9 S3D < B � , L�4O9 . 2v0 B < I 4 . 0 P :'9 . < ? N
	s984 , 4 *@I 4 I]% %HS3} 0 B@7 U � � I8S3S 9 r 2V9 B-, 4O9 L I8S L DHS3I 4 , 4 *-, � IR. 0 I8B L , 2 5 0 .�, L�4 SA} r 034 * 9 D 4 .�, : ,(./,;B L , 4O9
I8BE} 984 *@,(. � IR. 0 I F SA, 2(N

� 4 . 03L�4 SA} 2 %M,;I & 0 B-7 4 *-,hI FZ9Q� , 0	2 D 2 DHI8S3SA}q5-, 2�L . 0AF ,;5 I 2 I :\9 . < 98:�L . 9=2�2 ~ � I8S 0 5HI 4�0A9 B 8#"�f]9 N U *-,
,=I L�& & B 0A: , 032 D 2 D@I8S	SA} I]% %HS 0 ,;5 4O9 %HIR./I < , 4 ,(.v, 2O4�03< I 4�0A9 BjI8BH5|, 2�4�03< I 4�0 B-7 4 *-, 2O4 I8BH5@IR./5q5-, ��0 I 4�0A9 B
98:�4 *-,b%HIR./I < , 4 ,(.sI 2 5@, 2�L . 0AF ,;5�I FM9�� , > , N 7 N +Z, 2O4�03< I 4�0 B-7 4 *-,v,(.�. 9 . 98: I < ,;5 0 I8B ? N

U *@,W, 2�4�03< I 4 , 98:T4 *@, � IR. 0 I8B L , 0	2 5@, � B-,;5qI 2V:\9 S	S 9 r 2 > r 034 * � .�,d%@.�, 2 ,;B 4�0 B-7 4 *-, L�9 ,)( L(0 ,;B 4v9 .
, 2O4�03< I 4 , 4O9�F ,�,=I L�& & B 0A: ,;5 ? c "

� > � � " ?
.�
���� >�� � � � ?� , <�9���0 B-7 9 B-,15HI 4 D < I 4 � SA,;I85 2C4O9�c

� ( � ) � � � � � �
� � " �

"
� � "

�
���� 9 � 9

r+*-,(./, � ( � ) 032C4 *-,�,�I L�&-& B 03: ,;5 , 2�4�03< I 4 , 98:�4 *-, < ,;I8B N
	s9 r 4 *-,GI � ,(.#IR78, 98:)4 *-,1.�, <�9�� ,;5l5HI 4 I 032dc

� (�� ) � �
�
� ( � )� � �

I8B@5 �����
 ?)? . ���
� � � � "

�
.� � ��� > � ( � ) � � (�� ) ?

8#"�fQ9 N
U * D 2K4 *-, 4 *-, L�9 ,)( L(0 ,;B 4@� I8S3D-, 032K4 I & ,;B I 2 � I8B@5 4 *-, � IR. 0 I8B L , 98:�4 *-, L�9 ,)( L(0 ,;B 4@� I8S3D-, 032�����
 ?)? . ����� N

"eX �



������� #�� 
 
 � � �

U * 0	2WL *@I]% 4 ,(. L�9Q� ,(. 2 2�9=< , 98:s4 *@, 032�2 D-, 2n0 B �89 S � ,;5 0 B �"4O4�0 B-7jI <�9 5-,;S N U *-, 032�2 D-, 2 .�,;S	I 4�0 B-7 4O9
78,;B-,(./I 4�0 B-7 L�9 B � 5-,;B L , 0 B 4 ,(. � I8S 2 r ,(.�,q,�P-I <�0 B-,;5 N � 4 r6I 2 2 * 9 rsB 4 *HI 4h4 *@, <�9 5-,;S L�9 ,)( L(0 ,;B 4�2
IR.�,lDHB FH0 I 2 ,;5 N z , 4 * 9 5 2�:'9 .�78,;B-,(./I 4�0 B@7 4 *-, <�9 5-,;S L�9 ,)( L(0 ,;B 4 L�9 B � 5-,;B L , 0 B 4 ,(. � I8S 2 D 2/0 B-7 4 *-,� 	�� � � t 2O4 I 4�032O4�03L I8B@5 4 *-, ��~ 2�4 I 4�032O4�03L rQ,(.�,v,�P�I < 0 B-,;5 N�U *-, %@. 9 L , 2�2Q98:)<�9 5@,;S � I8S 0 5HI 4�0A9 BXD 2�0 B-7
L . 9=2�2 � I8S 0 5@I 4�039 BGI8B@5 4 *-, ,=I L�& & B 0A: , 0	2 ,�P-I <�0 B-,;5 NpU *-,QD 2 , 98:@4 *-, U . 0 B L(0 %HI8S � 9=< % 9 B-,;B 4�2 � B@I8SA} 2�032
:'9 .+5-, L�9 .�.�,;S	I 4�0 B-7 � IR. 0 I F SA, 2 I8BH5 *-,;B L , 2�0	< %HS 0A: } 0 B-7 4 *@, <�9 5@,;S3S 0 B-7V%@. 9�L , 2�2 + 0	2 5 032�L D 2/2 ,;5 N

U *@,v.�, 2 D@S 4�2698:�4 *-, <�9 5-,;S �"4O4�0 B-7 %@. 9�L , 2�2�0	2�2 D <�< IR. 032 ,;5 0 B � *HI]% 4 ,(.'" � N

"��] 



� �������	��
 ��

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

!$� �&%'��()� 
*�+� ,&� �-�"
��/. ����� 
���� � ��!

� 9=< , � IR. 0 I F SA, 2 rQ,(.�, < ,;I 2 D-.�,;5 9 B 4 *@, 2 I < %HS3,;5l5@I 4 I < ,;I 2 D-.�,;5 9 B 4 *@, : .#I < , 2+4 *@, <�2 ,;S � , 2 I8B@5
9 B 4 *-,K, � ,;BqI8B@5 9 5@5 � ,;S	5 2dc6< ,;I8B|I8BH5 � IR. 0 I8B L , 98:�4 *-, <�984�0A9 B � , L�4O9 . 2 + < ,;I8BqI8B@5 � IR. 0 I8B L , 98:
4 *-,G5 0#* ,(./,;B L , 03< IR78,GI8B@5 4 *-,1I FH2O9 S3D 4 , � I8S3D@, 2C98:�4 *-,15 0#* ,(.�,;B L , 03< IR78, N

U rQ,;B 4 }E~ �3� , : ./I < , 2 rQ,(.�,1,�P 4 ./I L�4 ,;5]I 4 ,;I L * 98:p4 *@, 2 , L�9 B@5�+ �H:\4 *H+ , 0 7=* 4 *�+H,;SA, � ,;B 4 *|I8B@5 :'9 D-.O~
4 ,(,;B 4 * 2 , L�9 BH5 2 > 4 * 0	2G03212 } 2O4 , < I 4�03L 2 I < %HS 0 B-7 ? 98:64 *-, :\9 S3S 9 r 0 B@7 ��0 5-, 9|2 ,10ED@,;B L , 2dc � B 0	< I 4�0A9 BH"]+� B 03< I 4�0A9 B2X-+=t@I 2O4 t 0 S < + � } L S 0 B-7�+32 9 P 0 B-7�+ � . 9=2/2 � 9 D@B 4 .�}\+ � 9�L(L ,(.e+ 	s9=032 } 	 ,(r 2 "]+ 	+9=032 } 	 ,(r 2 X-+
	s9=032 } 	 ,(r 2 �-+ U I8S &�0 B-754s,;I85 2 + � t-,(r#6 9 9 5 z ,;B�+ � 7 9 S 0 + ��L . 9 S3S 0 B-7�+ � ./I_r+S 2 +�t�S 9 r ,(.76VIR./5-,;BXI8B@5
) 032�L � NYU *@, : ./I < , 2 rQ,(.�,�78./I F@F ,;5�D 2�0 B-7vI8B � U � a � z : ./I < ,(78./I FHF ,(. L IR./5 9 BXI8B � 2 z L�9=< %"I 4�0AF SA,
U � > U ,(. 2O9 B@I8S � 9=< %"D 4 ,(. ? N ) D-, 4O9 *HIR./5-r6IR.�,KS 0	<�0A4 I 4�0A9 B 2�9 B 4 *@, L IR./5]I 78./,(} 2�L I8S3, F S 9 L�& 98: �Z"eX
F } �Z"eX % 0 P�,;S 260 B 4 *-, L ,;B 4 .�, 98:)4 *-, : ./I < ,vrQ,(.�,178.#I F@F ,;5 N

U r 9nFH0A4 ~�./I 4 , 2 rQ,(.�,V78,;B-,(./I 4 ,;5 :'9 .C,;I L * 2 ,10 D-,;B L ,vI 464 *-, :'9 S3S 9 r 0 B-7 2 D F �O, L�4�0�� ,80 D@I8S 034 }�I 2�2 , 2/2 ~
< ,;B 4 SA, � ,;S 2ec ,�P L ,;S3S3,;B 4 I8BH5 I L(L ,d% 4 I F SA, > 9 .+7 9 9 5 ? N

U *@, < , 4 * 9 5 2+98: 78,;B-,(./I 4�0 B-7 4 *-,G.#I;ru5@I 4 IXIR./,G,�P-I <�0 B-,;5|I8B@5 4 *-,W5@I 4 I 0A4�2 ,;S :�2 * 9 r+B N�z � U ~� � 2 r6I 2 D 2 ,;5 4O9 %HS 984 I8BH5 78,;B-,(.#I 4 , 4 *@,X.�, 2 D@S 4�2 r 0A4 * L�9 B � 5-,;B L , 0 B 4 ,(. � I8S 2 78,;B-,(.#I 4 ,;5 :'9 . ���
,(.�. 9 . N

t 0 . 2�4 SA} 4 *-, 98F �O, L�4�0�� , � IR. 0 I F SA, 2K< ,;I 2 D-.�,;5 r ,(./,X,�P-I <�0 B-,;5 4O9 ./, <�9�� ,h.�,;5@D@BH5@I8B 4'� IR. 0 I F SA, 2 +
B-,�P 4 S 0 B-,;IR.�I8BH5 4 *-,;B90 D@I85-./I 4�0	LV: D@B L�4�0A9 B 2 r ,(./, �H4O4 ,;5 4O9 4 *-,15@I 4 I�I8B@5 4 *-,b%@.�,;5 0	L�4�0A9 B I L(L D-./I L }
98:W4 *-, 2 , <�9 5-,;S 2 ,�P-I <�0 B@,;5 N t 0 B@I8S3SA} 4 *-, L�9 B � 5@,;B L , 0 B 4 ,(. � I8S 2�98:W4 *@, <�9 5@,;S L�9 ,)( L(0 ,;B 4�2 IR.�,
78,;B-,(./I 4 ,;5 N

�A�V��� :M�1�@�A� ��� 
���� � ?@� � �*; � ��� �

U * 0	2 2 , L�4�0A9 BW5-, 2�L . 03F , 2M4 *@,1%HIR./I < , 4 ,(. 2p< ,;I 2 D-.�,;5 9 B 4 *-, 4 , 2O4p2 ,10ED-,;B L , 2(N)U *-, FH0A4 ~�.#I 4 , 2 78,;B-,(.#I 4 ,;5
rQ,(.�, :'9 . L�9 S 9 D-. 2 ,10ED@,;B L , 2eF D 4+4 *@, 98F �O, L�4�0�� , � IR. 0 I F SA, 2 r ,(.�,W,�P 4 ./I L�4 ,;5 : . 9=< 78.�,(} 2�L I8SA, � ,(. 2/0A9 B 2
98:64 *-, 2 I < , 03< IR78, 2vF , L I8D 2 , 98: *@IR.#5-rQIR./,�S 03<�0A4 I 4�039 B 2(NnU * 032v032 B 984 I 2 78.�,;I 4 I S 03<�034 I 4�0A9 BqI 210A4

"��Z"



2 ,(, <�2 2�0 B L , 4 *@, 4sD < I8B � 032 D@I8S � } 2O4 , < 032�<�9 .�, 2 ,;B 2�0A4�0�� , 4O9 78.�,(} 2�L I8SA, 2 %"I 4�0 I8S : .�,10ED@,;B L } L�9 B 4 ,;B 4
4 *@I8B L�9 S 9 D@. 2 %HI 4�0 I8S : .�,10ED@,;B L } L�9 B 4 ,;B 4 8YX��:9 NWU *-, FH0A4 ~�./I 4 , 2 rQ,(.�,�78,;B-,(./I 4 ,;5 F }]I � P ,;5 F"0A4 ~�./I 4 ,
z U�� 6e~ X�,;B L�9 5-,(. NKU *-, < ,;I8B I8B@5 � IR. 0 I8B L , 98: 4 *-, 9 . 0 7 0 BHI8S : ./I < , 2 I8BH5 � ,;S35 2 r ,(./,�,�P 4 ./I L�4 ,;5 N
U *-, < ,;I8B I8B@5 � IR. 0 I8B L , 98:Q4 *-, <�984�039 B � , L�4O9 . 2 I8B@5 4 *-, 5 0�* ,(.�,;B L , F , 4 r ,(,;B 4 *-, F , 2O4 ~ �H4vF S 9�L�&
I8B@5 4 *-, 9 . 0 7 0 B@I8S 2 ,;IR. L * F S 9�L�& IR.�, :\9 DHB@5 N�U *-, <�984�0A9 B � , L�4O9 . 2 IR.�, L I8S L D@S	I 4 ,;5 9 B FM984 * � ,;S35�I8B@5
: ./I < , 2 D 2�0 B@7 4 *-, U *-./,(, � 4 ,d% � ,;IR. L * > 2 ,(, � , L�4�039 B � N "�f ? 9 Bq, 0 7=* 4VF } , 0 7=* 4v2 ,;IR. L * F S 9�L�&�2(NvU *-,
B D <GF ,(. 98: B 9 B�~ �(,(. 9 <�984�0A9 B � , L�4O9 . 2 IR.�, L�9 D@B 4 ,;5 N�U *-, : ./I < , 2 I8B@5 � ,;S	5 2 IR.�, ,;5-78,l5@, 4 , L�4 ,;5
D 2�0 B-7 4 *-, ��98F ,;ST,;5-78,X5@, 4 , L�4O9 .�I8B@5 4 *-, < ,;I8B I8B@5 � IR. 0 I8B L , 98:C4 *-, ,;5@78,h5-, 4 , L�4 ,;5 : ./I < , 2 I8B@5
� ,;S35 2 ,�P 4 ./I L�4 ,;5 N U *-, : ,;I 4 D-.�, 2 r ,(.�, L * 9=2 ,;B :\9 . 4 *-, :'9 S3S 9 r 0 B-7n.�,;I 2O9 B 2ec

� 2 984 * � ,;S35 2 I8B@5 : ./I < , 2 r ,(./,G,�P-I <�0 B-,;5 4O9h2 ,(, 0A:�< ,;I 2 D-./, < ,;B 4�2s9 B 9 B@,GrQ,(.�, F , 4O4 ,(. 4 *@I8B
9 B 4 *-, 984 *-,(. N

� U *-, � IR. 0 I8B L , 98:�4 *-, : ./I < ,�� � ,;S35vIR./,TI8B 0 B@5 03L I 4O9 . 98:�4 *-, : ./,10ED-,;B L } L�9 B 4 ,;B 4p98:�4 *-, : .#I < ,�� � ,;S35 N
� U *-, < ,;I8B 98:v4 *-, : .#I < ,�� � ,;S35 L�9 B 4 I 0 B 2X<�9 ./,|,;B-,(./78} 4 *@I8B I8BE} 98:14 *-, 984 *-,(. : .�,10 D-,;B L }
L�9=< % 9 B@,;B 4�2(N

� U *-, < ,;I8B 98:Y4 *-,WSA,;B-7 4 * 98:�4 *-, <�984�0A9 B � , L�4O9 . 2v032 I8B 0 B@5 0	L I 4O9 . 98:Y4 *-,WI <�9 D@B 4s98:Y<�984�0A9 B
0 B 2�0 5-, 4 *-, : ./I < ,�� � ,;S35 N

� U *-, � IR. 0 I8B L , 98:-4 *-, <�984�0A9 B � , L�4O9 . 2�032 I8B 0 B@5 03L I 4O9 . 98:-4 *-,Q5-,(78.�,(,6I8B@5WD@B 0A:'9 . <�0A4 } 98:@<�984�0A9 B
r 0A4 * 0 B 4 *-, : ./I < ,�� � ,;S35 N

� U *-,�BED <GF ,(. 98: B 9 B�~ �(,(. 9l<�984�039 B � , L�4O9 . 2K0	2 I8B 984 *-,(. 0 BH5 03L I 4O9 . 98:Q4 *-,�I <�9 D@B 4v98:Q<�984�0A9 B
r 0A4 * 0 B 4 *-, : ./I < ,�� � ,;S35 N

� U *-, < ,;I8B|I8B@5 � IR. 0 I8B L , 98:�4 *-,1,;5-78,W5-, 4 , L�4 ,;5 : ./I < , 2 � � ,;S35 2 , 2O4�03< I 4 , 4 *-,G* 0 7=* : .�,10 D-,;B L }
L�9 B 4 ,;B 4s98:)4 *-, 03< IR78, 2(N

U *@,15@I 4 I 032C2 D <�< IR. 032 ,;5 0 B U I F SA, 2 " � N "]+ " � N X I8B@5F" � N � N

�A�V��� � � 
 � � 
4������A� � �@� � � � ��� �H
 ��� ��� �
U *-, L�9 .�.�,;S3I 4�039 B L�9 ,)( L(0 ,;B 4 98: 4 *-, � IR. 0 I F SA, 2 IR7=I 0 B 2O4 ,;I L * 984 *-,(.CIR.�,s,�P-I <�0 B@,;5XI8B@5XI8B�} � IR. 0 I F SA, 2
r 0A4 * I L�9 ,)( L(0 ,;B 4 78.�,;I 4 ,(. 4 *@I8BI � . ,�P�I <�0 B-,;5 I8BH5�.�, <�9�� ,;5 NuU I F SA, 2 " � N � I8B@5L" � N � S 032O4X4 *-,
.�,(78.�, 2/2�0A9 B L�9 ,)( L(0 ,;B 4�2(NTU *@, :\9 S3S 9 r 0 B@7 � IR. 0 I F SA, 2 IR.�,1.�, 4 I 0 B-,;5 c

� z|984�0A9 B � , L�4O9 .et-.#I < , z ,;I8B N

� z|984�0A9 B � , L�4O9 .et-.#I < , � IR. 0 I8B L , N

� 	 D <KF ,(. 98: I L�4�0`� , > B 9 B�~ �(,(. 9 ? zl984�039 B � , L�4O9 . 2(N
"��\X



	 I < , 98:�2 ,10 D-,;B L , zl984�039 B � , L�4O9 . 2s9 B t-./I < , zl984�0A9 B � , L�4O9 . 2s9 B t 0 ,;S35
z ,;I8B � IR. 0 I8B L , � z � z|4 B � , L z ,;I8B � IR. 0 I8B L , � z � z|4 B � , L

I8B 0	< I 4 ,!" �!f N  ��� X!f � � N � � � N "�f � � �] � �] �] N  �\X " �] . N  �] N "\"d X � X] \ �
I8B 0	< I 4 ,�X � � N  � � X � �/� N � � � N "�f � � �] �/�!f � � N . �/� " � .�� N � �Z" N X �!f X � X] .] 
: I 2O4/� S < � � N  � � " .] � N � � � N � �\X � �Z"eX � � X � N � � " "eX�� � N X � � N X �Z" X � X] � �
L } L S 0 B-7 � � N f �\X X�� � f N  �!f N ��� � � �Z" � � � �/. N  � � "�f-" � N � ��� N X �/� X � XZ"d �
FM9 P 0 B-7 � � N � �/� X] ��� N  �] N  �!f � �Z" ���\X �/� N  .\X "eX/.] N � �] N "\"�f X � XZ"\" �
L . 9=2/2+L�9 D@B 4 .�} � � N X �/� ��� � . N � f\f N � � � � �] � �  �  N . �/� X] � X N � �] N �Z"\" X � X] ���
2O9�L(L ,(. �Z" N � � � " . � " N X � � N X/�] � �] �/./. X/. N �\X!f "��/. � N " � � N f �] X � X] �" �
B-,(r 2 � � N  �] X\X ��� N � � � N � "�f � �Z" � .\X �!f N  .\X " � . � N � � � N �\X�� X � X] �!f
4 I8S &�0 B-7�*@,;I85 2 X!f N X/.\X " � X � N � � � N �!f-" � ./.��\X � X � N �!f\f ././. N "\" �/. N X � � X � " . � �
: 7 < ,;B � " N ��� � X/.\X � N � �!f N � � f � �] � �!f �/� N �] � " �/� � N � �\X N  !X!f X � X] \ �
2�L . 9 S3S 0 B-7 �!f N �!f � X\X/� � N � �] N � � � �/� �\X � � �] N �\X!f "\"�f � N X � � N �/.Z" X �Z" ���\X
,(7 9 S 0 X � N ��� � "eX �!f N  � � N .\X] � . ���/.Z" X\X N �] � . �\X N  f ��� N . �\X X � "
�] �
L ./I_r+S 2 X�� N �] � " ./�Z" N � �] N � �/. � �] �Z"\" X � N f ��� "eX � " N  � X N � f . X � "
���/�

� 9 r ,(.s7=IR./5-,;B �\X N �/. " .��!f N � � � N � � � � ././. �/. X � N � �] " �/�!f � � N �\XZ" X � "�f �] 
5 0	2�L � � � N �Z" � X�� � � N � �/. N  �\X � �Z" � "eX � X N � X � "
�/� � N � �Z" N �Z"�f X � XZ"\"eX

U I F SA,@" � N " c t 0 . 2O4 %HIR. 4698:p4 *-,V./I;r 5@I 4 I :'9 . 4 *-, FH0A4 ~�./I 4 , <�9 5-,;S N�z|4 B � , L 5-,;B 984 , 264 *@,VB D <KF ,(. 98:
B 9 B�~ �(,(. 9 <�984�0A9 B � , L�4O9 . 2(N

	 I < , 98:�2 ,10ED-,;B L , ) 0#* ,(.�,;B L ,1t-./I < , � 98F ,;S � S 4 ,(.�,;5 t@./I < ,
z ,;I8B � IR. 0 I8B L , � z � z ,;I8B � IR. 0 I8B L , � z �

I8B 03< I 4 ,!" "�f N X �  f-" . N � � �Z" N .��/. � � N f]X\X X/�] �" N � � � N .��/.
I8B 03< I 4 ,�X "eX N X] � � ./. N �!f X/� N X/�!f �Z" N X!f]X �/./. � N f .] N f �!f
: I 2O4/� S < " � N  � � � ��� N .] X�� N �\X/. �/. N �Z"
� " ./.] N . �/. N  f-"
L } L S 0 B-7 �\X N .!f � " .Z" � N � � � N . �] � � N �Z"
� f �\X � N . "��Z" N ���
FZ9 P 0 B-7 "�f N �/. � �\X � N " X/. N ./�\X � � N ���] X/��� � N � �/. N � X/�
L . 9=2�2+L�9 DHB 4 .�} X\X N � f � �\X] N ��� �!f N f ��� � � N .��!f � �/.Z" N � f � N  �\X
2O9 L(L ,(. " � N � �\X �/.Z" N �/. X/. N " . � � � N ��� � �  f � N  �] N " �] 
B-,(r 2 " . N f . � � �!f N " � X/. N � �] �!f N �/� � " . � X N f f-" N ./. �
4 I8S & 0 B-7�*-,;I85 2 f N "
�\X!f " .] N f � " � N X � f �  N f �\X "
�Z" � N . � � N .] �
: 7 < ,;B " � N � � f � �!f N �\X X�� N  �] � � N � � f X/�\X�� N � �Z" N  �\X
2�L . 9 S3S 0 B-7 X � N �\X\X X\X] � N � �\X N �/. � f � N f �/� . �/�!f "eXZ" N X\X
,(7 9 S 0 f N X\XZ" � " � X N "d "�� N � �!f �!f N f-" � " � X N "d "�� N � �!f
L ./I;r+S 2 " � N �] � �] f N X!f X/. N � � � �!f N X � � �/� .Z" N  � � N �\X\X

� 9 rQ,(.+7=IR./5@,;B �\X N ���/� f .�� N �/� � � N  �] �\X N ���/� � � .Z" N f "�� � N f]X
5 032�L � � � N .] � �!f\f-" N � f � N �Z" � f\f N �/.�� f: �] N � "\" � N ���

U I F SA, " � N X c � , L�9 B@5 %HIR. 4C98:)4 *@,v./I;r 5@I 4 I :'9 . 4 *-, FH034 ~�./I 4 , <�9 5-,;S N

"�� �



	 I < , 98:�2 ,10 D-,;B L , � 98F ,;S t 0 S 4 ,(.�,;5 t 0 ,;S35 2 0A4 ~�./I 4 , 2
z ,;I8B � IR. 0 I8B L , � z � � D@I8S 0A4 } ,�P L ,;S3SA,;B 4 � D@I8S 0A4 }X7 9 9 5

I8B 0	< I 4 ,!" � � N f-" � �\X] !X N " f]X N f � � � N f � N  
I8B 0	< I 4 ,�X �\X N �/� � �] �!f N � � � N � �/. � N � � N  
: I 2O4/� S < � f N �!f � X��/� � N  f: N X\X/. � N � � N �
L } L S 0 B-7 "\"d N � " .Z" �\X N f " � X N � � "d N � � N f
FM9 P 0 B-7 �] N �!f � �  ��� N � .!f N . �/. � N � � N .
L . 9=2/2+L�9 D@B 4 .�} ��� N XZ"�� �/� �/� N � .!f N " � � � N X � N �
2O9�L(L ,(. f � N . � X �\X �/� N . "d � N � X � N X � N �
B-,(r 2 �!f N " � � X/./��� N " ./� N .Z" � � N " � N X
4 I8S &�0 B-7�*@,;I85 2 � � N f � . X �/.] N � ��� N ./.�� � N � X N "
: 7 < ,;B �/� N "\"\" � ���!f N X f]X N . �] � N � X N �
2�L . 9 S3S 0 B-7 . � N �\X/. �/.Z"
� N f "eX � N ��� � N . � N f
,(7 9 S 0 �/� N f �!f X �Z" � N � f: N "�� � � N � X N "
L ./I_r+S 2 f � N �/.�� �/�] � N � "d � N "
� � N � X N �

� 9 r ,(.s7=IR./5-,;B � � N �!f � "d �Z" � N � " � X N �] � N � X N .
5 0	2�L � �] N X] � .��!f . N � "eX � N �!f � � N f

U I F SA, " � N � cQU * 0 ./5J%HIR. 4C98:)4 *@,v./I;r 5@I 4 I :'9 . 4 *-, FH034 ~�./I 4 , <�9 5-,;S N

� t@./I < , ) 0#* ,(.�,;B L , z ,;I8B N
� t@./I < , ) 0#* ,(.�,;B L , � IR. 0 I8B L , N
� ��98F ,;S � S 4 ,(.�,;5 t-.#I < , z ,;I8B N
� ��98F ,;S � S 4 ,(.�,;5 t-.#I < , � IR. 0 I8B L , N

�A�V��� �F
 �2� 
���� �  
��@� � � 
 ��� ���
U * 0	2Y2 , L�4�0A9 B�5-, 2�L . 0AF , 2�4 *-,B%H. 9 L , 2/2T98:N�H4O4�0 B-7KIWS 0 B-,;IR. <�9 5@,;S 4O9W4 *-,s5@I 4 I N � S 0 B-,;IR. <�9 5-,;S 0321� . 2O4
�H4O4 ,;5 4O9 I8S3S 4 *-,�5@I 4 I 4O9 4 , 2O4V4 *-, � I8S 0 5 034 } 98: IhS 0 B-,;IR. <�9 5@,;S N � . 9=2�2 � I8S 0 5@I 4�039 B 0	2s4 *@,;B]I]%3%HS 0 ,;5
4O9�4 *-,K5@I 4 I�I8B@5 4 *@, � I8S 0 5@I 4 ,;5 S 0 B-,;IR. <�9 5-,;S �"4O4 ,;5 N

U *@, :'9 S3S 9 r 0 B-7 S 0 B-,;IR. <�9 5-,;S	+Cr 0A4 * ��� .�,d%H.�, 2 ,;B 4�0 B-7 4 *@, < ,;I 2 D-.�,;5 � IR. 0 I F SA, 2X9 B 4 *-, ��0 5-, 9
2 ,10 D-,;B L , 2 I8B@5 * � ./,d%@.�, 2 ,;B 4�0 B-7 4 *-, L�9 ,)( L(0 ,;B 4�2 + 032 %@. 9 % 9=2 ,;5 c

����� �
	 � *��� * � � �  * � � �  *�� � �� *�� � �� *�� � �� *�� � �� *�� � � > " � N " ?

r+*-,(./, *�� 0	264 *-, ) � L�9 ,)( L(0 ,;B 4(N
U I F SA, " � N �s,�P-%HS	I 0 B 2p4 *-, � IR. 0 I F SA, 2 ./, 4 I 0 B-,;5 N)U I F S3, " � N fsS 032�4�2 4 *-, L�9 ,)( L(0 ,;B 4 � I8S3D-, 2 > 78,;B-,(.#I 4 ,;5

F } z � U�� � 2 ? N�U I F SA, " � N . L�9=< %"IR.�, 2W4 *-, %H.�,;5 03L�4 ,;5 I8B@5 ,(./. 9 . � I8S3D-, 2K98:C4 *-,�S 0 B-,;IR. <�9 5-,;S :'9 .
,�P L ,;S3SA,;B 4 I8B@5 7 9 9 5 0ED@I8S 0A4 } FH0A4 ~�./I 4 , 2 .�, 2 %M, L�4�0�� ,;SA} N

"�� �



� IR. 0 I F S3, � 9 .�.�,;S3I 4�0A9 B � 9 ,)( L(0 ,;B 4�2+:\9 .+I8S	S 0 B�%HD 4 5@I 4 I N
	+9-N " X � � � � f . �
" "  N ./.  N ���  N  !X  N ���  N .Z"  N � � ~  N  �"  N " �X  N ./. "  N �!f  N  �  N .Z"  N .��  N .��  N  �"  N  .
�  N ���  N �!f "  N  !X  N �Z"  N .��  N � � ~  N  �"  N "eX
�  N  !X  N  �  N  !X "  N "eX  N X �  N " .  N � � ~  N  �
�  N ���  N .Z"  N �Z"  N "eX "  N . �  N ���  N  �  N X �
�  N .Z"  N .��  N .��  N X �  N . � "  N �/�  N XZ"  N � Xf  N � �  N .��  N � �  N " .  N ���  N �/� "  N " �  N � �
. ~  N  �"  N  �" ~  N  �"  N � �  N  �  N XZ"  N " � " ~  N  ��  N " �  N  .  N "eX ~  N  �  N X �  N � X  N � � ~  N  � "
"d  N �/�  N �!f  N � � ~  N � �  N �/�  N �\X  N ��� ~  N ���  N � �"\"  N ���  N � �  N ��� ~  N X �  N �/�  N �/�  N �!f ~  N �\X  N � �"eX  N " �  N  �  N "eX ~  N X �  N X �  N �/�  N �Z" ~  N X �  N � �"��  N X  N " .  N X\X ~  N � .  N X/�  N �/.  N � � ~  N � .  N f �" �  N X �  N X �  N � ~  N �\X  N � �  N � .  N �/� ~  N � �  N � �" �  N XZ"  N  �  N " . ~  N X  N �  N �  N �!f ~  N X\X  N �/." �  N "�f  N " �  N " . ~  N � f  N X �  N �/�  N �Z" ~  N � .  N f �"�f  N XZ"  N " �  N X ~  N �\X  N �  N � "  N �!f ~  N � �  N f]X
U I F SA, " � N � c t 0 . 2O4 %HIR. 4+98:)L�9 .�./,;S3I 4�0A9 B L�9 ,)( L(0 ,;B 4�2�:'9 .+I8S3S � IR. 0 I F SA, 2(N

� IR. 0 I F S3, � 9 .�.�,;S3I 4�0A9 B � 9 ,)( L(0 ,;B 4�2+:\9 .+I8S	S 0 B�%HD 4 5@I 4 I N
	+9-N "d "\" "eX "�� " � " � " � "�f
"  N �/�  N ���  N " �  N X  N X �  N XZ"  N "�f  N XZ"X  N �!f  N � �  N  �  N " .  N X �  N  �  N " �  N " �
�  N � �  N ���  N "eX  N X\X  N �  N " .  N " .  N X
� ~  N � � ~  N X � ~  N X � ~  N � . ~  N �\X ~  N X ~  N � f ~  N �\X
�  N �/�  N �/�  N X �  N X/�  N � �  N �  N X �  N �
�  N �\X  N �/�  N �/�  N �/.  N � .  N �  N �/�  N � "f  N ���  N �!f  N �Z"  N � �  N �/�  N �!f  N �Z"  N �!f
. ~  N ��� ~  N �\X ~  N X � ~  N � . ~  N � � ~  N X\X ~  N � . ~  N � ��  N � �  N � �  N � �  N f �  N � �  N �/.  N f �  N f]X"d "  N �!f  N � �  N ���  N � �  N �\X  N f  N �!f"\"  N �!f "  N �/�  N f  N f  N �/.  N f]X  N f]X"eX  N � �  N �/� "  N ./.  N �Z"  N � �  N ./.  N �!f"��  N ���  N f  N ./. "  N �/�  N .!f  N �/.  N � �" �  N � �  N f  N �Z"  N �/� "  N �Z"  N �  N � �" �  N �\X  N �/.  N � �  N .!f  N �Z" "  N ./.  N �!f" �  N f  N f]X  N ./.  N �/.  N �  N ./. "  N ���"�f  N �!f  N f]X  N �!f  N � �  N � �  N �!f  N ��� "

U I F SA, " � N � c � , L�9 B@5 %HIR. 4C98:�4 *-, L�9 .�.�,;S3I 4�0A9 B L�9 ,)( L(0 ,;B 4�2+:\9 .+I8S	S � IR. 0 I F SA, 2(N

"��/�



� IR. 0 I F SA, U *�} 2�03L I8S U IR./I < , 4 ,(.
����� �
	 2 0A4 ~�.#I 4 ,
� � z|984�0A9 B t@./I < , z ,;I8B
� � z|984�0A9 B t@./I < , � IR. 0 I8B L ,
� � 	 D <KF ,(. 98: I L�4�0�� , > B 9 B�~ �(,(. 9 ? zl984�039 B � , L�4O9 . 2
� � t@./I < , ) 0#* ,(.�,;B L , z ,;I8B
� � t@./I < , ) 0#* ,(.�,;B L , � IR. 0 I8B L ,
� � ��98F ,;S t@./I < , z ,;I8B
� � ��98F ,;S t@./I < , � IR. 0 I8B L ,

U I F SA, " � N � c ) , 2�L . 0 % 4�0A9 B 98: � IR. 0 I F SA, 2(N

� 9 ,)( L(0 ,;B 4 � P L ,;S3SA,;B 4 � D@I8S 0A4 } � I8S3D-, 6 9E9 5 � D@I8S 0A4 } � I8S3D-,*�� ~ �] N � f ~ � N �/. �* � �] �  � � "d �� � f: � f � � "d �� �* � �  �`"��/.\X � "d �� � �/�� �/. � "d �� �*�� � �� � � � "d � � �� �/�!f � "d � �*�� � �/� �`"d � "d � � � "�f��`" � � "d � �*�� �  � �\X/�!f � "d �� � � � � f-"\" � "d �� �*�� � "��`"�� � "d �� � �Z"�� .!f � "d �� �*��  � �Z" � � � "d � � � "\"��`"eX � "d � �

U I F SA, " � N f c��p032O4C98: � 9 ,)( L(0 ,;B 4B� I8S3D@, 26:\9 . 4 *-, � 0 B@,;IR. zl9 5-,;S N
� P L ,;S3S3,;B 4 � DHI8S 0A4 } 6 9 9 5 � D@I8S 0A4 }� L�4 D@I8S U ./,;5 03L�4 ,;5 � � ./. 9 . � L�4 D@I8S U ./,;5 03L�4 ,;5 � � .�. 9 .
� N f � N ./. � X!f N " � N  X N �/� X�� N X/�
� N � � N �/� � ~ X � N ��� � N  � N �Z" � ~�"�f N X
� N � � N f\f "
� N " � � N � X N � � � X\X N ./."d N � . N X ��� "
� N � � � N f � N  �" . "\" N ���
� N � � N � � " ~ � N � � � � N . � N X �/� "�� N X/.
� N X � N  � � ~�" � N �\X � N � � N �/�/. ~�" N � � �
� N X � N " . �  N X/�Z" � � N � � N � X N � �\X
� N " � N "��/� ~ X] N X � � N X � N �] . ~ X\X N "eX
� N � � N � � � " � N " X N " X N �/.!f ~�"�� N � �
� N � � N �\X � N .\X!f X N � � N " � f ~ X/� N ./.
� N . � N .] �" ~  N  �"eX � � � N f � N �/�/. " N " � "
� N � � N . � � ~ � N . � X X N " X N " �/� ~ X N  �
� N � � N �/. � ~ �/� N �!f X N � � N  �/� ~�"�f N � �
� N � � N � �/� ~�" N f ��� X N . X N .!f � ~ X N �Z"�f
� � N f: � ~�" � N " � N f � N  �\X ~�"d N � �

U I F SA, " � N . c � 9=< %HIR. 032�9 B 98: � L�4 D@I8S,+ U .�,;5 03L�4 ,;5 I8BH5 � .�. 9 . FH0A4 ~�./I 4 , 2+:\9 . 4 *@, � 0 B@,;IR. zl9 5-,;S N
"����



U *@, 2/L I 4O4 ,(.O~	%HS 984�2l98: %@./,;5 03L�4 ,;5 � ,(. 2 D 2 I L�4 DHI8S FH0A4 ~�./I 4 , 2 I8B@5 4 *-, %M,(. L ,;B 4 IR78, ,(.�. 9 . 98:W4 *-,
%@.�,;5 03L�4 ,;5 FH034 ~�./I 4 , 2 > t 0 7=D-./, 2 " � N "]+;" � N X-+;" � N �|I8B@5G" � N � ? 2 * 9 r I % 9E9 . �H4dcK4 *@,X* 0 7=*@, 2O4 ,(.�. 9 . 032
I]% %@. 9 P 03< I 4 ,;SA} �] � NYU *-,_%M,(. L ,;B 4 IR78,�,(.�. 9 . 032�L I8S L D@S3I 4 ,;5�I 2�:'9 S3S 9 r 2):\9 . I %HIR. 4�03L D@S	IR. 98F"2 ,(. � I 4�0A9 B c( �VFH2 ,(. � I 4�0A9 B � U ./,;5 03L�4 ,;5 ) � � � �

�eF"2 ,(. � I 4�0A9 B N�U *-,�t 0 7=D-.�, 2�0 S3S3D 2O4 .#I 4�0 B-7 4 *-,C,(.�. 9 . > t 0 7 2 " � N X1I8B@5 " � N � ? 2 * 9 r 4 *-,
%M,(. L ,;B 4 IR78,G,(.�. 9 .B%Z,(.G�Ea ����� ! � �����  N

4 4.5 5 5.5 6 6.5 7 7.5 8
3

4

5

6

7

8

9

10

11

Actual Bit−Rate.

P
re

d
ic

te
d

 B
it
−

R
a

te
.

Predicted vs. Actual data for Linear Model.

t 0 7=D@.�, " � N " c�U ,(. :'9 . < I8B L , 98:p4 *-, � 0 B-,;IR. z|9 5-,;S :'9 . 4 *-, � P L ,;S3S3,;B 4 � DHI8S 0A4 } FH0A4 ~�./I 4 , 2;N

���*������� � �#�����*�"
����� ����� ��!
	 �.�����

U * 0	2�2 D FH2 , L�4�0A9 B|5@, 2�L . 0AF , 2C4 *-,nI]% %HS 03L I 4�0A9 B 98:YL . 9=2/2 ~ � I8S 0 5@I 4�0A9 B 4O9X4 *-, � 0 B-,;IR. z|9 5@,;S 78,;B-,(.#I 4�0A9 B
%@. 9�L , 2�2(N�U *@, � 0 B-,;IR. zl9 5-,;S 032Y4 , 2O4 ,;5 > � I8S 0 5HI 4 ,;5 ? F }n.�, <�9���0 B-7 4 *-, 2 , L�9 B@5�+ 2�0 P 4 *�I8B@5 :'9 D-. 4 ,(,;B 4 *
5@I 4 IJ% 9=0 B 4�2+0 B 4 *-, <�9 5@,;S 78,;B-,(./I 4�039 B 2O4 IR78,�I8B@5 98F"2 ,(. ��0 B-7 4 *@,�%@./,;5 03L�4 ,;5|,(.�. 9 .VI 4e4 *@, 2 ,�% 9=0 B 4�2
0 B 4 *-, <�9 5@,;S 4 , 2O4�0 B-7 2O4 IR78, NYU *-, 2�4 I FH0 S 0A4 } 98:M4 *-, <�9 5-,;S@78,;B-,(./I 4�0A9 B 2O4 IR78, 032 ,;B 2 D-.�,;5 F }n.�, �O, L�4�0 B-7
I8BE} � IR. 0 I F SA, > 4 ,(. < ? r 0A4 * I L�9 .�.�,;S3I 4�039 B L�9 ,)( L(0 ,;B 4 78.�,;I 4 ,(. 4 *@I8B� � � > 2 ,(, 2 , L�4�039 BL"�� N X :'9 . I��D 2O4�0#�"L I 4�039 B ? N � ,(, U I F SA, " � N "\" :'9 .nI]5-, 2�L . 0 % 4�0A9 B 98:+4 *-, � IR. 0 I F SA, 2 D 2 ,;5 NqU I F SA,^" � N �qS 032O4�2K4 *-,
L�9 ,)( L(0 ,;B 4�2 I8BH5lI 2�2O9�L(0 I 4 ,;5 L�9 B � 5-,;B L , 0 B 4 ,(. � I8S 2 I8B@5 U I F SA,7" � N "d �S 032�4�2�4 *-,�%Z,(. L ,;B 4 IR78,W,(.�. 9 . 9 B

"��!f



0 5 10 15
−30

−20

−10

0

10

20

30

Observation no.

%

Percentage Error per calculated value, Linear Model.

t 0 7=D-.�, " � N X c � .�. 9 .�%Z,(. :\9 . < I8B L , 98:p4 *@, � 0 B-,;IR. zl9 5-,;S :'9 . 4 *-, � P L ,;S3S3,;B 4 � DHI8S 0A4 } FH0A4 ~�./I 4 , 2;NYU *-,
* 9 . 0 � 9 B 4 I8S�IJP 032V032 B 984 I � IR. 0 I F S3, N ) I 4 I(% 9=0 B 4�2+9�L(L D-. 0 B 4 *-, 9 ./5-,(. L�9 .�.�, 2 % 9 B@5 0 B-7 4O9 ,;B 4 . 0 , 2V0 B
U I F SA, " � N . N

"��/.



2 2.5 3 3.5 4 4.5 5 5.5 6
2

2.5

3

3.5

4

4.5

5

5.5

Actual Bit−Rate.

P
re

d
ic

te
d

 B
it
−

R
a

te
.

Predicted vs. Actual bit−rate , Linear Model, Good Quality.
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Predicted vs. Actual Bit−Rate, Validated Linear Model, Excellent BR.
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Percentage Error, Validated Linear Model, Excellent BR.
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Predicted vs, Actual Bit−Rate, Validated Linear Model, Good BR.
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Percentage Error, Validated Linear Model, Good BR.
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Predicted vs. Actual Bit−Rate, Quadratic Model, Excellent BR.
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Percentage Error, Quadratic Model, Excellent BR.
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Predicted vs. Actual bit−rate, Quadratic Model, Good BR.
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Predicted vs. Actual Bit−Rate, Validated Quadratic Model, Excellent BR.
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Percentage Error, Validated Quadratic Model, Excellent BR.
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Predicted Vs. Actual Bit−Rate, Validated Linear Model, Good BR.
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Percentage Error, Validated Quadratic Model, Good BR.
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� XKmTJTf0IKGB<>C � I��O=ifB=PL��&= bdXKJ ��I� be?�J.XMA�G�=� =PETL � EHfjI7ETL��&= � =PETL � EHfjIMETL��&=J � XMJTm�GZ=PEHf��0< L t Y � p �/.��ZY t p JZY � � p .ZY Q2%XMJ ��I 2 ET?�=PW 6 fjETW>IM=PLkG � =P? �&=PLQG GZ=PEHf3�j< L t Y���� Q � p Y � p �ZY�� ��� .ZY .

%J.L � A�m.EHG�=�� IKfB=C�&GBIKJ.LeETX GZ=PEHf��0< L t Y���� Q � t Y p p �ZY Q ��� �ZY �
%J.L � A�m.EHG�=�GZ=PEHf��0< L t Y � p QZp ��Y � p �ZY�� � ����Y .

%fBJ.?B? F EHG�G�=ifjL GZ=PEHf��0< L t Y���� � t�Q Y�� p JZY p � � t Y��
%fBJ.?B? G�=PEHf��j< L t Y ��� � � t YKJ p JZY � � Q .ZYKJ�^g�L>ETCDI �*G�� � W � A>?�GBCD=PLkG L t Y � t � ���ZY�� p �ZY p ��J���Y��
	 L�=ifBmTg L t Y � Q � �ZY�� ��Y p J��ZY QD J.A�f G�G�=ih�GZ=PEHf��0< L t Y ��J ����JZY�� p JZY�� � ���ZY p� CVhefBJ#
T=PW ;�G�G L t Y � p � t �ZYKJ �ZY � ��J�JZY �� J�W>I ve=PW 
 J.L � A>m.EHG�=�GZ=PEHf��0< L t Y � p � ��JZY�� p JZY � � . p Y .� J�W>I ve=PW D =PEHGBA�fB=	G�=PEHf��j< L t Y p � Q �ZY�� �ZY p � �ZY t� J�W>I ve=PW � J.L�JTG�J.LQg L t Y t J � �ZYKJ ��YKJ J��ZY��� J�W>I ve=PWHG 	 � L t Y t � ��JZY � �ZY Q p .ZY .� J�W>I ve=PWHG 	 � 
 J L t Y t � � p Y � ��YKJ J���Y �� J�W>I ve=PWl;�G�G L t Y ��J ��J �ZY t p JZYKJ � Q �ZY��� J.L�JTG�J.LQg L t Y t � ��JZY Q ��YKJ J��ZYKJ
� =�� ��� � L t Y Q � �/. t Y . pTp Y . ��� p Y �
� L�=�� IMCV=PL>?jIKJ.L>ETX D A>X7X GZ=PEHf��j< L t Y�� Q � ����Y � p �ZY�� � pTp Y �F 2 � � L t YKJ p . p Y p �ZYKJ ����YKJF EHf0ETXMXK=PX 4 IK=ifjEHf��0<>I �iETX � L>=�� GZ=PEHf��j< L t YKJ�� pit�p �ZY�� p#Q YKJ QZp .ZY �F XMA>? F EHG�G�=ifjL GZ=PEHf��0< L t Y�� Q � p �ZYKJ p JZY � � �/.ZY �F fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB?�J t Y ��J Q�t Y � �ZYKJ � �ZY QF fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB? � L t Y t�Q �/.ZY � ��Y t J�JZY QF fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB?
� t YKJ�� � �ZY t ��Y � J Q YKJF fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB?�� L t Y pit p#Q�Q Y . Q Y � p J t Y QF fBJ � =C�&GBIKJ.L�G�=PEHf��j< L t Y p � pTpTp Y � �ZY � Q �ZY .G�ETCVheXK=PW F GB?�J L t Y t � ���ZY�� �ZY � J t Y �G�ETCVheXK=PW F GB? � L t Y t�Q �/.ZY t ��Y t J�JZY pG�ETCVheXK=PW F GB?�� L t Y t�Q � �ZY�� ��Y t J �ZYKJG�ETCVheXK=PW F GB?
� L t Y t . � p Y t ��Y p J���YKJG�A�b>beXMJ ��I D A>X7X GZ=PEHf��j< L t Y��/. ��� �ZY . pTp YKJ � ����Y .; G�G L t Y � � � p �ZY t p JZY p � Q JZY �;�IMXK= ?�=PEHf��0< L t Y t�Q � .ZY�� ��Y . J��ZY �
� EHfjIMETL��&= L t Y t � . Q Y�� �ZY�� � Q Y��
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� XKmTJTfjIMGB<>C � JTGBIMJ.L � =C�&G�JTf F G � � � D �� =PETL � EHfjIMETL��&= � N pit � �J � XKJTm GZ=PEHf��0< �ZY p .�� �ZY t J�J p �ZY Q�Q ��YKJ t �2 XKJ � I 2 ET?�=PW 6 fjETW>IK=PLQG � =P? �&=PLQG GZ=PEHf��0< JZY pTp � �ZY � p J p �ZY�� � ��Y�� t �
 J.L � A>m.EHG�=�� IKfB=C�&GBIKJ.L>ETX GZ=PEHf��j< JZY�� t � �ZYKJ/.�� p �ZY���� ��Y������

 J.L � A>m.EHG�=�GZ=PEHf��0< JZY � t�Q �ZY ��� � p �ZY�� � ��Y ��� �
 fBJ.?B? F EHG�G�=ifjL GZ=PEHf��j< �ZYKJ t � Q Y t ��J J t Y � t �ZY �����

 fBJ.?B? GZ=PEHf3�j< ��Y � t . .ZY�� Q . J t Y p � ��Y t�p �� g�L>ETCDI �*G � � W � A>?�GBCV=PLQG �ZY p J�� �ZY���J�� p �ZY QZp ��YKJ����
	 L�=ifBmTg p#QZp Y Q�t � p .�� . � � p Y Q � p Y � � QD J.A�f GZG�=ih GZ=PEHf��j< �ZY Q�QZp �ZY � Q � p �ZY �/. ��Y t�QZp� CVh>fjJ#
T=PW ; G G �ZY . t�Q J Q Y�� p � J�JZY t�p �ZY t �/.� J�W>I ve=PW 
%J.L � A�m.EHG�=	GZ=PEHf��j< �ZY p � � .ZY t � � J t Y p J �ZY � ���� J�W>I ve=PW D =PEHGBA>fB=	GZ=PEHf3�j< Q �ZY ��J � p � p ��J J �ZY p � p Y � Q�t� J�W>I ve=PW � J.L�JTG�J.LQg p �/.ZY QZpit J pTp#Q J � p Y Q�Q p Y ��� �� J�W>I ve=PWHG 	 � p � p Y � t�Q p � ��� � � �ZY tTt p YKJ t .� J�W>I ve=PWHG 	 � 
 J p#QZp Y � �/. p#Q � Q � � p Y � p p Y ��� t� J�W>I ve=PWl; G G ��Y pit�p .ZY tTt � J t Y p � �ZY ������ J.L�JTG�J.LQg p ����Y ��� t J t . p J � p Y . � p Y ��� p
� =�� � � � �ZYKJ t � pit Y�����J J t Y�� � �ZY .�� Q
� L�=�� IMCV=PL>?BIMJ.L>ETX D A>XMX G�=PEHf��j< JZY �/. p p �ZY ��J � p �ZY QZp ��Y � �/.F 2 � � ���ZYKJ ��� pTp ��� . J �ZY t � p Y �/.��F EHfjETX7XK=PX 4^IM=ifjEHf��j<eI �iETX � L�=�� G�=PEHf��j< t Y tTt�p t Y tTt � p .ZY t � �ZY � t �F XMA>? F EHG�G�=ifjL GZ=PEHf��j< �ZY p ��� �ZY ��� p J t YKJ p �ZY � ���F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? J p ����Y . � � J � p . Q J �ZY ��� p Y �/. �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? � p ����Y Q�Q J p ��� ��� ��JZYKJ�� p Y � t �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? � p#Q �ZY .���� J t � t J � p Y�� t p Y�� p JF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? � ���ZY . p � . � t J J��ZY � � JZY�� � QF fBJ � =C�&GBIKJ.L�GZ=PEHf3�j< p#QZp Y Q � � p#Q . Q � J Q Y ��� p Y � p �G�ETCVheXK=PW F GB?�J p � �ZYKJ p � p � � ��� ��JZY � � p YKJ����G�ETCVheXK=PW F GB? � p ����Y ��� p p ��� pit ��JZY ��� p YKJ ���G�ETCVheXK=PW F GB?�� p ���ZY �/. � p ���/. � ��JZY p#Q p Y � pitG�ETCVheXK=PW F GB?
� p ���ZY�� � � p ��� Q J ��JZY tTt p Y � ���G�A�b>beXKJ � I D A>XMX G�=PEHf��j< �ZY Q . � .ZY . �/. J t Y ��� �ZY ��� t;�G�G ��Y ��� Q �ZY�� pit J t YKJ p �ZY � ���;@IMXK= ?�=PEHf��0< J Q YKJ � p �/.�� � � p YKJ Q p Y������
� EHf0IMETL��&= p ���ZY t�p � p ��� ��J J/.ZY QZp p Y Q . t
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� XKmTJTfjIKGB<eC 	 LQG�fBJThQgF I N�=PX � JTGBIMJ.L � =C�&G�JTf 
 A>C AeXMEHGBI�
T=J � XKJTm G�=PEHf��j< �ZY Q J �ZY � p �ZY �/.2 XKJ � I 2 ET?�=PW/6 f0ETW>IK=PLQG � =P? �&=PLkG%GZ=PEHf��0< �ZY Q � JZY . p �ZY Q �
%J.L � A�m.EHG�= � IMfB=C�&GBIKJ.L>ETX GZ=PEHf3�j< �ZY . p JZY . t �ZY Q �
%J.L � A�m.EHG�=	GZ=PEHf��j< �ZY Q � JZY Q�Q �ZY Q �
%fjJ.?B? F EHG�G�=ifjL G�=PEHf��j< �ZY �/. �ZY ��� �ZY ���

%fjJ.?B?�GZ=PEHf��0< �ZY �/. �ZY . t �ZY ���� g�L>ETCDI �*G�� � W � Ae?�GBCV=PLQG �ZY Q � �ZYKJ�� �ZY Q�t
	 L�=ifBmTg ��Y�� � �ZY t � ��Y Q JD J.A>f�GZG�=ih�GZ=PEHf3�j< �ZY �/. �ZY���� �ZY ���� CVh>fBJ4
T=PW ; G�G �ZY � p ��Y Q . �ZY � p� JZWeI ve=PW 
%J.L � A�m.EHG�=�GZ=PEHf3�j< �ZY ��� �ZY � � �ZY ��J� JZWeI ve=PW D =PEHGBA�fB=�GZ=PEHf��0< ��Y Q � �ZY p � ��Y .��� JZWeI ve=PW�� J.L>JTG�J.Lkg ��Y�� t �ZYKJ�� ��Y Q .� JZWeI ve=PW�G 	 � ��Y � � .ZY . � ��Y�� �� JZWeI ve=PW�G 	 � 
 J ��Y�� t �ZY t � ��Y Q �� JZWeI ve=PW ; G�G �ZY ��� �ZY�� � �ZY � t� J.L�JTG�J.LQg ��Y�� � �ZYKJ�� ��Y Q�Q
� =�� � � � �ZY ��� ��YKJ/. �ZY � p
� L>=�� I7CV=PL>?BIKJ.LeETX D A>XMX GZ=PEHf��0< �ZY .�� p Y ��J �ZY . pF 2 � � ��Y Q � �ZY t . ��Y ./.F EHfjETXMXM=PX 4^IK=if0EHf��j<>I �iETX � L�= � GZ=PEHf��0< �ZY p#Q t Y tTt �ZY pitF XMA>? F EHG�G�=ifjL G�=PEHf��j< �ZY Q�t �ZY ��� �ZY � QF fB=&vdXKG�=ifB=PWHG�ETCVheXK=PW F J.IMLQGB?�J ��Y Q � .ZYKJ�J �ZY tTtF fB=&vdXKG�=ifB=PWHG�ETCVheXK=PW F J.IMLQGB? � ��Y���� .ZY � p ��Y � �F fB=&vdXKG�=ifB=PWHG�ETCVheXK=PW F J.IMLQGB?�� ��Y���� .ZY�� � ��Y Q .F fB=&vdXKG�=ifB=PWHG�ETCVheXK=PW F J.IMLQGB?
� t YKJ�J t Y ��� t YKJ �F fBJ � =C�&GBIMJ.L GZ=PEHf��0< ��Y ��J �ZY p J �ZY p �G�ETCDheXK=PW F GB?�J ��Y �/. .ZYKJ/. ��Y � �G�ETCDheXK=PW F GB? � ��Y�� � .ZY ��J ��Y �/.G�ETCDheXK=PW F GB?
� ��Y���� .ZY t � ��Y �/.G�ETCDheXK=PW F GB?�� ��Y�� Q .ZY ��J ��Y Q JG�A>b>beXKJ � I D A>XMX GZ=PEHf��0< �ZY�� p �ZY � � �ZY�� �; G G �ZY ��� �ZY Q � �ZY � t;�I7XK= ?�=PEHf��j< ��Y Q�t �ZYKJ p ��Y Q �
� EHfjI7ETL��&= ��Y .�� �ZY � t �ZY t �
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J � XKJTm�GZ=PEHf��j<2 XKJ � I 2 ET?�=PW/6 fjETW>IK=PLQG � =P? �&=PLkG GZ=PEHf��0<
 J.L � A>m.EHG�=�� IMfB=C�&GBIKJ.L>ETX G�=PEHf��j<

 J.L � A>m.EHG�=OGZ=PEHf��j<

 fBJ.?B? F EHG�G�=ifjL&GZ=PEHf��j<
 fBJ.?B?�GZ=PEHf��0<� g�L>ETCDI �*G � � W � A>?�GBCV=PLQG	 L�=ifBmTgD J.A�f�GZG�=ih�G�=PEHf��j<� CVh>fjJ#
T=PW ; G G� J�W>I ve=PW 
%J.L � A�m.EHG�=�G�=PEHf��j<
� J�W>I ve=PW D =PEHGBA�fj=	GZ=PEHf��0<� J�W>I ve=PW�� J.L�JTG�J.Lkg� J�W>I ve=PW�G 	 �� J�W>I ve=PW�G 	 � 
 J� J�W>I ve=PW ; G�G� J.L�JTG�J.LQg� =�� � � �� L�= � I7CV=PL>?BIKJ.LeETX D A>XMX GZ=PEHf3�j<
F 2 � �F EHfjETX7XK=PX 4^IM=ifjEHf��j<eI �iETX � L�=�� GZ=PEHf3�j<F XMA>? F EHG�G�=ifjL&GZ=PEHf��j<F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? JF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fBJ � =C�&GBIKJ.L GZ=PEHf��0<
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%fBJ.?B? F EHG�G�=ifjL GZ=PEHf��0< t Y t � � Q�t Y�� pit Y�� J����ZY��
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� =�� ��� � t Y�� p �����ZY p pit Y�� J�� t Y �
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