
���������
	��
������������� ������� ����	���� �!� " � #$� �
� %&��'(���&	)�+*��-,
�.#/%)#$'�� %&��'(���&	)�+*��-,0#1�32 4653787(�
� %&��'����
	)�9*-�;:

<>=@?8ABADC8?�EGFIH3JLKNMPOLQRKBSTMVUXWYKBSTZ�[BWY\]Q^KBSTZ>WP_-`)WYa�bc\YMdO^Q0e�Ugf+UXWYKNhBiY=TjlkBm@ConTn]hDp�q/rDnNh :9stsvu
w�xcy)z|{0}c~�xcz)y�����xcy��G�3}�~8�)x��V��x��

��x�~9��� xc����~8}N����x��)y.������]�)� xc� ���-� ~��V���^�
� w������ w�¡�� ¢£� � ¤ �¦¥�w0�¦� w �!§}c� �Y¨ �0© �ª� �

«>¬�¬ �)xN­ � ��z � y � ©¦®°¯1z)~�} �ª�
±�²c±�±�³ ¢´}��>�tµª}��)�)}�����xc���>� ¨ ¢´x�~9�t���ª�¶�ow��0¥ � ¯

·@¸�¹Rº8»8¼B½Tº1¾�¿ OÁÀROLKNMÂZÄÃ�Å)Æ1OÈÇ(O^KNMXÉÊWYK�Ë.Æ/SYÌ+Ugf ÍXÎRÏ¦Å�ÍdÐPÏGbcQÈWRbÊW�f8OÁÑ-S@a�O¦MXÉÊW8Ño_+WYQ!ÑNO¦MdO^Q^a1UXKBUXKTÒ0MXÉDOªbÊW�f8O/WP_
S-ÓTÔÂÆÕWYÖX×8OÁÀRM
Ø�UIMÙÉ�QLOÈfdbDOÁÀRM�MVW-S�À¦SYa�O^QÁSÚ_+QÁWYa�ÓTÔÂÆ�MVW1ÛYÔÂÆ|bÊWYUXKNM)À¦WYQ^QLOÁfdbBWYKÊÑNO^KBÀROÈf8Ü1Ý�ÉDOoa�O¦MXÉÊW8Ñ�À¦WYKYf+Ugf^MÙf
WP_ÞUIMPOLQÈSTMVUXÌ�O¦Z°Ã3UXa�bcQÁWYÌ9UXKTÒ3MÙÉDO!bÊW�f8OßÀ¦WYa�bc\vMdOÁÑàØ�UIMÙÉáSàØ�OÁS�â@bDO^QÈfdbDOÁÀRM�UXÌ8O@À¦SYa�OLQÈS3a1W8ÑNO¦Z)M�WàÀ¦WYKBÌ�OLQÂÒNOÈÅ�STM
MXÉDO-Z°UXa1UIMÙÅãM�W3S@bÊW�f8O@OÈf^MVUXa1STM�UXWYK�À¦WYa�bc\YMPOÁÑàØ�UIMXÉ�S�bDO^QÈfdbDOÁÀRM�UXÌ8O@À¦SYa�OLQÈS0a1W8ÑNO¦ZlÜ0J^K�MXÉÊUgf$bÊSRbDO^Q1Ø�O/ÒYUXÌ�O
SYKàSTZäÒNO^Ö+QÈSYUXÀ�ÑNO^Q^UXÌ9STM�UXWYK(WP_$Æ1OÈÇ(O^KNMXÉÊWYK�SYKBÑ@Æ/SYÌ9UgfDåca�O¦MXÉÊW8Ñ0SYKBÑ�Ø�O$f¦ÉÊWYØæMXÉÊSTMGUIMGÖRO¦Z°WYKTÒ8f@MVW0S0Z°SYQçÒNO^Q
ÀRZÄS�f¦f�WP_�a�O¦MXÉÊW8Ñ�f�ØèÉDOLQLO@MXÉDO1bDO^QÈfdb�OÁÀ^M�UXÌ�OßÀ¦SYa�O^QÁS�a1W8ÑNO¦ZÚUgf�SRbYbcQÈW�é�UXa1STMPOÁÑ�O^UIMXÉDO^Q�STM ê8O^QÈWàWYQÈÑNOLQ6ëVØ�OÁS�â
bDO^QÈfdbDOÁÀRM�UXÌ8OÂìßWYQèí
QÈf^M)WYQÁÑNO^Qîë°bÊSYQÈSRbDO^QÈfdbDOÁÀRM�UXÌ8OÂì]Ü/ï6OãÑNOÈf+À9Q^UXÖRO!UXK0ÑNO M�SYUIZ�SYK�UIMPO^QÁSTM�UXÌ8O&bÊSYQÈSRbDO^QÈfdbDOÁÀRM�UXÌ8O�bÊW�f8O
À¦WYa�bc\YM�STMVUXWYK�a�O¦MXÉÊW�Ñ&_+WYQ Ö¦WTMXÉ�KÊWYK�À¦WRbDZÄSYKBSYQ SYKBÑ@À¦WRbDZÄSYKBSYQ WYÖÙ×8OÁÀRM>bÊWYUXKNMXf8Ü1ï3OoSYKBSTZ°Ã�f8OoMÙÉDOãÀ¦WYKBÌ�O^QçÒNO^KBÀRO
WP_oMÙÉDOÁf8O!a�O¦MXÉÊW8Ñ�f!SYKBÑ-Ø�OãÀ¦WYKBÀRZ°\]ÑNO MXÉÊSTM)MÙÉDOoUIMdO^QÈSTMVUXÌ�O&bÊSYQÁSRb�OLQ fdbDOÁÀRMVUXÌ�OÚa�O¦MÙÉÊW8Ñ0ë°bcQÈWRbÊW�f8OÁÑ$UXK�MÙÉÊUgf
bÊSRbDO^QVì
ÉÊS�foÖRO¦MçMdO^Q À¦WYKBÌ�OLQÂÒNO^KÊÀRO�bcQÁWRbDO^QLMVUÂOÈfÚMÙÉÊSYK@MXÉDOGUIMPOLQÈSTMVUXÌ�OoØ�OÁS�âGb�OLQ fdbDOÁÀRMVUXÌ�OGa�O¦MXÉÊW8ÑNÜ1ï3OGUXKNMVQÈW8ÑY\]ÀROGS�f+UXa�bDZIO
Ø�SYÃ3WP_ÞM�S�âtUXKtÒ�UXKNM�W(SYÀ¦À¦WY\NKNM!MXÉDO�WYQ¦MÙÉÊW¦ÒYWYKÊSTZ°UIM�ÃàÀ¦WYKvf^MVQÈSYUXKNMãS�f¦f+W�À+UXSTMPOÁÑàØ�UIMXÉ�MÙÉDOÞQÈWTMVSTM�UXWYKða1STM�Q^UgéYÜñï6O
SYKBSTZÄÃ�f8O-MÙÉDO1f8O^KYf+UIM�UXÌ9UIMVÃ0MVW3À¦SYa�O^QÈS3À¦STZ°UXÖ+QÈSTMVUXWYKòO^Q^QÈWYQÈf-SYKBÑ3Ø�OßÑNOIí�K�O@MXÉDOßWRbDM�UXa1STZ&OÁé¦bDO^QRUXa�OLKNM�STZ)f8O¦MV\�b
Ø�UIMXÉÞQLOÈfdbDOÁÀRM�M�W-UXa�bcQLOÁÀ+Ugf8OGÀ¦SYa�O^QÈS1À¦STZÄUXÖ9QÈSTMVUXWYK�Ü-ï3OGÀ¦WYa�bÊSYQLOªMXÉDOoQLOÈf+\YZóMXf!WYÖRMVSYUXK�OÁÑ-Ø�UIMXÉ@MXÉÊUgf!a�O MÙÉÊW8Ñ1SYKBÑ
Ø�UIMXÉôS@KBWYKNÔVZ°UXK�OÁSYQ1WRbDMVUXa1Ugê+STM�UXWYK�a�O¦MÙÉÊW8ÑNÜ
õ0öY÷>ø/ùD»�ú�¹�¾�ûGO^QÈfdb�OÁÀ^M�UXÌ�OÚKNÔIbÊWYUXKNM]bcQÈWYÖRZlO^a�Å�WYÖÙ×8OÁÀ^MBbBW�f8OÁÅ�Ø�OÁS�â)bDO^QÈfdbDOÁÀRM�UXÌ8OÈÅBbÊSYQÈSRbDO^QÈfdbDOÁÀRMVUXÌ�OÈÅcÀ¦SYa�O^QÁS

À¦STZ°UXÖ+QÈSTMVUXWYKvÅªOÈé8MVQ^UXKvf+UXÀ�À¦SYa�OLQÈS bBSYQÁSYa�O¦MdO^Q f8Ü

ü�ý>þ8ÿ��������	��þ�
���
��������������������	����
����çþ�� �!�	���çÿ��!���	��"��#
�$%$&���Âþ�������"^þ'�çþ��)(*
��Âÿ�+ ,-�����.
/��+�þ�0!���.12��+��43#5��)6*798;:9<>=?�!�����çÿ��A@
( ,-BC8���DFE�G�E�H�I�D),4D�J9���#
����K
�+#�������*L�����"����*��
/���çÿM
/LN�����������	�*OP�	��$Q�çþ��SR9�8ÿ�T����	�çÿ��A�&�/OU(����	��V�WA�����ÂÿX�	����OP���*WA�YOP���	$Z
��Âÿ��>�����

���"����*
������	�4[K
��Âþ���$Z
/�çÿ��NV��>þ������)þ��;�*
���
�T9ÿ��çÿ��ÂÿX��"4��+dÿ������ÂÿX�	�������çÿ���"�\���LX�K]^H�H/_�D



�Õ���-	��!��	)�

� ��� º8»8ù>ú��¶½Tº��çù � 	

: r : 
 ?���
��TEÁ=TkBH�� r�r/r!r$r!r$r!r!r$r!r$r!r/r�r/r!r$r!r!r$r!r$r!r$r!r/r�r/r!r�r/r!r$r!r$r!r$r!r/r �

: r n ��?8ADC9E�=tE�� ?�HBF��8?��ÁFI=TH r!r$r!r!r$r!r$r!r/r�r/r!r$r!r!r$r!r$r!r$r!r/r�r/r!r�r/r!r$r!r$r!r$r!r/r �

	 � ¼���ö]»�¼���ù>ú�ö��ç¹  

nNr : ! C8?�
ßA�C+E#"PADC����ÈFIiYC r$r!r$r!r!r$r!r$r!r/r�r/r!r$r!r!r$r!r$r!r$r!r/r�r/r!r�r/r!r$r!r$r!r$r!r/r $

nNr n ��?8E¦?8A�C+E#"PADC����ÈFIiYC r!r$r!r$r!r!r$r!r$r!r/r�r/r!r$r!r!r$r!r$r!r$r!r/r�r/r!r�r/r!r$r!r$r!r$r!r/r u
% & »8ù�� ø/ö]¼�')()ö]»�¹*(�ö]½Tº��,+cö�º8ù-(�ö]»8¹.()öN½Tº/�0+cö 1

 & »8ù�� (�¼B»8¼�()öN»8¹.()ö]½Tº��,+�ö-º8ù2()öN»8¹.()ö]½Tº��,+�ö 3

4 5 ù6�,+�� �87 º�9�ö:�;� � öN¼Ê»�ö�<=�¶¼]º��Âù � ¹ �6�

> r : p�=tH��R=tABjX?8HD?�Eª=�?�@ÈC��A�ªAD=TFlH��B" r$r!r$r!r/r�r/r!r$r!r!r$r!r$r!r$r!r/r�r/r!r�r/r!r$r!r$r!r$r!r/r : n
> r n C)=tABjX?8HD?�E =�?�@ÈC��A�
A�=tFIH��#"|r!r!r$r!r$r!r/r�r/r!r$r!r!r$r!r$r!r$r!r/r�r/r!r�r/r!r$r!r$r!r$r!r/r : n

D · � ¼ � ¼��X÷�¹.�ç¹1ùFEã½Yù � +cö]» 7 ö � ½Yö ��D

G HI9�ö0ùD»9º�9�ù 7 ù � ¼��;�Ùº¦÷ð½Yù � ¹^º8»8¼�� � º � 1

1 5 ö � ¹.�Xº��0+��Xº¦÷�º8ùà½Y¼���ö]»�¼�½Y¼��;�Â¸�»8¼Nº��çù � � 3

3 JLK�()ö]»��;��ö � º8¹ � 3

��M JLK�¼��N(��Âö]¹ 	�%

���PO �Â¹+½Q�¶¹9¹*�Âù � 	�D

:



� � �-	�%)��2353�
	��+���

�ªC��RC9H��Èj��Yh���C��0C9H��
	B=TH��
� ?9i]F,"������Vh�� > ��ABEÁ=TAD=Q"dC��0?$mßC.��	B=����ç=TE �NC.�ÁC9EÈmßFIHBFlH�� ��	ÊC AD=Q"PC/=�� ? �����|= ?�@ÈC��A�
� F���	$EÁC�"PADC���� �È=o? �9?8m@C9E¦?��çEÈ=tm ����� �Á= n���� AD=TFIH�� �R=tEÈEÁC�"PAD=TH �NC9H��RC/"Rr�<�	ÊC&m@C.�
	B=��I�^=TH�"dF," �B"¶=��cF��ÈC9E ?��ÈFliYC9j��
Flm@ABEÈ=8i]FIH�� ��	BC/AD=Q"PC �R=TmßABk��ÈC/� � F���	ô? � C8?�
@ADC9EB"PADC��A�ÁFIiYC �9?8m@C9E¦?$mß=��NC9j �Á=P�R=tHNiYC9E �TCYhÊ?�� �
	BC!jIFlm@F �+h �Á=
?3AD=Q"PC3C/" �ÈFlm�?��ÁFI=tHN�R=TmßABk��ÈC/� � F �
	 ?3A�C+E#"PADC����ÈFIiYC �9?8m@C9E ?�m@=��NC+j�rð<è=à=TkBE 
]HB= � jIC����tCYh �
	BC�m@C.��	Ê=��ABEÁ=TAD=Q"dC�� ? �!�GC"�0C9H���	B=tH#�$� ?9iNF "îF "�?8m@=TH��à=THÊC3=�� ��	BC&%DE#" �@?����ÁC9m@A��B" �Á=�jlFIH�
�jIFlHBC8?8E �ÈC��'	BHBF)(vkBC/"Rh
?�"�"P=��^FX?��ÁC�� � F �
	 �
	BC � C8?�
àADC9E#"dADC��A�ÈFliYC �9?�mßC9E¦?�mß=��NC9j�h � F���	�HB=tH �VjIFIHÊC8?�E �ÈC/�*	BHÊF+(YkBC�"Rh�?�"�"P=��^FX?��ÁC�� � F �
	?�ADC9E#"dADC��A�ÈFliYC-�9?�mßC9E¦?3m@=��NC9jVr-,�H��NC9C/��hª=TH|=tHBC2"dF,�NC h jlFIHBC�?�E@EÁC�"P=tjIk��ÁFI=TH m@C.�
	B=���" �+?�H ?�Càk�"dC�� ?Êk��
�
	BC "P=tjIk��ÁFI=TH-��	]k�" = ?F�¦?�FlHBC��3F," @Èk " �/?�H�?8ABABEÁ=�.]FImÞ?��ÈFl=THô?�H���h�=TH-��	BC1=���	BC+EI"dF,�NC h�HB=TH(jIFIHÊC8?�E EÁC�"P=tjIk��ÁFI=tH
m@C*��	B=���"&jlC8? � �Á=-?îiYC9E
�@?��.�RkBE ?��ÁCI"d=Tjlk��ÈFl=TH:?Êk��ªABEÈ=tADC9E�FlHBF �ÁFX?8jIF ��?��ÈFl=TH-F,"&EÁC"(vkÊFIEÈC/��r

qGHBC AD=Q" "PF�?BFIjlF ��� �R=tkBj,� ?�C �È=$k "PC!?!EÈ= ?Êk�" �ªH]kBm@C9EÁF,�9?8jNmßC.��	B=�� �È=/ADC9E/�ç=tEÈm ��	BC HÊ=TH@jlFIHBC8?8E)m@FIHBFlm@F �8?��
�ÁFI=TH��
	D?��oF,"�FlHBF �ÁFX?�jlF �9C/� � F���	��
	BC "d=TjIkF�ÈFI=tH�=�?��¦?8FIHBC/�:? �ô?�jIFlHBC8?�EGm@C.�
	B=���r10�= � C9iYC9E9h��
	BC9EÁC-?�EÈC "dC9iYC9E ?�j
�NE ? � ?D? �#
�"^r�2�FIE#" �9h�"dk��*	�?8H3?�AÊABEÈ= ? �'	��N=YC�"GHB= � �¦?�
YC�FlH��Á=-? �.�^=TkBH�� ��	BC "PFlm@ABjICGm�?���	BC9mÞ?��ÈF �9?�jDjlFIH�
 ��	D?��
C�.]F," �#" ?DC.� � C9C+H �
	BC�ADC9EB"PADC��A�ÁFIiYC1m@=��]C9j)?�H �áF��#" jIFlHBC8?8E$?8ABABEÁ=�.]FImÞ?��ÈFl=TH�"^r43YC/�R=TH��ch ��	ÊC�jlFIHBC8?8E/?�ABABEÁ=".NF5�
m�?��ÈFl=THàm�?���?�C6(YkBF �ÁC7�V?8E¦? � ?��8�çEÈ=tm ��	BC �ÈEÈkÊCP"P=tjIk��ÁFI=THá?�H���?0jX?8E��tC�H]kBm ?DC9E =��oF �ÁC9E¦?��ÈFl=TH�" � =TkÊj,� ?DC
EÁC"(vkÊFIEÈC/�I?�C9�ç=TEÈC ��	ÊC�HB=tH �VjIFIHÊC8?�E)m@FlHBFIm@F �8?��ÈFl=TH$AÊEÈ=��RC�" " �R=TH]iYC9E��tC�" �È=/?I" �¦?�?BjIC "P=tjIk��ÁFI=TH�r:2 =tE)C�.B?8m@ABjlCYhT?�"
F�� � FIjlj ?DC �NC/"��REÁF ?DC�� ?DC9jl= � hD?$HÊ=TH �VjIFlHBC8?�E
m@C.�
	B=���EÈC�(vkBFlEÈC�" :�; �ÁFIm@C�"�m@=tEÈCGF �ÁC9E¦?��ÈFI=tH�" ��	 ?�HP��	BCom@C.��	Ê=��
="�:��C��0C9H��
	B=TH6�<� ?9iNF "�?8H�� ��	D?8H:��	ÊC�mßC.��	B=��P�NC/"��REÁF ?DC���FlH �
	BF,"&A ?�ADC9E9r
<�	BC@ADC9EB"PADC��A�ÁFIiYC1ABEÁ=�@ÈC��A�ÁFI=tH�F "�m@=��NC+jIjIC/�:? �à?�ABEÈ=�@ÈC/�A�ÈFliYC �ÈE¦?8H�"��ç=tEÈm�?��ÈFl=TH�m�?8ABABFlH��P��	BC ����� ABEÈ="�

@ÈC����ÈFIiYC "PAD?��RCI�Á= �
	BC1n����£ABEÁ=�@ÈC��A�ÁFIiYC AÊjX?�HÊCYr ! C8?�
@ADC9EB"PADC��A�ÁFIiYC!F,"�@Èk�" � ?8H3?�=ßHBC�?�ABABEÁ=".NFlm�?��ÁFI=TH�="�>�çkBjIjADC9EB"PADC��A�ÁFIiYCYr?�0=TEÁC1ABEÈC/�RF,"dC9j��Yh]F �Gm�?�� � C9jlj=?�C1i]FIC � C���? "o? �9C9EÁ=��V=TE#�]C9E!?�AÊABEÈ=".]FIm�?��ÈFI=tH�@ :"A�BÈ:?C!DFEHG : r
��?8E¦?8A�C+E#"PADC����ÈFIiYCI� : �]F,")?J%DEB" �)=TEB�NC9E
?�AÊABEÈ=".]FIm�?��ÈFI=tH$="�K�çkBjljNADC9EB"PADC��A�ÁFIiYC�@ :�ALBÈ:MCND�EOG
:KPQD r)<�	ÊCªm@C.��	Ê=��ABEÁ=TAD=Q"dC�� ? �R��C"�0C+H��
	B=THR�S� ?9iNF " " � ?�E �#" � F �
	P�R=tm@ABk��ÁFIH�� ��	ÊC AD=Q"PC!="��?�H@=�?�@ÈC��A�&k "PFIHF� � C�?�
-A�C+E#"PADC��'�
�ÁFIiYCo?�H���?��;�ÈC+Eª?T�çC � F �ÁC9E¦?��ÈFI=tH�" �^=TH]iYC9E��tC�" �Á= � ?�EB��"ª?îAD= "PC!C�" �ÁFIm�?��ÈC��1kBH��]C9EªADC9E#"dA�C/�A�ÈFliYCYr�<�	BC!m@C.��	Ê=��F "�iYC9E���C9jlC.�Y?8H��+h�iYC9E
�4�V? " �9h�?�H �U(YkBF �ÁC1?��.�RkBE ?��ÈC r�, � F,"V	Ê= � C9iYC9EGjIFlm@F �ÁC�� �È= "PF��ÈkD?��ÈFI=tH�" � 	BC+EÈC ��	BC � C8?�
ADC9EB"PADC��A�ÁFIiYC-?�AÊABEÈ=".]FIm�?��ÈFI=tH3F," it?�jlF,��rQ,W� �
	BC�=�?�@ÈC��A� F " �RjI= "PC �È=P��	BC �9?8m@C9E¦?ß?�H��YX+=TE�?�� "d=Tm@C �]F," � ?�H��^C
? � ?��&�çEÈ=Tm �
	BC1=TA��ÁF,�9?8j)?�.]F," ��	BC9H��
	BC$AD= "PCß?�j �t=TEÁF ��	Êm;=��Z��C��0C9H��
	B=TH[�\� ?9i]F,"�C9F���	BC+E �R=tHNiYC+E��TC/" iYC9E
�
"djI= � j�� BÈ:];�; F��ÈC9E ?��ÈFl=TH�"&E ?��
	BC9E ��	 ?�H > �È= :];FE =TEGF � �N=YC/"PH�^ � �R=TH]iYC9E��tC!?��o?�jlj�r

,�H)�
	BF,"�A ?�ADC9E � C-"/	B= � 	B= � ��	BC3FlHBF �ÁFX?�jªmßC.��	B=���ABEÈ=tAD=Q"PC/� FlHS�_�`�!?�H �S� > �Gm�?��2?DC3C�.��ÈC9H �NC�� �Á=
AD?8E¦?8A�C+E#"PADC����ÈFIiYC r:�0=TEÈC!ABEÁC��RF "PC9j��Yh � CI�]C�"��REÁF ?DC!?1m@C.�
	B=��N�ç=TE �R=Tm@AÊk��ÈFlH��$=�?�@ÈC��A�ªAD=Q"dC � F �
	�?îAD?8E¦?8A�C+E/�
"dA�C/�A�ÈFliYC�mß=��NC9j�?�H � � C$C/" �¦?�?BjIF "/	 ��	BC/jIFIHF
 ?DC.� � C9C9H�AD?�E ?�ADC9EB"PADC��A�ÁFIiYC$AD= "PC-?�H �0A�C+E#"PADC����ÈFIiYC!AD=Q"dCYr ! C
"�	B= � ��	 ?��I�
	BC �9?�"PC-=��G?P�R=tABjX?8HD?�E "PC.�!="�ª= ?�@ÈC/�A� AD=TFlH��B"ãF " "P=TmßC�	B= � m@=TEÁC �R=Tm@AÊjIC�. �
	D?�H ��	BC �9?�"PC-=��
?0HB=tH �R=tABjX?8HD?�E "dC.�1=��o= ?�@ÈC/�A�1AD=TFIH��#"1?8H�� � CP�NC�" �REÈF�?DC�?6mßC.��	B=�� � 	BF,�'	N�9?8H)�]C8?�j � F���	N?D= ��	 �9? "dC�"Rr
! C "�	B= � ?D= ��	P�
	BC9=TEÁC.�ÈF �9?�jlj���?�H���C].NADC9EÁFIm@C9H��¦?8jIj�� ��	D?��&=tkBE&m@C*��	B=���	D? " ?DC.���ÁC9E �R=TH]iYC9E��tC9H��RCªAÊEÈ=TADC9E �ÈFlC�"
�
	D?�H ��	BCªmßC.��	B=��$AÊEÈ=TAD= "PC�� ?a�I��C"�0C9H���	Ê=THQ�b� ?9i]F,"^r>�0=TEÁC9=8iYC9E � CªFIH��ÈEÁ=��Nk��RCG? "dFIm@ABjlC �R=Tm@AÊk��¦?��ÈFI=tHD?�j
� ?��-=�� �¦?�
NFlH��$FlH��Á=1?��.�R=TkÊH�� ��	BC!=TE ��	B=��T=tHD?�jlF ��� �^=TH�" �ÈE¦?8FIH��G? " "P=��RF ?��ÈC/� � F���	 �
	BC �dc ��m�?��ÈEÈF�. �NC�" �REÈF�?BFIH��
�
	BC$=tEÈFIC+H�� ?��ÈFl=TH�?DC.� � C+C9H:�
	BC ������= ?�@ÈC���� ?8H��:��	BC �+?�m@C9E ?Nr?,�H��NC9C/��h6�
	BC1jIFlHBC8?8E�AD=Q"dC-?�j��T=TEÁF �
	BmP"ªk�"PFlH��
� C8?�
àADC9E#"dA�C/�A�ÈFliYC@?8H���AD?�E ?�ADC9E#"dADC��A�ÈFliYC �]=3HB= � �tkD?�E ?�H��ÈC9C �
	D?�� �
	BF,"!m�?��ÁEÈF�.3F,"�=tE��
	B= �t=THD?8j�r�<�	ÊC@=TE��
�
	B= �t=THD?8jIF ��?��ÈFl=TH@mßC.��	B=��I�
	D?�� � C �NC/"��REÁF ?DC ?DC9jI= � �^=Tm@ABkF�ÈC�" �
	BC ?�C/" �)EÈ=��¦?��ÁFI=tH@FIH �RjI= "PC��ç=tEÈm�k�"dFIH��/kBHBF �
(YkD?��ÁC9EÈHÊFI=TH "Rr)<�	BF " =tE���	Ê= �T=tHD?�jlF �8?��ÈFl=TH0mßC.��	B=��P�R=tH�"PF �NC9E ?�?Bj���FlH��REÈC�? "PC/" ��	BC/? �*�RkBE¦?��e�@="� ��	BC!m@C*��	B=��@?��
�
	BC �R=Q" ��="�)iYC9E��Q�çC � C�.��ÈE ? �R=Tm@AÊk��¦?��ÈFI=tH�"Rr ! C �'	D?�E ? �A�ÁC9EÈF��9C ��	ÊCI?DC�" �GC�.]ADC9EÈFlm@C9H��¦?�j "PC.�ÁkBA:�
	D?��o?�jljI= � "=tHBC �È= �R=tm@ABk��ÁC1?�ABEÁC��RF "PC1AD=Q"dC�C9iYC+H0FIH��
	BC1ABEÁC�"PC9H �RC$="� �9?8m@C9E¦? �9?8jIF ?ÊE¦?��ÁFI=tH0C9EÁEÈ=TEB"Rr�2�FIHD?8jIj�� � C1ABEÈ="�i]F,�NC/? �R=TmßAD?�EÁF,"P=tHP?�C*� � C9C9HP��	ÊC�EÁC�"PkÊj �#"&=�?��¦?8FIHBC/� � F �
	:�
	BF,"ªm@C.�
	B=��@?�H �:��	BC!EÈC/"PkBj��#"ª= ?�� ?�FIHÊC�� � F���	�?

n



HB=tH �VjIFIHÊC8?�Eªm@FlHBFImßF ��?��ÈFl=TH-m@C.�
	B=��8� : > �Vh � : $"��r

����� ���	��

�	�������
�

<�	BC/ABEÈ=�?BjIC+m =��
= ?�@ÈC/�A�ªAD=Q"PC �çEÁ=Tm�n���� �È= ����� �R=tEÈEÈC/"PAD=TH��]C9H��RC�"?	D? "ªEÈC��^C9FIiYC��ß?îjl= �G=��Ú?�� �ÈC9H��ÈFl=TH:?D=���	
FlH���	BC1A 	Ê= �È=��TE ?�m@m@C*�ÈE���?8H��2�R=tm@ABk��ÁC9E�i]F,"dFI=tH3jIF �ÁC9E¦?��ÈkBEÁC�"RrI0 ?8E¦?�jlF,�#
�C.�!?�jVr6� :�; � �RF��ÈC�" ?��GC9EÁm�?�H �NF," �
"dC9E�� ?��ÈFl=THN�çEÁ=Tm :+s >�� ��	D?�� "PkBEÁiYC���")HBC8?8EÈj�� � ; �NF��cC9EÁC9H�� "P=tjIk��ÁFI=tH�" �çEÁ=Tm �
	BC A 	B=��È=��TE¦?8m@m@C.�ÁE��/jIF �ÁC9E¦?��ÈkBEÁCYr
�
?�EÁFI=tk�"&?8ABABEÈ= ? �'	BC�" �Á=I��	ÊC = ?�@ÈC����&AD=Q"dC B =TE
C�.��ÁC9EÈH ?�j �9?�mßC9E¦? AD?8E¦?�mßC.�ÈC9EB" E ABEÁ= ?BjlC9m �V?8jIjDFIH��È=�nI�NF " �ÁFIH��A�
�9?��ÈC.�t=TEÁFIC�"9@ �RjI= "PC��F� �ç=TEÁm "P=tjIk��ÁFI=tH�"�?8H���H]kBm@C+EÈF,�+?�j�"d=TjIkF�ÈFI=tH�"Rr

C)jI= "PC����W�ç=tEÈm "d=TjIkF�ÈFI=tH�"1m�?���?�C�?8ABABjIFlC���=THBj�� �Á=�?0jlFIm@F��ÈC��0H]kBm ?DC9E!=�� �R=tEÈEÁC�"PAD=TH �NC9H��RC/"&� � �Vh?� :t: ��h
� $���r ! 	ÊC9HBC9iYC9E ��	ÊC1HNkBm ?DC9EG=�� �R=TEÁEÈC�"dAD=TH��NC+H��RC�" F,"GjX?�E �TC9E ��	D?8H8� �
	BC9H-�Rjl=Q"dC��F� �ç=TEÈm "P=tjIk��ÁFI=TH "�?8EÈC1HB=��
Ce= �RFlC9H�� ?�Ha��m@=tEÈCo?�H��-F �ÈC+E¦?��ÁFIiYCGHNkÊm@C9EÈF �9?�jF"P=tjIk��ÁFI=tH�"ª?�EÁC HBC��RC/"�"È?8E�� � :+s ��h � : ����h � :�; �Vr)<�	BC�"dC!?�ABAÊEÈ=Y?��*	ÊC�"?8EÈCYh�FlH:�tC9HBC9E ?�j�hciYC9E��@EÁ= ?Bk " � ?Bk�� �
	BC�� �R=tHNiYC9E �TC �È= � ?8E#��"L�
	BC �R=tEÈEÈC/�A� "d=Tjlk��ÈFl=TH3=TH-��	ÊC$ABEÁC9m@F,"dC ��	D?��!?
�t=Y=��òFIHÊF �ÈF ?�j�C/" �ÈFlm�?��ÁC1=�� �
	BC �ÁEÈkBC "P=Tjlk��ÈFl=THàF,"!ABEÈ=8i]F,�NC��crP� 	Ê=TH��3C.�/?8j�r[� : $�� �NC�"��^EÈF ?DCß?�m@C*��	B=�����	D?��
k�"dC�" �ÁEÈk�" �/�VEÈC.�tFI=tH�=TA��ÁFIm@F "È?��ÈFI=tH�?8H�� �
	D?��/F,"�jlC�"�" "dC9H�"PF��ÈFliYC �È=3FIHÊF �ÈF ?�jlF,"È?��ÈFl=TH���	 ?�H�=���	BC9E/m@FIHÊFIm@F �8?��ÈFI=tH
m@C*��	B=���"^r!0�= � C9iYC+E9h �
	BC0mßC.��	B=��à=�� �>	B=tH���C*�@?8j�r�ADC9E/�ç=tEÈmP" � C9jIj:�ç=TE-?3EÈC9j ?��ÁFIiYC9j��3jX?�E �TC�HNkBm ?DC9E!=��
�R=tEÈEÁC�"PAD=TH �NC9H��RC/"Rr ! 	BC9HBC+iYC9E ��	ÊC�H]kBm ?�C+E�="� �R=tEÈEÈC/"PAD=TH��]C9H��RC�" F " ?DC.� � C9C9H-��?�H�� :�; h���	BC+H���	BC �ÈEÁk�" ���
EÁC.�TFl=TH$mßFIHBFlm@F �8?��ÁFI=THGm@C.�
	B=���C+F ��	ÊC9E>EÈC"(YkBFlEÈC�">?ªjX?8E��TC
HNkÊm ?DC9E>="�DF �ÁC9E¦?��ÈFI=tH�">=TE �N=YC�"PH ^ � �R=tHNiYC+E��TC �Á= � ?�EB��"
�
	BC �R=TEÁEÈC���� "P=tjIk��ÁFI=TH�r>2BEÈ=tm�? ABE¦?��A�ÈF �9?�j]AD=TFlH��)=��ci]FIC � htF ��F "¶FIm@AD=tE��¦?8H����È=1	D?9iYCG?9it?�FljX?�?ÊjICª?8H�=�?�@ÈC��A��AD= "PC?8j �T=tEÈF���	Bm � 	BF �*	 �N=YC�"PH ^ �GHBC��RC�" "È?8EÈFIj��@EÈC�(vkBFlEÈC/?�j ?�E��tC$H]kBm ?�C+Eª=�� �R=tEÈEÁC�"PAD=TH �NC9H��RC/" ?�H�� � 	ÊF,�'	:�]=YC�"PH�^ �
"dk��cC9EJ�çEÁ=Tm �
	BC!jIFlm@F � ?��ÈFl=TH�" �
	D?��o?�EÁC�FlH 	BC9EÁC9H�� �È= �Rjl=Q"PC/�F�W�ç=tEÈm mßC.��	B=��F"Rr
<�	BC�m@C.�
	B=��3EÈC��RC+H��Áj��3ABEÁ=TAD=Q"dC�� ?a� �GC"�0C9H���	B=tH!� � ?9i]F,"R�_���Vh?� > �&EÈC�(vkBFlEÈC�"!?8H ?�E ?BF �ÁE¦?8E��àHNkBm ?DC9E

="�!AD=TFIH�� �R=TEÁEÈC�"dA�=tH��NC9H �RC�"Rr <�	BC �����;A�=tFIH��#"1m�k " �I?DC�FIH)�tC9HBC9E ?�jªAD=Q"dF �ÁFI=TH B FVr CYrlh�HB=TH �R=tABjX?8HD?�E E ?8H��
�
	BC9EÈC "/	B=tkBj,�P?�C/?���jlC8? " �H�1A�=tFIH�� �R=TEÁEÈC�"dAD=TH��NC+H��RC�"^r&<�	BC!m@C*��	B=���F " �V? " � ?8H��@F �ªF,"&EÁ= ?Bk " � � F ��	�EÁC�"PADC��A�
�Á=�Flm�?��tC$m@C�? "PkÊEÈC9m@C+HQ�#"ª?�H � �Á=:�+?�m@C9E ? �+?�jIF�?BE¦?��ÈFl=TH3C9EÁEÈ=TEB"Rr�0G= � C9iYC9E+h���	BC-= ?�@ÈC�����AD=Q"dC@?8j �t=TEÈF���	Bm ?�"
"dk�� �tC�" �ÁC��2? �[��C��0C9H��
	B=THá?�H�� �o?�i]F,"1	D? " �^=TH]iYC9E��tC9H��RC1ABEÁ= ?BjlC9mP" F � ��	BCß= ?�@ÈC��A�/F," �È=Y=8�V?�E ? � ?�� �çEÁ=Tm
�
	BC�=tA��ÈF �9?�jÚ?�.]F,"!=�� ��	ÊC �9?8m@C9E ?�� ?�jIFImßF �¦?��ÈFl=TH���	 ?�� �+?�H2?DC@=8iYC9EB�R=Tm@C�? "$C�.]ABj ?�FIHÊC��4�V?�E ��	BC9E/FIH2�
	BF,"
AD?8ADC9E9r)<�	BCom@C.��	Ê=��î="� ��C"�0C9H���	B=tH&�S� ?9iNF " � ? "&C].��ÁC9H��NC��I�Á= ��	BC �9?�"PC ="��?I�R=tABjX?8HD?�E "dC.�&="��A�=tFIH��#" ? �q ?DC9E�
t?8m@A �Áh �GC"�0C9H���	B=tH>hB?8H�� � ?9i]F,"1� : ����?8H�� ?a�&��C��0C9H��
	B=TH � ����r

���! "��	#%$&�'�	���(�(�
)+*,�.-/)+�0�

<�	BC/EÈC9mÞ?�FIH �NC9E&="� ��	BF " AD?8ADC9E F,"ª=TE �Y?8HBF �9C/�0? "H�ç=TjIjl= � "Rr?,�HU3YC����ÈFI=tH3n � C ?BEÈFlC21M��EÈC��+?�jIj=�
	BC$ADC9EB"PADC��A�ÁFIiYC
�9?8m@C9E ?�m@=��NC9jÊ?�H � � � =!AD=Q"�"dF ?BjlC ?8ABABEÁ=�.]FImÞ?��ÈFl=TH�"�=�����	ÊF,"¶m@=��]C9j�h � C8?�
-?8H���AD?8E¦?8A�C+E#"PADC����ÈFIiYC r 3YC����ÈFI=tH �
�NC/"��REÁF ?DC�" �
	BC@F��ÈC9E ?��ÈFliYC � C8?�
�ADC9EB"PADC��A�ÁFIiYCß?�j��T=TEÁF �
	Bm ? "!F �I	D? "I?DC9C9H�ABEÁ=TAD=Q"dC���FIH � > �VrU3YC��A�ÁFI=tH ���NC9�
" �REÈF�?�C/" ��	ÊC�HÊC � F��ÈC9E ?��ÁFIiYC-AD?�E ?�ADC9E#"dADC��A�ÈFliYC�?�j��T=tEÈF �
	Bm �
	D?�� � C@ABEÈ=tAD=Q"PCô? " � C9jlj
? "�	B= � �Á=-�R=Tm@AÊk��ÈC
�
	BC1= ?�@ÈC���� AD=Q"PC��çEÈ=tm ?@AD?�E ?�ADC9E#"dADC��A�ÈFliYC-?�ABAÊEÈ=".NFlm�?��ÁFI=tH>r73 C��A�ÈFl=TH > ABEÁ=�i]F,�]C�"L�]C.�¦?8FIj,"H�ç=TE "P=tjIi]FIH��P��	ÊC
jlFIHBC8?8E$C"(YkD?��ÈFI=tH�"$?�"�"d=��RFX?��ÈC�� � F ��	�AD=Q"dC �R=Tm@AÊk��¦?��ÈFI=tH�FIH ��	BCP�+? "PC�="� ?D= �
	�HB=TH �R=TABj ?�HD?8E-?�H���ABj ?�HD?8E
"dC.�#"�="�
= ?�@ÈC��A�GAD=TFlH��B"Rr 3YC����ÈFI=tH�$�?�H ?�j��F"PC/"L��	BC �R=TH]iYC9E �TC9H��^C�="� ?�=���	-��	BC1F��ÈC9E ?��ÁFIiYC � C8?�
ô?�H��0AD?8E¦?8A�C+E/�
"dA�C/�A�ÈFliYC1?�j��T=tEÈF �
	BmP" ?8H�� 3YC��A�ÁFI=TH u "�	B= � "T	B= � �Á=�FIm@ABEÁ=8iYC �
	BC1AD=Q"dC�?�j��T=TEÁF �
	BmP"ªk�"PFlH���? "dFIm@AÊjIC1?8H��
" �ÈE¦?8F �`	����ç=TE � ?�EB� �ç=TEÁm�kBj ?��ÁFI=TH3="� �
	BC�=tE��
	B= �t=THD?8jIF ��� �R=TH " �ÈE ?�FlH��+r43YC����ÈFI=tH � ?8HD?�j���"dC�" ��	BC "PC9H "PF �ÁFIi]F ����=��
?D= �
	�?�j �t=TEÁF ��	ÊmP" � F���	@EÁC�"PADC��A� �Á= �9?�mßC9E¦? �9?8jIF ?ÊE¦?��ÁFI=tH@C9EÈEÁ=TEB"RhB?8H�� 3 C��A�ÈFl=TH s ABEÈ=8i]F,�NC/"&?�H�C�.]ADC9EÈFlm@C9H��¦?8j

�



�R=tm@AD?8EÈF,"d=TH@="� �
	BC � � =$mßC.��	B=��F" �NC�"��^EÈF ?DC��-FIH �
	BF,"&AD?8ADC9E �È=��TC.�
	BC9E � F �
	�? �R=Tm@A ?�EÈF "P=tH@=�� ��	BC/"PC!m@C.�
	 �=���" � F���	ð?�HÊ=TH �VjIFlHBC8?�E1mßFIHBFlm�F��8?��ÁFI=TH3mßC.��	B=��cr 3YC/�A�ÈFl=TH :]; "�	B= � "$m�?�Ha�3C�.Ê?�m@ABjlC�"�="�!?8ABABjIF �9?��ÁFI=tH�=��AD=Q"dC �R=tm@ABk�� ?��ÁFI=TH�r>2¶FlHD?�jlj��YhM3YC��A�ÁFI=TH :t: ABEÁ=8iNF �NC�"&? �NF "��Rk�" "PFl=TH�?�H��P�TFliYC�" �NFIEÁC��A�ÁFI=TH " �ç=TEH�çk��ÁkBEÈC � =tE�
cr

� �Õ#�� � %)# � ��2���78�

! C �R=TH "PF,�]C9E
? "dFIm@AÊjIC "dC.�ÈkÊA>hY? " �NC9ABF �A�ÈC/��=TH�2¶F �tkBEÈC : r ! C �NC+HB= �ÁCL?a�����c?I����� A�=tFIH�� � F ��	 �R=Y=tE#�NFlHD?��ÁC�"���Vh
	
��h]?�H ���
��FlH@?��çE¦?8m@C ��	D?��)F,")?�� �¦? �'	BC�� �È= ��	BCª=�?�@ÈC��A��� �
	BCª= ?�@ÈC/�A�>�çE¦?�mßCYr�<�	BC�=tEÈF��TFIH-=����
	BF," �çE ?�m@C
F " �
	BC1= ?�@ÈC�����AD=TFlH������8r���H0=�?�@ÈC��A�GA�=tFIH�������ABEÈ=/@ÈC��A�#"ª=TH��È= ��	BC/FIm�?��TC$FlH���� � F �
	��9?8m@C9E¦? �R=Y=tE#�NFlHD?��ÁC�"� ��?�H ������?8H�� � C1	D?9iYC B�� ��F," ��	ÊC�iYC/�A�È=tE �çEÈ=tm AD=TFlH������ �È=-AD=TFlH������ E @� � � �"! � � C$#&%

'�! � � C'#)( BÈ:"E�*� � + ! � � C'#),
'�! � � C'# ( B n E

<�	BC�"PC-C"(YkD?��ÁFI=tH�" �NC�"��^EÈF ?DC �
	BC �^jX? " "PF �9?�j�ADC9EB"PADC��A�ÁFIiYC �9?�m@C+E¦?�m@=��]C9j � 	BC9EÁC ��	BC-EÈF��TF �:�ÈE¦?8H�"��ç=tEÈm�?��ÈFl=TH
�çEÁ=Tm �
	BC!= ?�@ÈC��A���çE ?�m@C �È= ��	ÊCI�+?�m@C9E ? �çE ?�m@C F "e@

- � .////0
�21 # %+ 1 #),
'"1 # (
;1;1; :

3�44445 �76 8 º
;1; ; ::9

<�	BCªEÁC9jX?��ÈFl=TH�"�	BFIA ?�C*� � C9C9H ��	BC �9?8m@C9E ? �R=Y=TEB�NFIHD?��ÈC�")?8H��I��	BCªFlm�?��tC �R=Y=TEB�NFIHD?��ÈC�"�m�?�� ?DCªC8?�"PFlj��!= ?�� ?�FlHBC��
?a�@FIH��ÈEÁ=��Nk��RFlH�� ��	ÊC�FlH��ÁEÈFlH�"PF �L�9?8m@C9E ?�AD?8E¦?�mßC.�ÈC9EB"e@; �<� =?> � � C ;"@ B � EA � � =?B ��� C A @ B � E

,�H ��	ÊC�"PC C�(vkD?��ÈFl=TH�" = >/?�H�� =CB ?8EÈC �
	BC iYC9E �ÈF,�+?�jc?�H�� 	B=tEÈF��9=TH��¦?8j="��+?�jIC?�V? �A�Á=TE#"ª?8H�� ; @ ?8H�� A @ ?8EÈC ��	ÊCFlm�?��tC �R=Y=TEB�NFIH ?��ÈC/" ="� �
	BC!FIH��ÈC9EB"PC��A�ÁFI=tH@=�� �
	BC!=TA��ÁF,�9?8j�?�.]F," � F���	P��	BC!Flm�?��tC ABjX?8HBCYr
! C �NFliNF �NC ?D= �
	 ��	BCoHNkBmßC9E¦?��È=TE ?�H�� �
	BC �NC9HB=tm@FIHD?��È=tE�="�>C"(�"Rr BÈ:"E ?�H � B n E ?a� # ( r ! CGFIH��ÈEÁ=��Nk��RC ��	ÊC

�ç=tjIjI= � FlH��1HB= � ?��ÁFI=TH "e@D � � � AE# ( F," ��	ÊCT%DEB" � EÁ= � ="� �
	BC$EÁ= � ?��ÈFl=TH3m�?��ÈEÁF�.P" �9?�jlC�� ?a�P��	BC �e� �^=Tm@AD=THÊC9H��G=�� �
	BCI�ÁE¦?�H "PjX?��ÈFl=TH
iYC/�A�È=tEEFDHG � + AE# ( F," �
	BC "PC��^=TH��1EÈ= � =�� ��	BCªEÁ= �¦?��ÈFl=TH-m�?��ÁEÈF�. " �9?�jlC��I? � ��	BC �9� �R=tm@AD=THBC+H���=�� ��	BC �ÁE¦?�H "PjX?��ÈFl=THiYC/�A�È=tEEFD � � � #)%"AE# ( ?�H��I��� � #),�AJ# ( ?�EÁC ��	ÊC �9?8m@C9E ? �R=Y=TEB�NFIH ?��ÈC/"&=����K� � 	BF,�'	-F," �
	BCGABEÈ=�@ÈC/�A�ÈFl=TH-=��L���M� ��	ÊC=tEÈF��TFIH�="� ��	BC!=�?�@ÈC��A� �çE ?�m@C hB?�H �D D � � '�! � � AJ# ( r

�



i

j

k

P0

P i

p0

pi

t

Pi

Y

Z

X

2¶F��TkBEÁC : @)<�	ÊF," %��tkBEÈC "�	B= � " �
	BC �tC9HBC9E ?�j="dC.�ÈkÊA>r&qGHBC =�� ��	ÊC = ?�@ÈC�����^ ")AD=TFIH��&F " "dC9jIC����ÈC��@?�" ��	BCo=TEÈF��TFlH@=��
�
	BC$=�?�@ÈC��A�V�çE ?�m@CYrG<�	BC+EÈCe�ç=tEÈCYh���	BC1AD= "PC1AD?8E¦?�mßC.�ÈC9EB"�?8EÈC �
	BC �R=Y=TEB�NFIH ?��ÈC/"�=�� ��	ÊF,"�=�?�@ÈC��A�GA�=tFIH�� B ��� E FlH
�
	BC �9?�m@C+E¦? �çE ?�m@Cã?�H��P��	BC!=TEÁFIC9H��¦?��ÈFl=TH�=�� ��	BC!=�?�@ÈC��A���çE¦?8m@C � F���	�EÈC�"dADC��A� �È= �
	BC �9?�mßC9E¦?��çE¦?�mßCYr

>



! C�mÞ?��-HB= � EÈC � EÁF �ÈC �
	BC!A�C+E#"PADC����ÈFIiYCoC"(vk ?��ÈFl=TH�"ª?�"e@� � � � ! � � C � �
:�C D � B > E�*� � G ! � � C � �:�C D � B $ E

<�	BC/"PC!C"(YkD?��ÁFI=TH "&m�?��@?8j,"P= ?DC � EÈF � �ÈC9H�?�" FlH � > � @� � BÈ:HC D � E P � � � � ! � � BPu`E��� BÁ:�C D � E P �*� � G ! � � B � E

! 	BC9HÊC9iYC9E �
	BC!= ?�@ÈC����ªF,"ª?�� "d=Tm@C �NF " � ?�H��RC?�çEÈ=Tm �
	BC �9?�m@C+E¦?NhQ�
	BC D ��?8EÈC "Pm�?8jIj �R=TmßAD?�EÁC�� �È= : r ! Cm�?�� ��	BC+EÈCe�ç=tEÈC!FIH��ÈEÁ=��Nk��RC � � =-?�ABAÊEÈ=".NFlm�?��ÁFI=tH�"&=�� ��	ÊC�ADC9EB"PADC��A�ÁFIiYC!C"(YkD?��ÁFI=tH�"e@ � C8?�
�?�H���AD?�E ?�ADC9E#"dADC��*�
�ÁFIiYCYr)q�HÊCI�+?�H %DH���?I�TC9=tm@C.�ÈEÁF,� �NC�" �REÈFlA��ÈFl=TH�=�� �
	BC�"dC�AÊEÈ=�@ÈC����ÈFI=tH�"�FlH � :�u �Vr

 ���� � $ �.
 # $,���/#%$ � - )���$

! C8?�
ßA�C+E#"PADC����ÈFIiYCo? " "PkBmßC�" ��	D?�� ��	BC!=�?�@ÈC��A�&AD=tFIH��#"&jIFlC FIHÞ?îABj ?�HBCoAD?�E ?�jIjlC9j �Á= �
	BC Flm�?��tC ABjX?8HBC AD?�"�"dFIH��
�
	BEÈ=tk���	2�
	BC1=TEÁF �tFIHà=�� �
	BC-= ?�@ÈC��A�?�çE¦?�mßCYh�FVr CYrlh ���8hèC r �Brlh�2¶F��TkBEÁC-nNr-<�	BF," F "ãC�(vkBFlit?�jIC+H�� �È=�? �9C9EÁ=��V=TE#�]C9E
?8ABABEÈ=".]FIm�?��ÈFl=TH�@

:
:JC D � G
:����
	��
���]:����������

! F���	P��	BF "ª?�ABAÊEÈ=".NFlm�?��ÁFI=tH>hNC"(�"Rr B > E ?8H�� B $ E ?�C/�R=Tm@CL@���� P � � � � ! � � B�s�E� �� P �*� � G ! � � BÈ:�;�E
,�H ��	BC�"dC � � =/C"(vk ?��ÈFl=TH�" � �� ?�H��:� �� ?�EÈC ��	ÊC �9?�mßC9E¦? �R=Y=tE#�NFlHD?��ÁC�"�="����	BC � C8?�
1ADC9EB"PADC��A�ÁFIiYCGABEÈ=/@ÈC��A�ÈFl=TH-=��
�
	BC!A�=tFIH�� ���dr 
 �@F �NC9H��ÈF5% �9?��ÁFI=tH � F���	�C"(�"Rr Bdu�E ?�H�� B � E � C!= ?F�¦?�FlH:�
	BC$EÁC9jX?��ÈFI=tH�"/	ÊFIAP?DC.� � C9C9HP�
	BC � C8?�
ADC9EB"PADC��A�ÁFIiYC!?8H�� �
	BC!A�C+E#"PADC����ÈFIiYCoABEÈ=�@ÈC/�A�ÈFl=TH�"&="�M����@���� � � � BÁ:�C D � E BÈ:T:"E� �� � ��� BÈ:�C D � E BÈ: n E
<�	BC�"dC!C"(vk ?��ÈFl=TH�"ª?8jIjl= � k�" �Á= �NC*�ÈC9EÁm@FIHBC �
	BCI(vk ?�jIF�����="� �
	BC � C8?�
@ADC9E#"dA�C/�A�ÈFliYC!?�ABAÊEÈ=".NFlm�?��ÁFI=tH � F �
	EÁC�"PADC��A� �Á=:��	ÊC@ADC9E#"dA�C/�A�ÈFliYC1ABEÈ=�@ÈC/�A�ÈFl=TH>r&,�H��NC+C�� �
	BC-C9EÈEÁ=TEI?DC.� � C9C9H-��	BC � C8?�
�ADC9EB"PADC��A�ÁFIiYC1ABEÁ=�@ÈC��A�ÁFI=tH?8H�� �
	BC����ÈEÁkBC��$ABEÁ=�@ÈC��A�ÁFI=tH�F "e@

� ��� �  ���� P � �  �! � � D �  BÈ: � E
� � � �  � �� P � �" �! � � D �" BÈ: � E

0�C+H��RC ��	ÊC&(vk ?�jIF����0=�� �
	BCß?�ABABEÁ=".NFlm�?��ÁFI=TH �NC9ADC9H ��" ?D= �
	�=TH ��	BC@it?8jIkBC-=�� D �$#�%�& =THN�
	BC�AD= "PF �ÁFI=tH�=��
�
	BC�AD=tFIH���FlH �
	BC-FIm�?��TCYr ! C �R=TH�"dF,�NC+E �ç=tE$C�.Ê?�mßABjIC�? > : n�c > : n6Flm�?��tCYr���AÊABEÈ=".]FIm�?��ÈC$it?8jIkBC�"V�ç=tEI��	ÊC

$



Pi

P0

optical axis

Weak perspective
Perspective
Para perspective

p0

pi

pw
i

focal distance = 1
t z

plane approximating
the object

p
p
i

normalized
image plane
    

center of projection                               

2¶F��TkBEÁC@na@$<�	ÊF,"V%��TkÊEÈCP"�	B= � " �K�8h"��� ���
	BC-A�C+E#"PADC����ÈFIiYC1AÊEÈ=�@ÈC����ÈFI=tH�"�="� � � =�= ?�@ÈC��A�oA�=tFIH��#"^h ���-?�H��'���dh?8H���� �� h
��� � � ��	ÊC � C8?�
3?�H �6AD?8E¦?8A�C+E#"PADC����ÈFIiYC1AÊEÈ=�@ÈC����ÈFI=tH�"�="� ���dr1<�	BCQ(YkD?8jIF ����=�� ��	BC1A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC
ABEÁ=�@ÈC��A�ÁFI=tH��NC9ADC9H ��"�=TH��
	BC-?�HF�TjIC ?DC.� � C9C9HP��	BC1jlFIHBC!="�&AÊEÈ=�@ÈC����ÈFI=tH0="� ���
?�H��:�
	BC$jlFIHBC/=��
ABEÁ=�@ÈC��A�ÁFI=TH�=�����8r�3YFImßFIjX?8EÈj��Yh.��	BC (YkD?�jlF ���1=�� ��	BC � C8?�
1ADC9EB"PADC��A�ÁFIiYCªABEÁ=�@ÈC��A�ÁFI=tH �NC+A�C+H���"�=tH ��	ÊC ?8H��TjlC ?DC.� � C9C9H �
	BC jlFIHBC="��ABEÁ=�@ÈC��A�ÁFI=tH�="� ����?�H��P��	BC!=TAF�ÈF,�+?�j�?�.]F,"^r
FlH��ÁEÈFIH "PF,� AD?8E¦?8m@C.�ÈC+E#"G?�EÈCL@ = > � =CB�� :�;�;`; ?8H�� ; @ � A @ � n > $]r1<�	BC9EÁCe�ç=TEÁC$k�"dFIH��ßC"(�r B � E ?�H � B � E � C
	D?9iYC�@

;�� � � 	 ��� � ; � n >
<�	BC�jI= � C9E ?�=tkBH�� �R=TEÁEÈC�"dA�=tH���" �È=��
	BC@AD=TFlH��1="� FlH��ÁC9E#"dC��A�ÈFl=THà=�� ��	BCß=TA��ÁF,�9?8jª?�.]F," � F���	2�
	BC�FIm�?��TC

ABj ?�HBC B � �C� � �C� ;�E r)<�	BC/kBABADC9E ?D=TkBH ���R=TEÁEÈC�"dA�=tH���" �È= ��	BC!Flm�?��tC ?D=TE#�]C9E#"9@� � � ; � P ; @=?> � > : n P n > $
:];�;�; G ; � n >

! C �R=tH��Rjlk��NC ��	 ?��T�ç=tE "Pm�?8jIj �NF " � ?�H��RC`X�"PF��9C1E¦?��ÈFl=Q"Rh�F�r CYrIh�j ?�E �TC-iT?8jIkBC/" �ç=tE D ��h=�
	BC � C8?�
3ADC9EB"PADC��A�ÁFIiYC?8ABABEÈ=".]FIm�?��ÈFl=TH@F " " �ÈFljIjciT?8jIF �ÞbcQÁWYÌ9UXÑNOÁÑ1MÙÉÊSTM
MÙÉDO/WYÖÙ×8OÁÀ^M&Z°UÂOÈf�UXK0MXÉDO/K�O^UóÒ�ÉÊÖ¦WY\]QÈÉÊW�W8Ñ@WP_ãMÙÉDO/WRbDMVUXÀ¦STZ�S�étUgf^r

 ��! "��.���	#%$&��� # $ � -/)���$

��?8E¦?8A�C+E#"PADC����ÈFIiYC/m�?��@?8jIm@= " � ?DC$i]FIC � C���? " ?7% E#" ����=tE#�NC+E!?�ABAÊEÈ=".NFlm�?��ÁFI=tH�="�
A�C+E#"PADC����ÈFIiYC rH,�H��NC9C��ch6� � =?8ABABEÈ=".]FIm�?��ÈFl=TH�"�?8EÈCªHBC+C��NC��$FlH�=tE#�NC9E �Á=�=�?��¦?8FIH ��	BCªA ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC �9?�m@C+E¦?�m@=��]C9j�r ! F �
	 ��	BCo?�AÊABEÈ=".��Flm�?��ÁFI=TH @ :
:�C D � G
:?P D � ���"	 � ���]: ������� �

u



� C�=�?��¦?8FIHP��	ÊC�A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC�AÊEÈ=�@ÈC����ÈFI=tH�=�� ���dhBCYr �Brlh 2¶F��TkBEÁC$na@� � � � B � ! � � C � � E BÈ:HP D � E
G � ! � � C � � P � � D �� ��! � �# ( C � � P � � '�! � �# (

� 	BC+EÈC ��	BC �ÁC9EÈmÕFIH :�AJ#��( � ?�" HBC*�TjIC/�A�ÈC��cr�<�	BC9EÁC F,"ª? "PFlm@FIj ?�E)C�.]ABEÈC/"�"PFl=TH �ç=TE � �� r
2¶FlHD?�jlj��YhQ��	ÊC�A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC�C�(vkD?��ÈFl=TH�"G?�EÁC�@� � � P � � � � P � � '# ( ! � � BÈ: > E� �� P ��� � + P ��� '#&( ! � � BÈ: $ E

,�H@=tE#�NC9E �Á=�=�?��¦?8FIHP��	ÊC�EÁC9jX?��ÈFl=TH�"�	BFIA ?DC.� � C9C9H �
	BC!AD?�E ?�ADC9E#"dADC��A�ÈFliYC!?�H � �
	BC!ADC9E#"dA�C/�A�ÈFliYC ABEÈ=/@ÈC��A�ÈFl=TH�")=����� � C �9?8H � EÈF��ÈC ��	ÊC�"PC C�(vkD?��ÈFl=TH�"G? "��ç=TjljI= � "e@� � � � � � C � ! � � P � � D �� �� � ��� C G ! � � P �*� D �
�L� ?�FlH>h�?a��F �NC9H��ÈF5% �9?��ÁFI=tH � F �
	@C"(�"Rr BPu`E ?�H�� B � E � Co= ?�� ?�FIHP�
	BC EÈC+jX?��ÁFI=tH�"/	BFlA ?DC.� � C9C+H ��	BCoAD?�E ?�ADC9E#"dADC��*�
�ÁFIiYC!?8H�� �
	BC!A�C+E#"PADC����ÈFIiYCoABEÈ=�@ÈC/�A�ÈFl=TH�")=�� � � @� � � � � � BÈ:�C D � E P � � D � BÈ:�u`E� �� � ��� BÈ:HC D � E P ��� D � BÈ: � E� " FIH��
	BC-ABEÈC9i]FI=tk�" "PC����ÈFI=tH>h � C �9?8H�C8?�"PFIj��0C�" �ÈFlm�?��ÁCI��	ÊC�C9EÁEÈ=tE ?DC.� � C9C9H-��	ÊC1AD?�E ?�ADC9E#"dADC��A�ÈFliYC@?8H��
ADC9EB"PADC��A�ÁFIiYC ABEÁ=�@ÈC��A�ÁFI=tH�"e@

� � � �  � � � P � �  �! B � � P � � E D �  BÈ:9s�E
� � � �  � �� P �*�  �  B �*� P ��� E D �  B n ;�E

! 	BC9HÊC9iYC9Eß?�H = ?�@ÈC/�A�@AD=TFlH������ F "7�V?�EN�çEÁ=Tm ��	BC3=tA��ÈF �9?�j!?".NF " ��	ÊC9H ��	BC � C8?�
�ADC9EB"PADC��A�ÁFIiYC0mß=��NC9jF "�?�AD=Y=TEà?8ABABEÁ=�.]FImÞ?��ÈFl=TH>r 0�= � C9iYC9E+hª?òAÊEÈ=TADC9E �'	B=TF �RC3=�� ��	BCà=TEÁF �tFIH>hGF�r C h ���8h ?�H � ��	BC3k "PCà=�� ��	ÊC
AD?8E¦?8A�C+E#"PADC����ÈFIiYC!m@=��]C9j=�9?8H �R=Tm@ADC9H "È?��ÁC/?�H��@ABEÁ=�i]F,�]C$?I�t=Y=���?8ABABEÁ=�.]FImÞ?��ÈFl=TH@C+iYC9H@F � D �>F,"&HB=�� "dm�?�jlj�r
� 40%)��� �Õ� #/� '�� %&��'����
	)�9*-� 	�� '�� %&��'����
	)�9*-�

,�H�=tE#�NC9E �Á=-"P=tjIiYC �
	BC@AD=Q"dC0ABEÁ= ?BjlC9m3h ��C"�0C9H���	Ê=TH � � ?9iNF "&� > �
HB= �ÁF,�RC/� ��	D?��1C"(�"Rr B�s�E ?�H�� BÈ:];FE ?8EÈC
"dFIm@FljX?�E �Á=�C"(�"Rr Bdu�E ?8H�� B � E �ç=TE � 	BF �*	P��	ÊC D ��?8EÈC "PC.� �Á= ; r)<�	BC��P�^=TH��Rjlk��NC ��	 ?���@D ! 	ÊC9HBC9iYC9E �
	BC D ��?�EÈC?%M.NC/� B HB=��&HBC/�RC�"�"Á?�EÁFIj��1H]kBjlj E ��	BCoA�= "PC C�(vkD?��ÈFl=TH�" Bdu�E ?8H�� B � E ?DC��R=tm@CªjIFlHBC8?�EFlH � ?�H�� G rL� "P=tjIk��ÁFI=tH:�+?�H:?DC��ç=TkÊH���F5�)?��ªjIC8?�" �H�-= ?�@ÈC��A�ªAD=tFIH��#"ª?�EÁC!ABEÈ=8i]F,�NC�� B "PC9C�3YC����ÈFI=tH > E r

�



D , �ªF "&A�= "�"dF ?BjlC �Á= "d=TjliYC C"(�"Rr BPu`E ?8H�� B � E UIMdO^QÈSTMVUXÌ�O¦ZÄÃ ?a�P"Pk �.�RC�" "PFIiYCGjIFlHBC8?8EG?�ABABEÁ=".NFlm�?��ÁFI=TH "Rr
,�H���	ÊF," �9? "dC ��	BC1AD=Q"dC@?8j �t=TEÈF���	Bm ABEÁ=TAD=Q"dC���FlH!� > � " � ?�E �#" � F���	à? � C8?�
�A�C+E#"PADC����ÈFIiYC �9?�mßC9E¦?$m@=��]C9j�?8H��
�R=tm@ABk��ÁC�"&?8H3?8ABABEÈ=".]FIm�?��ÈC��-A�= "PCYr
<�	BF "ª?�ABABEÁ=".NFlm�?��ÁC���AD=Q"dC$F,"&Flm@ABEÁ=�iYC/�îF��ÈC9E ?��ÈFliYC9j���? "��ç=TjljI= � "e@
: rV2B=tEG?�jIj � h � ���]: ������� � h ��� �]h D �C� ; F
n]r 3 =TjIiYC ��	BCG=8iYC9E#�^=TH�" �ÈE¦?8FIHBC/��jIFlHBC8?8E "/�F" �ÁC9m£="��C�(vkD?��ÈFl=TH�" BPu`E ?�H�� B � E � 	ÊF,�'	$ABEÁ=�i]F,�]C�"�?�H-C�" �ÈFImÞ?��ÈFl=TH="��iYC/�A�È=tE#" � ?8H�� G hBF�r C rIh 3YC��A�ÁFI=tH > F
�]r C)=tm@ABk��ÁC ��	ÊC�AD= "PF �ÁFI=tH0?8H���=tEÈFlC9H�� ?��ÁFI=TH�="� �
	BC!= ?�@ÈC��A�:�çE¦?8m@C � F �
	�EÈC�"dA�C/�A� �Á= �
	BC �9?�m@C+E¦?V�çE¦?8m@C�@# ( � :

n 6 :� � � C :
� G � 9#)% � � � # (#&, � ��� # (

� � �
� � �+ � G
� G �

' � � c +
�ÊrV2B=tEG?�jIj � h��R=tm@ABk��ÁC�@

D � � ':! � �# (
,W� ��	BC D � �R=tm@ABk��ÁC��3?�� ��	BF "�F �ÁC9E¦?��ÈFl=TH(?�EÈCßC"(vk ?�j �È= ��	BC D � �R=tm@ABk��ÁC��3?�� ��	BC-ABEÈC+iNFl=Tk�"!F �ÈC+E¦?��ÁFI=tH
�
	BC9H " �Á=TA ��	BC!ABEÁ=��RC��NkBEÁCYhB= �
	BC9E � F,"PC �t= �Á= " �ÈC+A3nNr

! 	BFljICªF �ÁC9E¦?��ÈFlH��BhQ��	ÊC ?�?�=8iYC!?8j �t=TEÈF���	Bm�EÁC9ABj ? �RC�" �
	BC ?��A�Èk ?�jDFIm�?��TC �R=Y=tE#�NFlHD?��ÁC�" � ��?�H����*� B � 	BF �*	-?8EÈCADC9EB"PADC��A�ÁFIiYC!ABEÈ=/@ÈC��A�ÈFl=TH�"ª=���? �����£AD=TFIH�� E � F ��	 � � BÁ:VC D � E ?8H�� ��� BÈ:HC!D � E h � 	BF,�'	�?�EÁC � C8?�
�ADC9EB"PADC��A�ÁFIiYCABEÁ=�@ÈC��A�ÁFI=tH�" =�� �
	BC "È?8m@C ������AD=TFlH��+r�� �tC9=Tm@C*�ÈEÈF ��FlH��ÁC9EÈABEÁC.�¦?��ÈFl=TH3=�� ��	BF "!?�j �t=TEÁF ��	Êm �9?�H-?DC7�ç=tkBH���FlH
� ����h � > ��r

� 40%)��� '3#/%)#$'�� %&��'(���&	)�+*�� 	�� '�� %&��'����
	)�9*-�

,�H �
	BF," "PC��A�ÁFI=tH � C ABEÈ=8i]F,�NCo?I�TC+HBC9E¦?8jIF��8?��ÁFI=TH-=�� ��	ÊC!?�?D=8iYC!?�j��T=tEÈF �
	Bm �È= �]C8?�j � F ��	 ��	BC A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC
�9?�"PCYr ! C �R=tH�"PF �NC9E�?��Y?�FlH ��	BC)ADC9EB"PADC��A�ÁFIiYC)C"(YkD?��ÁFI=TH " BPu�E ?�H � B � E ?�H ��jIC*�>k�" "dk�?��ÁE¦? ��� �
	BC)bBSYQÁSRbDO^Q fdbDOÁÀRMVUXÌ�OMdO^Q^a �çEÁ=Tm ?D= �
	:�
	BC!jICe�;�G?8H���EÁF ��	�� "PF �NC�"&="� �
	BC�"PC!C"(YkD?��ÈFI=tH�"Rr ! C!= ?�� ?�FlH�@� � BÈ:HC D � E P � � P � � :# ( ':! � �

� ��� �
	�


� :# ( ��! � � P � � :# ( '�! � �
��� BÈ:HC D � E P ��� P ��� :# ( ':! � �

� ��� �
	�


� :# ( + ! � � P ��� :# ( '�! � �
s



<�	BC�"dC!C"(vk ?��ÈFl=TH�" �9?8H ?DC � EÈF����ÁC9H�m@=TEÁC �R=TmßAD? �A�Áj��-?�"e@
B � � P � � E BÈ:�C D � E � �

�
! � � B n :"E

B ��� P ��� E BÈ:�C D � E � G � ! � � B nTn E
� F���	�@

�
�
� � P � � '# ( B n � EG � � + P ��� '# ( B n�� E

qGHBC$mÞ?��-HB=��ÈF,�^CI��	 ?�� � 	BC9Hà?�jlj=��	BC D ��?8EÈC$H]kBjlj�h���	ÊC$ADC9E#"dADC��A�ÈFliYC!C"(vk ?��ÈFl=TH�"G?�?D=8iYC �ÞC"(�"^r B n :�E ?8H��
B nTn E � ?�C/�R=Tm@CGF,�]C9H��ÁF,�9?8j �Á= ��	BC!AD?8E¦?�ADC9EB"PADC��A�ÁFIiYC!C"(YkD?��ÁFI=tH�" �-C�(�"^r BÈ: > E ?8H�� BÁ: $ E r� "!FIH2�
	BC � C�?�
àA�C+E#"PADC����ÈFIiYC �9?�"PCYh � C 	D?9iYC@HB= � ?�jIFlHBC8?8E$m@C.�
	B=�� �ç=TE �R=tm@ABk��ÁFIH��P��	ÊC@AD=Q"PC � F �
	?@AD?8E¦?�ADC9EB"PADC��A�ÁFIiYC1m@=��]C9j�?8H���?8H�F��ÈC9E ?��ÈFliYC!m@C.��	Ê=��:�È= �R=TmßABk��ÈC ��	BC-= ?�@ÈC/�A� AD=Q"dC � F���	(?ÞADC9EB"PADC��A�ÁFIiYCm@=��]C9j=? � "dk��.�RC�" "PFliYC�A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC-?�ABABEÁ=".NFlm�?��ÁFI=TH "Rr?�0=TEÁC$ABEÁC��RF,"dC9j�� h���	BC/A�= "PC-AD?�E ?�m@C*�ÈC9EB"L�9?8H:?DC
�NC+EÈFIiYC/�7�çEÈ=tm �

�
?�H � G � ? " �ç=tjIjl= � "^r

2¶FlE#" �+hN=tHBC$m�?��-HB= �ÁF,�RC ��	D?���@
� �
�
� � � B � P � � ' E ! B � P � � ' E# �(� :�C � ��# �(

?8H��K@
� G � � � � :HC � ��# �(

! C ��	BC9EÁCe�ç=TEÁC = ?F�¦?�FlH�@ # ( � :n .0 � :HC � ��
� �
�
� C

� :�C � ��
� G � � 35 B n > E

?8H��K@ #)% � � � # (#), � �*� # (
3YC��^=TH���h � C �NC+EÈFIiYC �
	BC ��	BEÁC9C1=TE ��	B=��T=TH ?�jªkBHBF��!iYC��A�È=tE#" ��h + h¶?8H��2'�rR2 EÁ=Tm C"(�"Rr B n � E ?�H�� B n�� E � C=�?��¦?8FIH�@

� � # ( � � C � � ' B n $ E+ � #)( G � C � � ' B n u`E
<�	BC �
	BFIEB�ÞiYC/�A�È=tE9h�'3F," �
	BC �REÈ= "�" ��ABEÁ=��Nk��A�o=�� ��	BC�"dC � � =1iYC��A�Á=TE#"9@

' � � c +� # �( � � c G � C'# ( ��� � � c ' P # ( � � G � c '

:�;



�DC.��� B ¼ E ?DC���	ÊC-" 
YC � � "/�]m@m@C��ÈEÁF,�1m�?��ÁEÈF�.ð?�"�"P=��^FX?��ÁC�� � F �
	 ?2���ViYC��A�Á=TE�¼ ?8H��������	� ?DC���	BC3F �NC9H��ÈF��/�
m�?��ÈEÁF�.cr¶<�	ÊC$ABEÁC9iNFl=Tk�"&C].NABEÁC�"�"dFI=tH:�+?�H�HB= � ?DC � EÈF � �ÈC9H�?�"Z�ç=tjIjI= � "9@

B �����	� P'# ( ���
� B � � E�C'# ( � �
� B G � E�E ' � # �( � � c G � B n � E
<�	BF "$C"(vk ?��ÈFl=THð?�jljI= � "$k�" �È=-�R=tm@ABk��ÁCP'�h)ABEÈ=8i]F,�NC��-��	D?�� �
	BC@jIFlHBC8?8E "/�F" �ÈC+m ?�?D=8iYC&	D? "T�çkBjljªE¦?8H�
�r

,�H��NC+C���h��
	BC �dc �îm�?��ÈEÁF�.�� @
� � �����	� P'# ( ���
� B � � E�C$# ( � ��� B G � E

F "&=�� ��	BC��ç=TEÁm8@
� � ./0 : � P��

P�� : �
� P�� :

3 45
, �#" �]C.�ÈC9EÁm@FIH ?�H���F "ª?�j � ?���" " �ÈEÁF,�A�Áj��-A�= "PF��ÈFIiYCL@

��� #9B � E � :HC�� � C�� � C�� �
<�	BC+EÈCe�ç=tEÈCYh]=THBC �9?�H�C8?�"PFIj��P�NC.�ÁC9EÈmßFIHBC '3k�"PFlH��-C"(�r B n � E ?�H�� �¶?8H�� + k�"PFlH��1C"(�"Rr B n�$ E ?�H�� B n u�E r
<�	BC D ���9?�H�HB= � ?DC!C8? "dFIj�� �R=tm@ABk��ÁC��@? " ?DCe�ç=TEÁC/?�H��P��	BC!AD=Q"dC1?�j��T=tEÈF �
	Bm ?DC��R=tm@C�"9@

: rV2B=tEG?�jIj � h � ���]: ������� � h ��� �]h D �C� ; F
n]r 3 =TjIiYC ��	ÊC�=8iYC9EB�R=TH�" �ÈE ?�FIHÊC���jIFlHBC8?8E "���" �ÈC9m�="��C"(YkD?��ÁFI=TH " B n :�E ?8H�� B ntn E � 	BF �*	-ABEÁ=�i]F,�]C�")?�H�C�" �ÁFIm�?��

�ÁFI=tH�="�)iYC��A�Á=TEB" �
�
?8H�� G � hBF�r C rIh 3YC��A�ÁFI=tH > F

�]r C)=tm@ABk��ÁCI�
	BC1AD=Q"PF��ÈFl=TH B #)% h #&, h�?�H�� # ( E ?8H��0=TEÁFIC9H��¦?��ÈFI=tH B �dh + h>?8H���' E ="� �
	BC1= ?�@ÈC/�A�J�çE ?�m@C � F �
	EÁC�"PADC���� �È= ��	ÊCI�+?�m@C9E ? �çE ?�m@C!?�" C].NABj ?�FlHBC��@?�?�=8iYC!FIHP�
	BF,"V3YC/�A�ÈFl=THCF
�ÊrV2B=tEG?�jIj � h��R=tm@ABk��ÁC�@

D � � ':! � �# (
,W� ��	BC D � �R=tm@ABk��ÁC��3?�� ��	BF "�F �ÁC9E¦?��ÈFl=TH(?�EÈCßC"(vk ?�j �È= ��	BC D � �R=tm@ABk��ÁC��3?�� ��	BC-ABEÈC+iNFl=Tk�"!F �ÈC+E¦?��ÁFI=tH
�
	BC9H " �Á=TA ��	BC!ABEÁ=��RC��NkBEÁCYhB= �
	BC9E � F,"PC �t= �Á= " �ÈC+A3nNr

� � ��7+*ô�8��� 	���� 78�����o#$% ����5�#�	)�+���3�


 =���	 ��	BC � C8?�
 ADC9EB"PADC��A�ÁFIiYCà?�H � AD?8E¦?8A�C+E#"PADC����ÈFIiYCàF �ÁC9E¦?��ÈFliYC3?�j��T=tEÈF �
	BmP"�HÊC9C��)�È= "d=TjIiYC(?�H =8iYC9E#�^=TH �
" �ÈE¦?8FIHBC/�6jlFIHBC8?8E "/�F" �ÈC+m =��GC"(YkD?��ÁFI=tH�"Rh�HD?�m@C+j��0C�(�"^r BPu�E h B � E�B � C8?�
3ADC9E#"dA�C/�A�ÈFliYC E ?�H ��C"(�"Rr B n :�E h B nTn E
B AD?�E ?�ADC9E#"dADC��A�ÈFliYC E r:,�H�m�?��ÈEÈF�. �ç=TEÁm ��	BC/"PC!C"(YkD?��ÁFI=TH "L�9?8HP?�C � EÁF ���ÁC9H�? "9@�

� � ���
� �	�

�
��� ��������

� K
� ��� �
� ���

B n s�E�
� � ���
� �	�
G��� �������� � ÷

� ��� �
� ���

B � ;�E

:T:



� 	BC+EÈC��
F,"ª? � c �îmÞ?��ÈEÁF�.��ç=TEÁm@C�� ? � ��	BC ����� �R=Y=tE#�NFlHD?��ÁC�" ="� � iYC��A�È=tE#" � � � � �
� � rJ3 FIH��RC �
	BC!A�=tFIH������F " ��	BC!=tEÈF �tFIH�=�� ��	BC!= ?�@ÈC/�A���çE¦?8m@CYhQ��	BF "&m�?��ÁEÈF�. �9?8HP?�C � EÈF����ÈC+H�? "1@

� � .//0 � � 	 � �
�rrr rrr rrr� � 	 � � �
3 445

,�H0=tE#�NC9E �Á=P"P=tjIiYC��ç=TE ��	ÊC�"PC!jIFlHBC8?8EªC"(vk ?��ÈFl=TH�"ª=THÊC 	D?�" �Á= �NF " �ÁFIH��tkBF,"�	:� � = �9? "dC�"e@)HB=tH-�R=TABj ?�HD?8E ?8H��
�R=tABjX?8HD?�E "PC*�#"&=�� = ?�@ÈC��A�
AD=TFIH��#"^r

����� � ��� �,�(#��+�(�
�.�'�����/$ � - # ��) �	- �

,W� �
	BC-= ?�@ÈC��A�!AD=TFlH��B"$?8EÈC-HB= � �R=TABj ?�HD?8E9h �
	BC�E ?�H�
à=�� �ÕF," �0?8H�� ��	ÊC9EÈCe�ç=tEÈC ��	BC "P=tjIk��ÁFI=tH�" �ç=tE � ?�H � G
B ?�H���C"(vkÊFIit?�jlC9H��Áj�� �ç=tE � � ?�H�� G � E ?8EÈC "PFlm@ABj�� �tFIiYC9HP?a�K@

� � B � 1 � E
	 � � 1 KG � B � 1 � E 	 � � 1 ÷
qGHBC mÞ?��/HB= �ÁF,�RC ��	 ?�� ��	ÊC A�"PC+k��N=��VFIH]iYC9EB"PCG=��L� �9?�H ?�C �R=Tm@AÊk��ÈC��1= �M�VjIFlHBC!?�H ��	ÊC9H��RC ��	BCoC�" �ÁFIm�?��ÈFI=tH1=��
� ?8H�� G F "&AD?�E �ÈF �RkBjX?8EÈj���Ce= �RFlC9H��+r

���! � ��#��+�(�
�.�'�����/$ � - # ��)��	-��

,W���
	BC&=�?�@ÈC��A��A�=tFIH��#"�?8EÈC �R=TABj ?�HD?8E ��	ÊC9HI�
	BC&E ?�H�
/=��
��F,"�n ?�H �I��	BCÚ?�?D=8iYC "P=Tjlk��ÈFl=TH �9?�HBHÊ= � ?DC �R=tH�"PF �NC9EÈC/�
?8H �]m@=TEÁCYr ! CP�R=tH�"PF �NC9E ��	ÊC@ABjX?8HBC��ç=TEÈmßC��6FlH �
	BF," �9? "dC ?a����	BC@=�?�@ÈC��A�!AD=TFlH��B"$?�H ��jIC.� � ?DC ��	BCßkBHBF �
iYC����È=TEª=tE��
	B= �t=THD?8j �Á= �
	BF,"ªABj ?�HBCYr���C/�A�È=tE#" � ?�H�� G B ?8H���C�(vkBFlit?�jIC+H��Áj�� � � ?�H�� G � E �+?�H:?DC � EÈF � �ÈC9H�?�" ?
"dkBm =��Ú?îiYC/�A�È=tEL?DC9jl=TH��tFIH�� �Á= �
	BF,"ªABj ?�HBC-?8H��0?�iYC/�A�È=tE�ADC9EÁA�C+H��NF,�^kBjX?8E �È= �
	BF,"ªABjX?8HBCYhDHD?�mßC9j�� B "PC9CR� ����h
� : ����?8H�� 2�F �TkÊEÈC � E @

� � � � C
� � B � :"EG � G � C�� � B �Tn E


 �P"dk�?�" �ÁF �Ák��ÈFlH�� ��	BC/"PC!C�.]ABEÈC�" "PFl=TH�" �ç=tE � ?8H�� G FlH��Á=1C"(�"Rr B n sFE ?�H�� B � ;FE � C!=�?��¦?8FIH�@� � � � K� G � � ÷
<�	BC/"PC$jlFIHBC�?�EGC"(vk ?��ÈFl=TH�" �9?�H�?DC "P=tjIiYC��@ABEÁ=8iNF �NC�� �
	D?�� ��	BC �ç=tjIjI= � FlH��@?����NF��ÈFI=tHD?�j�jIFIHÊC8?�E �R=TH " �ÈE ?�FlH��B"�?8EÈCk�"dC��K@

� ! � � � ;
� ! G � � ;

: n



<�	]k�" � C!=�?��¦?8FIH�"d=Tjlk��ÈFl=TH�"��ç=TE � � ?8H�� G � ?�"Z�ç=tjIjl= � "^r
� � � B ��� 1 ��� E 	 � ��� 1 6 K ; 9G � � B � � 1 � � E 	 � � � 1 6 ÷ ;'9

! F���	 � � �]Ce%DHBC�� ?a�K@ ��� � 6 � � 9
q ?]iNFl=Tk�"dj��Yh���	BC!E¦?8H�
@="� � � F "&C"(YkD?�j �È= �Nr

P0

I

u

I 0

P1 P
2

P
3

P4

P
5

u

J

J 0

2�F �TkÊEÈC � @L� �R=tABjX?8HD?�E �R=THa%��TkBE ?��ÁFI=TH�=��)=�?�@ÈC��A�ªAD=TFlH��B"Rr
,�H@=TEB�NC9E �Á=1C�" �ÁFIm�?��ÈC � ?8H�� G B ?�H �ÞC�(vkBFlit?�jIC+H��Áj�� � � ?�H�� G � E =THBC!F "�jIC9�;� � F �
	 ��	ÊC�C/" �ÈFlm�?��ÁFI=tH�="� � � =

" �9?�j ?�E#"^h � ?�H�� � r:,�H ��	BC �9? "dC =�� � C8?�
-ADC9E#"dA�C/�A�ÈFliYC�q ?DC9E�
t?8m@A �Áh���C��0C9H��
	B=TH�hB?�H � � ?9iNF "�� : ���DABEÈ=8i]F,�NC/�? "P=tjIk��ÁFI=TH�k�"dFIH�� ��	ÊCI�^=TH�" �ÈE¦?8FIH��#" � � � � � G � ?�H�� � ! G � ; r
,�H �
	BC �9? "dC�="��AD?�E ?�ADC9E#"dADC��A�ÈFliYC ? "dFIm@FljX?�E "P=Tjlk��ÈFl=TH �9?�H ?�CG= ?F�¦?�FlHBC���k "PFIHF� �
	BCH�ç=TjIjl= � FIH�� �R=tH�" �ÁE¦?�FlH��B"=tH��Á= �
�
?8H�� G � B �NC+EÈFIiYC/�7�çEÈ=tm C"(�"Rr B n�� E ?�H�� B n"� E�E @

� �
�
� � � :HC � ��# �(

: �



� G � � � � :HC � ��# �(
�
�
! G � � � � �*�# �(


 �-C9jIFlm@FIH ?��ÈFlH�� # ( � C�=�?��¦?8FIHP� � = �R=TH " �ÈE ?�FlH��B"e@
�
�
! G � � � � � �

:�C � �� � � � � �
�
�
! G � � � � ���

:�C � �� � G � � �

 � "Pk�? " �ÈF��Èk��ÁFIH��-FIHP�
	BC�"PC!C�.]ABEÁC�"�"dFI=TH " �

�
?�H�� G � �TFliYC9H ?a�@C"(�"Rr B � :�E ?�H�� B �tn E � C =�?��¦?8FIH�@

� � ! G � C � � � � � ���
:�C � �� B � � � � � C � � E

� � ! G � C � � � � � �*�
:�C � �� B � G � � � C � � E��H �R% HD?�jlj��Yh�? �@C+jIFImßFIHD?��ÈFIHF� � � C!= ?�� ?�FIHô?I?BF+(YkD?��NE¦?��ÈF,� C"(YkD?��ÈFI=tH�FIH�=THBC/kBH�
]HB= � H�@

� ���:C�� � � C�� � ; B � � E
! F���	�@

� � � � P��
� � n � � � P�� � C � P n � �
� � � � � � C � � P n � � �
� � � � ���

:HC � ��
� � � � � �

:HC � ��
� � � � ! G �
� � � � � � �
� � � G � � �
� � :JC � ��

:HC � ��
,�H�=TE#�]C9E �È= " �Ák�� � �
	BC!HNkBm ?DC9E&="��EÁC8?�j>EÁ=Y= �B"�=���C"(Dr B � � E � C "PkF?�" �ÁF �ÈkF�ÈC � � ? � # @

� # � C�� #dC�� � ;
! C C�.Ê?�m@FlHBC ��	ÊC "PF��TH�"&="� �
	BC EÈ=Y=��#"&="� �
	BF,")C"(vk ?��ÈFl=TH>r)<�	ÊC9EÈCe�ç=tEÈC � C�	D?9iYC �È=1C�.Ê?�m@FlHBC ��	ÊC "PF��TH�=����
	BC9FIEABEÁ=��Nk��A�+hBF�r CYrIh �>A � r ! C1	D?9iYC�@

�
�
� 	 B � � 	 � � 	 � 	 � E� P � �� � �� � � P#BÁ:JC � �� E � � � C n � � � � BÁ:�C � �� E � �

:�C � �� C � ��� P B � � � � � P#BÁ:�C � �� E ��E �
:�C � �� C � ��

: �



<�	BC9EÁCe�ç=TEÁCYhQ��	BCoiT?8jIkBCo=�� �>A � F,")C9F �
	BC9E)HBC.� ?��ÈFliYC�=tE&H]kBjIjVr�<�	BC9EÈC9�ç=TEÈC ��	BC9EÁC ?8EÈC =tHBC AD=Q"dF �ÁFIiYC B =TEªH]kBjlj EEÁ=Y= �G?�H ��=THBC!HBC*�Y?��ÁFIiYC B =tE&H]kBjIj E EÁ=Y= ���ç=tE # r:0�C9H��^C ��	BC9EÁC!?�EÁC � � =!EÈC�?�j�EÁ=Y= �B" �ç=TE � �-?$AD=Q"dF �ÁFIiYCG=THBC!?8H��?1HBC.� ?��ÈFliYC =THÊC �Þ?�H � � � =1Flm�?��tFIHD?8E��-EÈ=Y= �B"Rr

optical axis

image plane

center of
projection

Pi

P0

Pi’

F

plane of symmetry

first object
orientation

second object
orientation

pi

p’
i

paraperspective
projection of p  & p’i i

2¶F��TkBEÁC:� @���ABj ?�HD?8E�= ?�@ÈC/�A��?�H��1?ªAD?8E¦?�ADC9EB"PADC��A�ÁFIiYC �9?�m@C+E¦?&m@=��NC+jTABEÁ=��Nk��RC�"�� � =�=tEÈFlC9H�� ?��ÁFI=TH "Rr>0G= � C9iYC9E+h
�
	BC�"PC � � =1=�?�@ÈC��A�ª=tEÈFIC+H�� ?��ÈFl=TH�"�	 ?�iYC �NF," �ÈFIH �A�ªADC9E#"dA�C/�A�ÈFliYC ABEÈ=/@ÈC��A�ÈFl=TH�" � ����?8H���� �� r
<�	BC � � =�EÈC8?8j)EÈ=Y= �B" �ç=tE � ABEÁ=8iNF �NC � � = "P=tjIk��ÁFI=TH " �ç=TE � ?�H �U	BC9H��^C ��	BC9EÁC@?8EÈC � � = "P=tjIk��ÁFI=TH " �ç=tE � �?8H�� G � r/<�	BC�"dC � � =P"P=tjIk��ÁFI=tH�" �R=tEÈEÈC/"PAD=TH����È=P�
	BC � C9jIj5� 
]HB= � H0EÁC9iYC9E#"Á?�j�?�m ?BF �tkBF ����?�"�"d=��RFX?��ÈC�� � F �
	à?�H?�=@HBC �9?8m@C9E ?�m@=��NC+j�rà<�	BC�"dC � � =-"P=Tjlk��ÈFl=TH�"-?�EÁC "/	B= � H�=tH#2¶F��TkBEÁC �Br�<�	ÊC0AD=TFlH��B"�� � B j��NFlH��0=tH)��	ÊC

ABj ?�HD?8E = ?�@ÈC/�A� FIH3=tHBC1=TEÁFIC9H��¦?��ÈFl=TH E ?8H��H� �� B j��NFlH��@=TH��
	BC1ABj ?�HD?8E�=�?�@ÈC��A�GFIHà?8HB= �
	BC9E!=TEÁFIC9H��¦?��ÈFI=tH E 	D?9iYC
�
	BC "Á?�m@CªA ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC�ABEÁ=�@ÈC��A�ÁFI=tH ?BkF� �NF ��C+EÈC9H���ADC9E#"dADC��A�ÈFliYC�AÊEÈ=�@ÈC����ÈFI=tH�"Rr�p�= �ÁF,�RC �
	D?�� ��	BC/"PCG= ?�@ÈC��A�
=tEÈFIC+H�� ?��ÈFl=TH�"�?�EÁC "��Nm@mßC.�ÈEÁF,� � F �
	$EÁC�"PADC��A���È=ã? ABj ?�HBC � 	BF,�'	$F "èADC9EÁADC9H��NF �RkBjX?8E=�È= �
	BC&jlFIHBC)="� "PF���	��¶AD?�"�"dFIH��
�
	BEÈ=tk���	 ���8r
<�	BC9EÁCe�ç=TEÁCYh���	ÊC$F �ÁC9E¦?��ÈFliYC!?�j��T=TEÁF �
	Bm �NC�"��^EÈF ?DC���FIH83YC����ÈFI=tH �-ABEÈ=��]k��RC�"L� � =�AD=Q"dC�" ?���C8?��*	�F��ÈC9E ?��ÈFl=TH>r<�	BC � � =!AD=Q"dC�" 	D?9iYC �
	BC "È?8m@C �ÈE ?�H�"djX?��ÁFI=tH@iYC��A�Á=TE ?BkF� �]F��cC9EÈC+H���=tEÈFlC9H�� ?��ÁFI=TH "Rr>0GC9H��RCYh ?��;�ÈC+E � F��ÈC9E ?��ÈFl=TH�"

�
	BC9EÈC � FljIj ?DCßn � "P=tjIk��ÁFI=tH�"RrQ,�H�=tE#�NC+E �Á=�?�iY=tF,�:�
	BF," EÈC/�NkBH��B?8H��e� � C1ABEÈ=��RC+C���?�" �ç=tjIjI= � "^r�� � �
	BC %DE#" �
: >



F��ÈC9E ?��ÈFl=TH � C�EÁC.�¦?8FIH2?D=���	 "P=tjIk��ÁFI=TH " � 	BFljIC�?��I��	ÊC@HBC�.��$F��ÈC9E ?��ÈFl=TH�" � C@EÈC.� ?�FlH�=THBj���=tHBCP"d=TjIkF�ÈFI=tHH�-��	ÊC
"d=TjIkF�ÈFI=tH � 	ÊF,�'	1F," �
	BC�mß=Q" � �R=TH�"dF," �ÈC9H�� � F �
	 ��	BC �B?��¦?NrL� � �R=tHNiYC+E��TC+H��RC � Cª= ?�� ?�FlH � � = "d=TjIkF�ÈFI=tH�" �ç=TE ��	ÊC=tEÈFIC+H�� ?��ÈFl=TH�=�� ��	BC/ABjX?8HD?�Eo= ?�@ÈC��A�]@&=THÊC "P=Tjlk��ÈFl=THô? "�"d=��RFX?��ÈC�� � F �
	:�
	BC �ÁjICe�;� � ?BE¦?8H��'	0=�� �
	BC "dC8?�EB�*	 �ÈEÈC+C
?8H��0?8HB= �
	BC9E "d=TjIkF�ÈFI=tH3?�"�"P=��^FX?��ÁC�� � F���	 ��	BC �ÈEÈF���	�� � ?BE¦?8H��'	�="� ��	BC "PC�?�E#�'	:�ÁEÈC9C B "PC9CI2¶F��TkBEÁC > E r �Gm@=TH��
�
	BCV%DHD?8j=� � = "P=tjIk��ÁFI=tH�"RhB=tHBC!=�� ��	BC9m F," �tC9HBC9E ?�jlj�� �RjI= "PC9E �Á= ��	BC Flm�?��tC �B?��¦? ��	D?8H �
	BC!= �
	BC9E9r:0G= � C9iYC9E+hF5� �
	BC�=TEÈFlC9H��¦?��ÁFI=tHò="� �
	BC�ABjX?8HD?�E-= ?�@ÈC/�A�1F," �Rjl=Q"dC �Á= �
	BC�=TEÁFIC9H��¦?��ÈFI=tH�=�� ��	BC�ABj ?�HBC�=�� "/�]m@m@C.�ÁE��Yh=��	ÊC
?8m ?BF��TkBF����1EÈC9m�?8FIH�"
?�H��P��	BC/?8j �T=tEÈF���	Bm AÊEÈ=8iNF �NC�" � � = "d=Tjlk��ÈFl=TH�"^r

1st iteration

2nd iteration

Nth iteration

Unique
solution

good

goodgood

good

good
good badbad

badbad

2¶F��TkBEÁC > @
� ?BFlHD?�E
� �ÈEÁC9C "PC8?8E#�'	T�ç=tE "dC9jIC����ÈFIHF� ��	ÊC ?DC�" ��= ?�@ÈC/�A�>AD=Q"PC � 	BC9H ��	BC)= ?�@ÈC/�A�¶AD=tFIH��#"�?�EÈC �R=tABjX?8HD?�E+r
� � � #î��#î7��0���8�Õ���.�Ú���ß*��o%��1�!�3�ª�

,�H3=TEB�NC9E �Á=�?�H ?�j��F"PC �
	BC �^=TH]iYC9E��tC9H��RC/=�� ��	BC/"PC-?�j��T=tEÈF �
	BmP" B "dC��A�ÈFl=TH�" ��?�H�� � E � C �^=TH�"dF,�NC9Eã?��Y?8FIH3C"(�"Rr
Bdu�E ?�H � B � E @ � � BÈ:HC D � E P � � � � ! � ���� BÁ:�C D � E P �*� � G ! � �

: $



?�" � C9jIj�? "ªC"(�"^r B n :�E ?�H � B ntn E @
B � � P � � E BÈ:�C D � E � �

�
! � �

B ��� P ��� E BÈ:�C D � E � G � ! � �

 = �
	 �
	BC�"dC "PC.�B"ã="�ªC"(YkD?��ÈFI=tH�" �NC�" �REÈF�?�C �
	BC!_+\vZlZ�ADC9E#"dA�C/�A�ÈFliYC1ABEÈ=�@ÈC/�A�ÈFl=TH>r1<�	ÊC7%DEB" �!=THÊC�"!?�jIjl= � " �Á=C�.]ABEÁC�"�"I�
	BC0AD=Q"dC0ABEÁ= ?BjlC9m FlH)�ÈC+EÈmP"!=��/?8H�F �ÁC9E¦?��ÈFliYC � C8?�
�A�C+E#"PADC����ÈFIiYCÞ?�j �t=TEÁF ��	Êm � 	ÊFIjICP�
	BC "PC��R=tH��

=tHBC�"G?�jIjl= � " �Á=@C�.]ABEÈC�" " ��	BC/AD=Q"PC1AÊEÈ= ?ÊjIC9m FlH:�ÁC9EÈmP"&="�
?�H�F �ÁC9E¦?��ÈFIiYC!AD?8E¦?8A�C+E#"PADC����ÈFIiYC/?8j �T=tEÈF���	Bm3rZ2 EÁ=Tm
2¶F��TkBEÁC/n1?�H��83YC��A�ÁFI=TH�n � C�	 ?�iYCL@D � �o?�H��:�*� ?8EÈC ��	BC �9?8m@C9E ?I�R=Y=tE#�NFlHD?��ÁC�" ="�
�K�8h��
	BC!ADC9E#"dA�C/�A�ÈFliYC ABEÈ=/@ÈC��A�ÈFl=TH�=�� ���*FD � ��?8H����*��?�EÈC �
	BC �9?�m@C+E¦?I�^=Y=TE#�]FIHD?��ÈC�"ª=��
����h��
	BC!A�C+E#"PADC����ÈFIiYCoABEÈ=�@ÈC/�A�ÈFl=TH�=�� ���)FD � � BÈ:>C8D � E ?�H��:� � BÈ::C8D � E ?8EÈC ��	ÊC �9?�mßC9E¦? �R=Y=tE#�NFlHD?��ÁC�"&=���� �� h��
	BC � C8?�
-ADC9E#"dA�C/�A�ÈFliYC�ABEÁ=�@ÈC��A�ÁFI=tH@=��� � FD � � BÈ:HC!D � E P � � D ��?�H � ��� BÁ:JC!D � E>P �*� D ��?�EÁCI�
	BC �9?�mßC9E¦? �R=Y=tE#�NFlHD?��ÁC�"�="�
� � � h6�
	BC$A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYCAÊEÈ=�@ÈC����ÈFI=tH�=�� ���)F
<�	BC9EÁCe�ç=TEÁCYhYF � �T=Y=��@C�" �ÈFlm�?��ÁC�"d�ç=TE D � B�� ���]:�����������E ?�EÈCo?9it?�FIj ?�?BjlCYhQ��	BC+H �
	BCªADC9E#"dA�C/�A�ÈFliYCªA�= "PC AÊEÈ= ?ÊjIC9mF " EÁC��Nk��^C�� �Á= "P=TjliNFlH��/?�H@=8iYC9EB�R=TH " �ÈE ?�FlHBC�� "PC.�)=���jIFlHBC8?�E)C"(YkD?��ÈFI=tH�"Rr�<�	BC�"dC C"(YkD?��ÁFI=TH " AÊEÈ=8iNF �NCo? "d=Tjlk��ÈFl=TH

C9F���	BC+E �ç=TE � ?8H�� G =TE>�ç=tE � � ?�H�� G � �çEÁ=Tm � 	BF,�'	-?�AD=Q"dC�mÞ?�� ?DCGC8? "dFIj�� �9?�j �RkBj ?��ÈC/��r>0�= � C9iYC9E9h8FIH1AÊE¦? ���ÈF,�^CF��$F,"!E¦?���	BC9E �NF = �RkBj�� �È=0AÊEÈ=8iNF �NCP"dk��*	(C�" �ÁFIm�?��ÈC�"^r&0�C9H��RC h¶=THÊC 	D? "I�Á=0k�"dC�?4	BC9kÊEÈF," �ÈF �Tr0<�	ÊCP"PFlm@ABjIC/" �
	BC+kBEÈF " �ÈF � F," �È=ßFIHBF��ÈFX?8jIF��9CL�
	BC$it?8jIkBC�"ª=�� D ���È= �9C9EÁ=@?8H�� �Á=�k "PC$C+F ��	ÊC9E ��	BC/F �ÁC9E¦?��ÈFIiYC � C8?�
@ADC9E#"dA�C/�A�ÈFliYC�=tE
�
	BC!F �ÈC+E¦?��ÁFIiYCGAD?�E ?�ADC9EB"PADC��A�ÁFIiYC/?�j��T=TEÁF �
	BmP"Rr

! C �R=TH�"dF,�NC+E �
	BC�%DE#" ��=THÊC&=�� ��	BC/"PC � � =!?�j��T=TEÁF �
	BmP"�?�H��$jlC.� D�� � ?DC �
	BC �ÈEÁkBC&it?�jlkBC�" �
	D?�� ��	BCG?8j �T=tEÈF���	BmF " "PkBAÊA�= "PC��-�È= �R=TmßABk��ÈC r$<�	BC+EÈCe�ç=tEÈCYh>?�� ��	BC�%DE#" �!F �ÈC+E¦?��ÁFI=tH>h�=THÊC@?����ÈC+m@A��#" �È= "d=TjIiYC1FlHà?@jIC8?�" �/� "�(YkD?8EÈC
"dC9H�"PC/?1jIFlHBC8?�E "PC.�ª="�)C"(YkD?��ÁFI=tH�"&=�� �
	BC��ç=TEÁm8@

������� ������

rrr
� ! � � � � � P � �G ! � � � � � P � �rrr

<�	BC1AD= "PC ��	]k�" �R=tm@ABk��ÁC��@F," @Èk�" �/?�Hà?�AÊABEÈ=".]FIm�?��ÈFI=tH�"dFIH��RC/=THBC1k "PC�" � �)?�H � ����FlH�" �ÁC8? �0="� � �� ?�H�� � �� r<�	BC+EÈCe�ç=tEÈC ��	BC��ÁA�= "PC/C9EÈEÁ=TE#""��?8EÈC!ABEÁ=TAD=TE �ÈFI=tHD?�j �È= ��	ÊC �ç=tjIjl= � FlH�� �ÈAÊEÈ=�@ÈC����ÈFI=tH�C9EÈEÁ=TE#""� @
� �� � � � � P � �� � �� B � �� C � �� E  D � �  �

,W� �
	BC�"PC-ABEÁ=�@ÈC��A�ÁFI=THàC9EÁEÈ=TEB"$?8EÈC-jX?�E �TCYh���	BC-jIFlHBC8?8E�jlC8? " �/� "�(YkD?�EÁCP"P=tjIk��ÁFI=tH�ABEÁ=8iNF �NC���? ���
	BC7% E#" �/F �ÁC9E/�
?��ÈFI=tH�=�� ��	BCÞ?�j �t=TEÁF ��	Êm � FIjIj ?�CßE¦?��
	BC9E �NF ��C+EÈC9H�� ��	D?8H2��	BC �ÈEÁkBC "P=Tjlk��ÈFl=TH�?8H��2�R=tHNiYC+E��TC+H��RC �+?�HBHB=��I?DC
�tkD?�E ?�H��ÈC9C��crV�GC"�0C9H���	B=tH8�-� ?9i]F,"�HB=��ÈF �RC�� ��	D?�� ��	ÊC$F �ÁC9E¦?��ÈFliYC � C8?�
�A�C+E#"PADC����ÈFIiYC/?8j �T=tEÈF���	Bm �R=tHNiYC9E �TC�"
� F���	-iT?8jIkBC/"�?�"�j ?�E��tCJ�ç=tE D�� � ? " : hNbcQÁWYÌ9UXÑNOÁÑ�MXÉÊSTM�MXÉDOoWYÖÙ×8OÁÀRM�Z°UÂOÁf/UXK@MÙÉDOoK�O^UóÒ8ÉÊÖ¦WY\NQÈÉÊW8W�Ñ/WP_ MXÉDOoWRbDM�UXÀ¦STZcS�étUgf^r

:�u



,�H��NC+C���h � 	BC+H���	BC1=�?�@ÈC��A� F " �RjI= "PC �Á= �
	BC1=TAF�ÈF,�+?�j)?".NF "Rh=��	BC �+?�m@C9E ? �^=Y=TE#�]FIHD?��ÈC�"!=��
F �B"�ABEÈ=/@ÈC��A�ÈFl=TH�"^h � �?8H�� ���Vh>?�EÁC "PmÞ?�jIj B ��	BC1=tEÈF��TFIH�=�� ��	ÊC �9?�m@C+E¦?T�çE¦?8m@C$jlFIC�"&=tH��Á= ��	ÊC1=TA��ÁF,�9?8j�?".NF " E ?8H��:��	BC]�:�^=Tm@ADC9H�"Á?��ÁC
�ç=tE ��	BC!jX?8E��tC$it?�jlkBC�"&=�� D�� � r

,�HP��	BC9=tE��Yh���	BC!F��ÈC9E ?��ÈFliYC�A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC!?�j��T=TEÁF �
	Bm F,"ª?�?BjIC �Á= �NC8?�j � F���	 �R=tH %��TkÊE¦?��ÁFI=tH�" � 	ÊC9EÈC ��	ÊC
� C8?�
�ADC9E#"dADC��A�ÈFliYC!?�j��T=tEÈF �
	Bm �]FIiYC9E �TC�"^r�,�H��NC+C���hBFIH ��	BC �9? "dC$="�)AD?�E ?�ADC9EB"PADC��A�ÁFIiYCYh���	BC/ABEÈ=/@ÈC��A�ÈFl=TH�C9EÁEÈ=TEB"
?8EÈC�@

� � � � � �K� P ��� � � �� B�B � � P � � E � C#B ��� P ��� E � E  D � �  �� � �K� P ��� � �  D � �  �
! 	BC9HÊC9iYC9E!=THBC � ?�H��#" �Á=3k�"PCP�
	BC@AD?8E¦?�ADC9EB"PADC��A�ÁFIiYCP�+?�m@C9E ?@m@=��NC9jVh ��	ÊCP�*	Ê=TF,�^C7�ç=tE��K� B ?8H�� 	BC9H��^C

�ç=tE���� E F," �REÁk��RF ?�j�ro<�	BC ?DC�" � � ?��P�Á=P�*	Ê=Y=Q"PC �K�!F "L�È=P�^=Tm@ABkF�ÈCI�
	BC �^C9H��ÁC9EG=�� �TE ?�i]F ����=�� ?�jlj �
	BC1FIm�?��TC
AD=TFlH��B" ?�H �:�È= "PC9jlC��A� �
	BC1FIm�?��TC!AD=TFlH�� � 	ÊF,�'	0F," ��	BC �Rjl=Q"dC�" � �È= �
	BF," �RC9H��ÈC9EG=�� �TE ?9iNF��/� r�0�C9H �RCYh � � P � �?8H�� ��� P ��� � FljIj=?DC "PmÞ?�jIj�?8H��:��	ÊC�� � FIjIj��^=Tm@ADC9H�"Á?��ÁCT�ç=TEGjX?8E��tC1iT?8jIkBC/" ="� D�� � rG<�	BC9EÁCe�ç=TEÁCYh���	BC/F �ÈC+E¦?��ÁFIiYCAD?8E¦?8A�C+E#"PADC����ÈFIiYCo?�j��T=tEÈF �
	BmÕF,"�jIF�
YC9j�� �È= �R=TH]iYC9E �TC��ç=TE ��	B= "PC �^=TH %��tkBE¦?��ÈFl=TH�" � 	BC+EÈC ��	BC � C8?�
�ADC9EB"PADC��A�ÁFIiYC=tHBC �NFIiYC9E �TC�"^r�p�=��ÈF �RC ��	 ?��ªF ���
	BC!AD=TFIH��L�K� ��	]k�" �R=tm@ABk��ÁC���jlFIC�")FIH �
	BC!iNF �RFIHBF����$=�� ��	BC =tA��ÈF �9?�j�?".NF " ��	BC+H
�
	BC!AD?�E ?�ADC9E#"dADC��A�ÈFliYC/?�H�� � C8?�
�ADC9EB"PADC��A�ÁFIiYC m@=��]C9j," � FljIjK�]FIC+j,� �
	BC "È?�mßC EÈC�"dkBj �B"Rr

� ����� �1%�	���� �1����#17��^	 � �ª���3�>	�%)#î�8�-	

<�	BCG?8j �t=TEÈF���	Bm " �NC�" �REÈF�?�C/� "P=��V?�E
?�EÁC�jlFIHBC�?�E�?�H���FlH ��	BC �tC9HBC9E ?�j��+? "PC B HÊ=TH �R=TABj ?�HD?8E)= ?�@ÈC��A��A�=tFIH��#" E �
	BC��
�N=tH�^ � �tkD?�E ?�H��ÈC9C ��	D?�� ��	BC!m�?��ÈEÁF�. �NC�"��^EÈF ?ÊFIH�� ��	BC!=TEÁFIC9H��¦?��ÈFl=TH�=�� �
	BC!= ?�@ÈC���� �çE¦?8m@C � F���	�EÈC�"dADC��A� �È= ��	ÊC
�9?8m@C9E ? �çE¦?8m@C F "ª?îEÁ= �¦?��ÈFl=TH�m�?��ÁEÈF�.�r�<�	BF,"&m�?��ÈEÁF�.-F," �ç=TEÁm@C�� ?a� �
	BC ��	BEÁC9C EÈ= � iYC/�A�È=tE#" � 1 h + 1 hD?8H��:' 1 r
<�	BC/"PC!iYC��A�Á=TE#"
?�EÁC�kÊA �Ê?��ÈC/��?���C�? �'	P" �ÁC9A�=�� ��	BC!AD=Q"dC$?8j �t=TEÈF���	Bm "&?�H � � C � ?�H�� �È= �^=Tm@ABkF�ÈCo?îEÁ= �¦?��ÈFl=THm�?��ÈEÁF�. �çEÈ=tm ��	BC�"dC ��	ÊEÈC9C!iYC��A�Á=TEB"Rr:,�H�= ��	ÊC9E � =tE#��"^h � C "PC9C*
�?$EÈ=��¦?��ÁFI=tH0m�?��ÈEÈF�. 8 � 	BF,�'	@iYC9EÁF %DC/"e@

8 ./0 � 1+ 1' 1 3 45 1 � � � � �
<�	BF "&C�.]ABEÈC�" "PFl=TH �9?�H ?DC � EÁF � �ÈC9H�? "9@ 8 � � ö �8 + � ö

�8 ' � ö �
� 	BC+EÈC�ö �&F "I��	BC ����� �R=tjIkBmßH�="� ��	BC�F,�]C9H��ÁF ���0mÞ?��ÈEÁF�.cr3<�	BCP"d=Tjlk��ÈFl=TH�F,"I�tFIiYC9H-? � ��	BC@EÁ= � ?��ÈFl=TH�m�?��ÈEÈF�.
� 	BF �*	ßm@FIHBFlm@F �9C�" �
	BC��ç=TjljI= � FIH�� �^EÈF �ÁC9EÈFl=TH�@

m@FIH�
�

� ��� � � 8 + � P ö � � �
: �



� 	BC+EÈC +C�&F,"!C9F �
	BC9E �dh + h�=TE '�r6, �!F," � C9jIj 
NHB= � H2�
	D?�� �
	BF," m@FlHBFImßF �+?��ÈFl=TH�ABEÈ=�?BjIC9m$	D?�"$?��Rjl=Q"PC/�F�W�ç=tEÈm
"d=TjIkF�ÈFI=tH<� u ��r<, H �NC9C���h
F � ��	BC3kÊH�
NHÊ= � H EÁ= � ?��ÈFl=TH F,"�EÁC9ABEÁC�"PC9H��ÈC/� ?a��?�kBHÊF �&(YkD?��ÁC9EÈHÊFI=TH <�hL�
	BC9H ��	ÊC
m@FlHBFIm-F ��?��ÈFl=TH1ABEÁ= ?BjlC9m �9?8HP?�C � EÈF����ÈC+H�? "G?N(YkD?��NE¦?��ÈF,�V�ç=tEÈm8@

mßFIH< B < 1�� < E
� 	BC+EÈC 
 F ")?T� c � "/�]m@m@C.�ÁEÈF,�8h�"PC9m@FF�NCe% HBF �ÁCYhY?�H ��AD=Q"PF��ÈFliYCªm�?��ÁEÈF�.cr�<�	BC9EÁCe�ç=TEÁCYhQ��	BC?(YkD?��ÁC9EÈHÊFI=TH < � 	ÊF,�'	m@FlHBFIm-F �+C."L�
	BF,"1(YkD? �]E¦?��ÁF,�7�ç=tEÈm F," ��	BC@C+F �TC+H�iYC����È=TE/?�"�"P=��^FX?��ÁC�� � F �
	2��	BC "Pm�?8jIjIC/" � C9F��TC9Hàit?�jlkBC@=�� � r
qGHBCGm�?��$HB=��ÈF �RCL�
	D?�� � � =!iYC��A�Á=TE#"^hYF�r C rIh��>?�H�� + ?�EÈC "Pka=P�RFlC9H�� �ç=TE �R=Tm@AÊk��ÈFlH�� ��	ÊC =TE ��	B=��T=TH ?�j>m�?��ÈEÈF�. 8 r
� � ���3���^	)�9*0�^	 � 	�� �Ú#�� � %)# �ª#178�9�3%)#!	��+���

3Y=��V?8E � CG? " "PkBm@C/�I��	D?�� �
	BC �9?�m@C+E¦?ªF," �9?�jlF ?BE ?��ÁC���h � 	BF �*	1mßC8?�H�"=��	 ?�� �
	BCªFIH��ÈEÁFIH�"dF,� �9?�m@C+E¦?ªAD?�E ?�m@C.�ÁC9E#"?8EÈCI
]HB= � H>hBFVr CYrlhvC�(�"^r B � E ?�H�� B � E rH, �ªF," � C9jIj=
]HB= � HP��	D?�� �9?8m@C9E ? �9?�jlF ?BE ?��ÈFl=TH�F," �]F = �RkBj �G?8H�� �
	D?�� ��	ÊC
�9?8m@C9E ?�AD?�E ?�m@C*�ÈC9EB"¶it?�E��ß? jI=��9r:,�H �
	BF," "dC��A�ÈFl=TH � CG?8HD?�j���"dC ��	BC "PC+H�"PF��ÈFIi]F ���!=����
	BCGA�= "PC!?8j �t=TEÈF���	Bm " ��	D?��
� C @Èk " � �NC�" �REÈF�?DC�� � F ��	�EÁC�"PADC��A� �Á=1it?�EÈF ?��ÁFI=TH " ="� ��	BC!FlH��ÁEÈFIH "PF,� �9?8m@C9E¦?!AD?�E ?�m@C*�ÈC9EB"Rr

! C �R=tH�"PF �NC9E ��	BCGC"(YkD?��ÁFI=TH "&? " "P=��RF ?��ÁC�� � F �
	N�çkBjljBADC9E#"dA�C/�A�ÈFliYCYr 
 � �R=tm ?ÊFIHBFlH���C�(�"^r B � E ?�H�� B � E � F �
	C"(�"Rr Bdu�E ?8H�� B � E � C!= ?�� ?�FlH�@ ; � BÁ:JC D � E P ; � P ; @ D � � = > � ! � � B ��� EA � BÁ:JC D � E P A � P A @ D � � =CB G ! � � B � > E

! 	BC9H(?P�9?�mßC9E¦?�F " �9?�jlF ?BE ?��ÈC/��h�EÈC+jX?��ÁFIiYC9j�� " �¦?�?BjIC-it?�jlkBC�" m�?��P?�C-= ?F�¦?�FlHBC�� �ç=TE ��	ÊCN	B=tEÈF��9=TH��¦?8j&?8H��
iYC9E �ÈF �9?�j "��9?8jIC��V? �A�Á=TEB" =CB ?�H�� = > � 	BFljIC �
	BC�Flm�?��tC �R=Y=TEB�NFIH ?��ÈC/"�=�� �
	BC-=TA��ÁF,�9?8j �^C9H��ÁC9E9h ; @ ?�H�� A @ �+?�Hit?�E
� � F �
	�kBA-�È= :];�� =�� �
	BC9FlE HB=TmßFIHD?8j�it?�jIkÊC�"Q� : � ��hO� u ��r 
 �0FlH�"PADC����ÈFIHF� �
	BC1ABEÁC9iNFl=Tk�" C"(YkD?��ÈFI=tH�" F �!F,"
C8?�"/�P�È=ßHB= �ÁF,�RC ��	D?�� ��	BC/FIH�1 kBC9H��RC!="� ; @ ?�H�� A @ F," � C9F���	��ÈC�� ?a� D �VrV2B=tE!?�Ha��= ?�@ÈC��A�GAD=TFlH������dh D ��F," ��	ÊCABEÁ=�@ÈC��A�ÁFI=tH1=�����	ÊC�iYC����È=TE ���E����=tH��Á= �
	BCG=TA��ÁF,�9?8j�?".NF "Rh��NFliNF �NC�� ?a� ��	ÊCL�e� �R=tm@AD=THBC9H���="�=��	ÊC �NF "PABj ? �RC+m@C9H��
iYC����È=TE
ºYr

,W����	ÊC&= ?�@ÈC/�A�¶F " �È=Y=?�V?�E �çEÁ=Tm ��	BC �+?�m@C9E ?Nh.�
	BC&FlH�1DkBC9H �RC&="� ;"@ ?�H�� A @ �9?�H ?�CªHÊC.�TjlC��A�ÈC/� ?Êk���=THÊCªHBC9C���"
�Á= �NC*�ÈC��A�GFImÞ?��TCoA�=tFIH��#" � F���	 �TEÈC�?��o? �.�RkÊE¦? �9�Yr?, � ��	ÊC$= ?�@ÈC/�A��F " �Á=Y=P�Rjl=Q"PC �È= ��	BC �9?�mßC9E¦?]h���	BC!FIH 1DkBC9H��^C
="� ;"@ ?8H�� A @ ?DC��R=TmßC�"V(YkBF��ÈC$j ?�E �TCYr/<�	BC9EÁCe�ç=TEÁCYh�FlH3ABE¦?��A�ÈF �RCYh���	BC1=�?�@ÈC��A� "/	B=tkBj,��?DC-?��!?P�NF " � ?�H��RC �çEÁ=Tm
�
	BC �9?8m@C9E¦? �
	D?��
F,"�EÁ=Tk��`	Bj�� > �È= :]; �ÈFlm@C�" �
	BC "PF��9C ="����	BC =�?�@ÈC��A�+r:, H ��	D?�� �9?�"PC �
	BC it?�jlkBC�"&=�� D � � FIjIj�?DC
?DC.� � C+C9H ; r : ?�H�� ; rón@?8H��:��	BC/C9EÈEÁ=TEG=TH ; @ ?�H � A @ � FljIj=?DC "��+?�jIC/�:�N= � H�?a��?7�V? ���È=TEo=�� > �Á= :�; r!<�	BC�"dCEÁC9m�?�E 
�"
?�EÁC�it?8jIF,�Ê?��ÈC/� ?a�@C�.]ADC9EÈFlm@C9H��¦?8jBEÈC�"dkBj �B"ª? "ªEÈC9AD=tE��ÈC/�ÞFlHP��	BC!HBC�.�� "PC/�A�ÈFl=TH>r

� ��� '(� %&��� ���-	��

,�H���	ÊF," "dC��A�ÈFl=TH � C " �Èk � ����	BC1ADC9E��ç=TEÁm�?�H��^C�" ="� �
	BC1F �ÁC9E¦?��ÈFIiYC � C8?�
ô?�H��3AD?�E ?�ADC9EB"PADC��A�ÁFIiYC1?8j �t=TEÈF���	Bm "Rr< � = ���]A�C/"&=���A�C+E/�ç=TEÁm�?�H �RC�"ª?�EÁC " �Èk �NFIC�� @D �
	BC1ABEÁC��RF,"dFI=tH0=��ÚAD=Q"PCß? "!?7�çkÊH��A�ÈFl=TH3="�ªAD=Q"dF �ÈFl=THà?8H��6=tEÈFlC9H�� ?��ÁFI=TH3="� �
	BC1= ?�@ÈC���� � F���	3EÈC/"PADC��A� �Á=
�
	BC �9?�mßC9E¦?!FIHP��	BC!ABEÁC�"PC+H��RC ="�)FIm�?��TC!?8H��YX+=TE �9?�m@C+E¦?�HÊ=TF,"dCYhD?�H �

:9s



D �
	BC �^=TH]iYC9E��tC9H��RC!=�� �
	BC$F��ÈC9E ?��ÈFliYC AD=Q"dC-?�j �t=TEÁF ��	ÊmP"�?�" ?7�çkBH �A�ÈFl=TH0="�
A�= "PF��ÈFI=tHà?�H��0=tEÈFlC9H�� ?��ÁFI=TH�=��
�
	BC!= ?�@ÈC���� � F ��	�EÁC�"PADC��A� �Á= ��	BC �9?8m@C9E ?Nr

,�H �
	BC�%DE#" � �Rj ? "�" ="�GC�.NADC9EÁFIm@C+H��B" B ABEÁC��RF,"dFI=tH E � C �R=Tm@A ?�EÈC �
	BC-EÈC�"dkBj �B"ã=�?��¦?8FIHBC/� � F �
	 �
	BEÈC9C-?8j �t=��
EÁF ��	ÊmP"e@ ��	BC � � =@jIFlHBC8?�EG?8j �t=TEÈF���	Bm "L�NC/"��REÁF ?DC��0?�?D=�iYC-?8H��3?@HB=THa��jlFIHBC8?8E ?8j �t=TEÈF���	Bm � : $���r ,�H���	BC "PC��R=tH��
�Rj ? " "î="�!C�.]A�C+EÈFImßC9H��B" B �R=TH]iYC9E��tC9H��RC E � C �R=TmßAD?�EÁC �
	BC:� � =�jlFIHBC8?8E-?�j��T=TEÁF �
	BmP"Rr , H ?D= ��	 �^jX? " "PC�"^h ��	ÊC
"dFIm-kBjX?��ÈC���=�?�@ÈC��A�ªF "ª? �R=THa%��TkBE ?��ÁFI=TH�=��:�ç=TkÊE�AD=TFlH��B" B �ÈC.�ÁE¦?"	BC��NEÁ=TH E h "dk��*	P�
	D?�� ��	BC ��	BEÁC9C!jIFlHBC "PC.�tm@C9H��#"
@È=tFIHBFlH�� ��	BC!EÁCe�çC9EÈC+H��RC AD=TFlH�� �Á= �
	BC!= �
	BC9E ��	ÊEÈC9C!AD=TFlH��B"ª?�EÈC/C"(YkD?�j�?�H���A�C+EÈADC9H��NF �RkBj ?�E �È=-C8?��*	@=���	BC+E9r

2B=TEªC8?��*	ßC�.NADC9EÁFIm@C+H�� � CV%M.�?$H]kBm ?DC9E)=���A�= "PF��ÈFI=tH�"ª=�� ��	BC =�?�@ÈC��A� � F���	@EÁC�"PADC��A� �Á= ��	BC �9?�m@C+E¦?$?8H��
�ç=tE�C�? �'	-"Pk��'	�AD= "PF �ÁFI=tH �
	BC�=�?�@ÈC��A� F " EÈ= � ?��ÁC���?�� :];�;�; E¦?8H��N=Tm =tEÈFlC9H�� ?��ÁFI=TH "Rr-<�	BC�"dC�C�.]ADC9EÈFlm@C9H��#"ª?8EÈC
EÁC9ADC8?��ÁC��T�ç=TE)it?�EÁFI=Tk " jlC9iYC9j "�=��>Flm�?��tCª?8H��YX9=tE �9?8m@C9E ? HB=tF,"dCYr�<�	BCGEÈ=��¦?��ÈFI=tH�mÞ?��ÈEÁF,�RC/"=�NCe%DHBFlH�� ��	BC/"PC :�;`;�;=tEÈFIC+H�� ?��ÈFl=TH�"o?�EÈC �R=tm@ABk��ÁC����çEÁ=Tm���kBjlC9E!?8H��TjlC�" �'	B=Q"dC9H ?a�3?-E¦?�H �N=Tm H]kBm ?�C+EL�tC9HBC9E ?��È=tE!FIH���	ÊC1E¦?�HF�TC
� ; 	 n��K��r�<�	ÊC�AD= "PF �ÁFI=tH�="��?�H�= ?�@ÈC/�A� � F���	�EÈC�"dADC��A� �Á= ��	BC �9?�m@C+E¦? F," �NC�"��^EÈF ?DC�� ? � ��	BC �ÈE¦?8H�"Pj ?��ÁFI=TH�iYC����È=TE
�çEÁ=Tm �
	BC �RC9H��ÈC+E&=���ABEÁ=�@ÈC��A�ÁFI=THß=�� �
	BC �9?8m@C9E¦? �È= �
	BC!=TEÈF��TFlH�="� �
	BC!= ?�@ÈC���� �çE¦?8m@CYr �0=TEÈC (vkD?8H��ÁF � ?��ÈFliYC9j�� h
� C �R=Tm@AÊk��ÈC ��	ÊC1C9EÈEÁ=TE ?DC.� � C+C9H���	BC �
	BC9=tEÈC.�ÁF,�9?8j¶AD=Q"dC@?8H��:��	ÊC1A�= "PC �R=TmßABk��ÈC/� ?a�3?�Hà?8j �t=TEÈF���	Bmôr12 =tE
C8?��*	ðAD=Q"PF��ÈFl=TH � C0ABjl= � ��	BCô?9iYC9E¦?��TC0="� ��	ÊF,"1C9EÈEÁ=TE-=�iYC+E-?�jIj ��	ÊC :�;`;�; =tEÈFlC9H�� ?��ÁFI=TH "Rr <�	BC0AD= "PC3C9EÁEÈ=TEB"?8EÈC�@-=TEÈFlC9H��¦?��ÁFI=tHòC+EÈEÈ=tE-?�H���AD=Q"dF �ÁFI=TH�C9EÁEÈ=tE9r�<�	ÊC�=tEÈFlC9H�� ?��ÁFI=TH�C9EÁEÈ=tE1F,"I�]Ce%DHBC���?�"I��	BC�EÈ=��¦?��ÈFI=tHð?�H��tjIC
FlH-�NC.�TEÁC9C�"ªEÈC"(YkBFlEÈC��P�È=�?�jlF �TH��
	BC �R=Y=tE#�NFlHD?��ÁC "/�F" �ÈC+m;=�� �
	BC1= ?�@ÈC���� FIH�F �#" �R=Tm@AÊk��ÈC���=TEÁFIC9H��¦?��ÈFI=tH � F �
	
�
	BC �R=Y=tE#�NFlHD?��ÁC "/�F" �ÁC9m =�� �
	BC1= ?�@ÈC����ªFIH0F��#" ��	BC+=TEÈC*�ÈF,�+?�j�=TEÈFlC9H��¦?��ÁFI=tH>rG<�	BC$AD=Q"dF �ÁFI=TH3C+EÈEÈ=tE F," �NCe% HBC��0?�"
�
	BC@HB=tEÈm =�� ��	BC-iYC��A�Á=TE � 	ÊF,�'	�EÁC9ABEÈC/"PC9H��#" ��	BC �NF��cC9EÁC9H��RC ?DC.� � C9C+H2��	BC � � =:�ÁE¦?�H "PjX?��ÈFl=TH�iYC����È=TEB"e@ ��	ÊC
�R=tm@ABk��ÁC��@=THBC-?8H�����	BC ��	BC9=tEÈC.�ÁF,�9?8j¶=tHBCYh=�]FIi]F,�NC��P? �P�
	BC$HB=tEÈm�=�� ��	BC "dC��R=tH��0iYC��A�Á=TE9ro<�	BC�	B=tEÈF �+=TH��¦?�j
�R=Y=tE#�NFlHD?��ÁC�"�="�G?8jIj ��	BC��ç=TjljI= � FIHF��AÊjI= �B" EÈC9ABEÁC�"PC+H��B"L��	BC �e� �R=TmßA�=tHBC9H�� =�� �
	BC �ÈE¦?8H�"Pj ?��ÁFI=TH(iYC��A�È=tE "��+?�jIC/�
?a� ��	ÊC�=�?�@ÈC��A� "PF �+CYr

2¶F��TkBEÁCI$ "�	B= � " �
	BC!it?�EÈF ?��ÁFI=TH�="� �
	BC!C9EÈEÁ=TEªFIH�=tEÈFIC+H�� ?��ÈFl=TH@FlHP��	BC!ABEÁC�"PC9H �RC =���FImÞ?��TC �Y?�k "�"PF ?�H�HB=TF "PC
?�"�?U�çkBH �A�ÈFl=TH =�� �
	BC3E¦?��ÈFl= ?DC.� � C9C9H ��	ÊC-�NF," �¦?�H �RC �Á=N��	BC-�9?8m@C9E ?�?8H�� ��	ÊC3= ?�@ÈC��A� "PF �+CYh � 	BC9EÈC-��	ÊC
=�?�@ÈC��A� "dF �9C�	D?�" ?DC9C9H8%M.]C��:�È=ô?P�R=TH�" �¦?8H��/iT?8jIkBC r�<�	ÊC �
	BEÈC9C �^kBEÈiYC�"GFIH���	ÊF,"V%��TkÊEÈC �R=TEÁEÈC�"dA�=tH�� �Á=:��	ÊC
F��ÈC9E ?��ÈFliYC1AD?�E ?�ADC9EB"PADC��A�ÁFIiYC�?8j �T=tEÈF���	Bm B "d=TjIF ��jIFlHBC E h ��	ÊC@F �ÁC9E¦?��ÈFIiYC-AD?8E¦?�ADC9EB"PADC��A�ÁFIiYCß?�j��T=TEÁF �
	Bm � F �
	2��	ÊC
=tE���	Ê= �T=tHD?�j �R=TH " �ÈE ?�FlH�� �]C�"��REÁF ?DC��!FIH 3YC����ÈFI=tH uIB �]= ���ÁC��$jIFlHBC E ?�H�� �È= ��	BCªHB=tH �VjIFIHÊC8?�E)?8j �t=TEÈF���	Bm �NC�" �REÈF�?�C/�
FlH � : $�� B �B?�"/	BC�� E r@<�	ÊC1F �ÈC+E¦?��ÁFIiYC � C8?�
3A�C+E#"PADC����ÈFIiYC�?�j��T=TEÁF �
	Bm �NFlC9j,�F" ?P�RkBEÈiYC �
	D?��!F "�F,�NC+H��ÁF,�9?8j �È=P��	ÊC
AD?8E¦?8A�C+E#"PADC����ÈFIiYCª=tHBCYr:2¶F��TkBEÁC u "/	B= � " ��	BCªit?8EÈFX?��ÈFl=TH-=��=�
	BCªEÈC+jX?��ÁFIiYC
C9EÈEÁ=TE)FIH1AD=Q"dF �ÁFI=TH-FIH �
	BCªABEÁC�"PC9H �RCª=��Flm�?��tC �Y?8k�"�"dFX?�H�HB=TF "PC�? "G?T�çkBH��A�ÁFI=TH�="� ��	BC!E ?��ÈFl= ?DC.� � C9C9HP�
	BC �NF," �¦?�H �RC �È= ��	ÊCI�+?�m@C9E ?$?8H�� �
	BC!= ?�@ÈC��A�
"dF �9CYrà<�	BC "P=TjlF,��jIFlHBC �R=TEÁEÈC�"dA�=tH���" �È=��
	BC�F �ÈC+E¦?��ÁFIiYC � C8?�
�?8H���AD?�E ?�ADC9EB"PADC��A�ÁFIiYC�?8j �T=tEÈF���	BmP" B F �NC9H��ÈF,�+?�j
?DC�	D?9i]FI=tkBE E ?8H�����	BC �B?�"/	BC/�6jlFIHBC �R=TEÁEÈC�"dA�=tH���" �È=P��	BC1HÊ=TH �VjIFlHBC8?�Eã?�j �t=TEÁF ��	Êm3r1,�H�?�=���	N�+? "PC/" B 2¶F��TkBEÁC $?8H��U2�F �TkÊEÈC u�E �
	BC�Flm�?��tC �B?��¦? 	D?�" ?DC9C9H3ADC9E �ÈkBE ?�C/� � F���	-�Y?�k "�"PF ?�H�HÊ=TF,"dC � F���	à?P" � ?�H��Ê?�E#� �NC9i]FX?��ÁFI=tH
C"(YkD?8j=�È= : ABF�.]C9j�r

2¶F��TkBEÁC � "/	Ê= � " ��	BCGit?�EÁFX?��ÁFI=tH@=�� ��	BCGC9EÈEÁ=TE)FIH-=TEÁFIC9H��¦?��ÈFl=THß? "&?��çkBH��A�ÁFI=tH�="�=��	ÊC �NF " � ?�H��RC �È= ��	BC �+?�mN�
C9E ? "��9?8jIC�� ? � �
	BC =�?�@ÈC��A� "dF �9CYr�<�	BC �NF �cC9EÈC9H �RC ?DC.� � C9C9H �
	BF,">%��TkÊEÈCo?�H�� 2�F �TkÊEÈC $�F," �
	D?��O	BC9EÈC � Co? �F�NC��kBHÊF �ç=TEÁm@j�� �NF " �ÈEÁF ?BkF�ÈC���HB=tF,"PC �È=-��	BC�FIH��ÈEÁFIH�"dF,� �9?8m@C9E ?0AD?�E ?�m@C.�ÁC9E#"^r�po?�m@C9j�� �
	BC��^=Y=TE#�]FIHD?��ÈC�"1=�� ��	ÊC
=tA��ÈF �9?�j�?".NF " FlH �
	BC$Flm�?��tCV�çE¦?8m@C � C9EÁC ADC9E��ÁkBE�?DC�� � F���	�kBHBF5�ç=TEÁm HÊ=TF,"dC!FIH:�
	BC!FIH��ÈC9EÁit?�jO� P/: > � 	HC/: > � ��r<�	BC ?DC�	D?9i]FI=tkBEª=�� ��	BC!F��ÈC9E ?��ÈFliYC�A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC$?8j �t=TEÈF���	Bm B "P=tjIF ��jIFlHBC E F " ��	BC!=tHBC!ABEÈC��]F,�A�ÁC�� ?a��C"(YkD?��
�ÁFI=TH " B �"� E ?�H�� B � > E � ��	ÊC�C2�cC�����="��?�H@FlHD? �^kBE¦?��ÈC �RC9H��ÈC9E)=���AÊEÈ=�@ÈC����ÈFI=tH�it?8HBF,"�	BC�")? " �
	BC�=�?�@ÈC��A�)F," �V?8E���	ÊC9E? � ?��N�çEÁ=Tm �
	BC �+?�m@C9E ?Nr 2 =tE "�	B=TE � �]F," � ?�H��^C�" ��	BC/HB=THa��jlFIHBC8?8EG?�j��T=TEÁF �
	Bm B �B?�"/	BC���jIFlHBC E F "&m@=TEÁC!? �^kBE¦?��ÈC
�
	D?�H ��	BC!F �ÁC9E¦?��ÈFliYC�AD?8E¦?8A�C+E#"PADC����ÈFIiYC/?8j �T=tEÈF���	Bm3r

n ;



2¶F��TkBEÁC $ @ � EÁEÈ=tE�FlH�=tEÈFlC9H�� ?��ÁFI=TH�?�"�?T�çkBH �A�ÈFl=TH0="� �]C9A���	�FIHP��	ÊC�AÊEÈC�"dC9H��RC ="�)FImÞ?��TC �Y?�k "�"PF ?�H3HB=tF,"dCYr)<�	BC
"d=TjIF �îjlFIHBC �R=TEÁEÈC�"dAD=TH���" �È= ��	BCªF��ÈC9E ?��ÈFliYC&AD?8E¦?8A�C+E#"PADC����ÈFIiYCo?�j��T=tEÈF �
	Bm3h �
	BC �N=����ÈC/��jIFlHBC �R=tEÈEÁC�"PAD=TH ��" �Á=I��	ÊC
F��ÈC9E ?��ÈFliYC AD?8E¦?�ADC9EB"PADC��A�ÁFIiYC�?�j �t=TEÁF ��	Êm �^=Tm ?BFIHBC/� � F �
	 �
	BC$=tE��
	B= �t=THD?8j �^=TH�" �ÈE¦?8FIH��9hc?�H��P��	BC �B? "�	BC��0jlFIHBC
�R=tEÈEÁC�"PAD=TH ��" �Á=@?1HB=tH�jlFIHBC�?�EG?�j��T=tEÈF �
	Bm3r

2¶F��TkBEÁC u @ ��EÈEÁ=TE$FlH�AD= "PF �ÁFI=tH�? "/?��çkBH����ÈFI=tH�=�� �NC9A��
	�FIH-��	ÊC�ABEÁC�"PC+H��RC-=��GFImÞ?��TC � ?�k�" "PF ?�H�HB=TF "PCYrß<�	BC
F��ÈC9E ?��ÈFliYC � C�?�
�?�H��0A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC$?8j �t=TEÈF���	Bm "J	D?9iYC ��	ÊC "È?8m@C ?DC�	D?9iNFl=TkBE B "d=TjlF,��jlFIHBC E � 	BFIjlC �
	BC$HÊ=THjlFIHBC8?8Eª?8j �T=tEÈF���	Bm B �Ê? "/	ÊC��@jIFIHÊC E ADC9E��ç=TEÈm " "PjIF���	��Èj�� ?DC.� �ÈC9E+r

n :



,W� � C �R=tm ?BFlHBC �+?�m@C9E ?îHÊ=TF,"dC@?8H��3FIm�?��TC$HÊ=TF,"dCYh=��	BC+H � C1= ?�� ?�FIH-� � =@=���	BC+EI�^kBEÈiYC�" "/	B= � Hà=TH 2¶F �"�
kBEÁC s r��GHBF �ç=tEÈm ABF�.]C9j>HB=tF,"dC$FIH ��	BC/FIH��ÈC9EÁit?�jO� P ; � > 	VC ; � > � 	D? " ?�C+C9H3?����NC��P�È= �
	BC �B?��¦?]r <�	BC/F �ÈC+E¦?��ÁFIiYC
AD?8E¦?8A�C+E#"PADC����ÈFIiYCã?�j �t=TEÁF ��	Êm B "d=TjIF ��jIFlHBC E 	D?�"�?!m@FIHBFlm�kÊm �ç=tEG? �NF," �¦?8H��RC�X/"PF �+C�E ?��ÈFl=1C"(YkD?�j �È= :�; r&<�	ÊF,"&F,"
�R=tH�"PF " �ÁC9H�� � F ��	��
	BC ��	ÊC9=TEÁC.�ÈF �9?�j�ABEÈC/�NF,�A�ÁFI=tH�" ="��3YC/�A�ÈFl=TH � r ! C �R=TH��^jIk��NC ��	D?�� ��	BC1=tA��ÈFlm�?�j=?DC�	D?9i]FI=tkBE="� ��	ÊC1F �ÈC+E¦?��ÁFIiYC!AD=Q"dC@?8j �T=tEÈF���	BmP"G=��.�RkBE � 	BC9H��
	BC �NF " �¦?8H��RC ?DC.� � C+C9H���	BC1=�?�@ÈC��A�!?8H�����	BC �9?8m@C9E ?îF " >
�Á= :]; �ÈFlm@C�" �
	BC "dF �9C!="� �
	BC$=�?�@ÈC��A�+rH,�H:��	ÊC�AÊEÈC�"dC9H��RC/=�� ?D= �
	-�9?�mßC9E¦?$HB=tF,"dC1?�H ��FImÞ?��TC!HB=tF,"dCYh6�
	BC$HÊ=TH
jlFIHBC8?8Eª?8j �T=tEÈF���	Bm B �Ê? "/	ÊC��@jIFIHÊC E ADC9E��ç=TEÈm " ?�C*���ÈC+E ��	D?8H:��	ÊC�jlFIHBC�?�Eª?8j �t=TEÈF���	Bmôr

2¶F��TkBEÁC � @ ��EÈEÁ=TE-FIHð=TEÈFlC9H��¦?��ÁFI=tH�?�"�?8�çkBH��A�ÁFI=TH�="� �NC9A��
	�FlH �
	BC0AÊEÈC�"dC9H��RC�=�� �9?�m@C+E¦?0kBHBF5�ç=TEÁm HB=TF "PCYr
<�	BC ?�C]	D?9iNFl=TkBE)=����
	BC F��ÈC9E ?��ÈFliYCªAD?�E ?�ADC9EB"PADC��A�ÁFIiYCo?�j �t=TEÁF ��	Êm B "P=TjlF,�1jIFlHBC E F," �R=tm@AD?�EÁC�� � F ��	Þ?�HB=tH@jIFlHBC8?�E?8j �T=tEÈF���	Bm B �B? "�	BC���jIFIHÊC E r

! C �R=tm@AD?�EÁC!HB= � m@=TEÁC ��	B=tEÈ=TkF��	Bj��:��	ÊCI� � =-F �ÁC9E¦?��ÈFIiYCoA�= "PC-?8j �T=tEÈF���	BmP"^rH�0=TEÁC!ABEÈC��^F,"PC+j�� � CI" �Èk��a�
�
	BC �R=TH]iYC9E �TC9H��^C�="� ��	BC�"dC-?�j��T=TEÁF �
	BmP"Rr ! C1ADC9E��ç=TEÁm@C�� ��	BC �ç=tjIjl= � FlH�� 
]FIH��F" ="�ªC�.]ADC9EÈFlm@C9H��#"RrÚ<�	BC %DE#" �

]FIH���F,"1m@C8?8H�� �Á=N�R=TmßAD?�EÁC �
	BC3H]kBm ?DC9E1="�!F �ÁC9E¦?��ÈFl=TH�"�HÊC9C��NC��N? ��C8?��*	ð=THBC�=�� ��	ÊC�"PCô?�j �t=TEÁF ��	ÊmP" �Á=
�R=tHNiYC+E��TC �È= ��	BC ��	BC9=tEÈC.�ÁF,�9?8j="d=TjIkF�ÈFI=tH>rH,�H�=TEB�NC9E �È= �¦?�
YC!FlH��Á=-? �.�R=tkBH�� ��	BC/C2�cC��A�ª=�� ��	BC!= � "dC.�J�çEÁ=Tm ��	ÊC
=tA��ÈF �9?�jÚ?�.]F,"Rh � CP�R=tH�" �ÁE¦?�FlHN��	BC@=tEÈF��TFIH�="� ��	BC�= ?�@ÈC/�A�T�çE ?�m@C �È=�?DC9jl=TH����Á=3?4%M.]C���jlFIHBC@="� "dF �`	��+r3<�	BC
=�?�@ÈC��A� = �="dC.� �9?�H3HÊ= � ?DC �NCe%DHBC/�3? " ��	BC-?8H��TjlC ?DC.� � C9C9H��
	BF,"GjIFIHÊC$=�� "dF ��	��!?8H�� �
	BC1=TAF�ÈF,�+?�j)?".NF "RrI2 =tE
C8?��*	 "Pk �*	-= � "PC*�G?�H��7�ç=tE&C8?��*	-AD=Q"dF �ÈFl=TH B �NC9A��
	 E � C�E ?�H��]=Tm@j�� "PC+jIC��A�ÁC�� :�;`;�; �NF��cC9EÁC9H���=TEÁFIC9H��¦?��ÈFI=tH�"&?8H��
� C1EÈkBH�?D= �
	�?�j��T=tEÈF �
	BmP"��ç=TE!C8?��*	-"dk��*	3AD= "PF �ÁFI=tH�?8H��6=tEÈFlC9H�� ?��ÁFI=TH�r ! C1ABjI=�� ��	BC-?9iYC9E ?��TC1it?8jIkBC1="� ��	ÊCH]kBm ?�C+E�="�)F �ÁC9E¦?��ÈFl=TH�"&=8iYC9EÚ?�jIj=�
	BC :�;`;�; E ?�H��N=tm =TEÈFlC9H��¦?��ÁFI=tH�"Rr

2¶F��TkBEÁC�" :�; ?8H�� :T: "�	B= � ��	BC-H]kBm ?DC9EG=��ÚF �ÁC9E¦?��ÈFI=tH�"!? "/?R�çkÊH��A�ÈFl=THà=�� �NC9A��
	 �om@=TEÁC$ABEÁC��RF "PC9j��Yh ��	ÊC
�NF " � ?�H��RC��çEÁ=Tm �
	BCª= ?�@ÈC���� �È= ��	ÊC �9?8m@C9E ?L" �9?�jlC��I? � �
	BCª= ?�@ÈC/�A� "PF��9CYr�<�	BCªjIFlHBC�" � F���	 "�(YkD?8EÈC�" �R=tEÈEÈC/"PAD=TH��
�Á= �
	BC � C8?�
0ADC9E#"dADC��A�ÈFliYC-?�j��T=TEÁF �
	Bm3h �
	BC1jIFlHBC�" � F���	-�ÈEÈF ?�H��tjIC�" �R=TEÁEÈC�"dA�=tH�� �Á= �
	BC-AD?�E ?�ADC9E#"dADC��A�ÈFliYC-?�j5�
�t=TEÈF���	Bmôr3<�	BC�"dCN%��TkÊEÈC�" �R=tEÈEÁC�"PAD=TH �áEÁC�"PADC����ÈFIiYC+j��:�Á=�� � =0= � "PC.�B"Rh
n ���1?8H��N� ; �9ráqGH�?8Hð?�iYC+E¦?��tCYh ��	ÊCAD?8E¦?8A�C+E#"PADC����ÈFIiYC/?8j �T=tEÈF���	Bm �^=TH]iYC9E��tC�"&n �È= �I�ÈFlm@C�" �V?�" �ÁC9E ��	D?8H:�
	BC � C8?�
@ADC9E#"dA�C/�A�ÈFliYC!?�j��T=TEÁF �
	Bm3r

nTn



2¶F��TkBEÁC s @ ��EÈEÁ=TEªFIH�=tEÈFIC+H�� ?��ÈFl=TH�?�"�?T�çkÊH��A�ÈFl=TH�=�� �NC9AF��	�FIH �
	BC!ABEÈC/"PC9H��^C =�� �9?�mßC9E¦?/?�H��@FImÞ?��TCokBHBF �ç=tEÈmHB=tF,"dCYr0<�	ÊC�F��ÈC9E ?��ÈFliYC1AD?�E ?�ADC9EB"PADC��A�ÁFIiYC�?8j �T=tEÈF���	Bm B "P=TjlF,��jlFIHBC E 	 ? "$?P?DC�	D?9iNFl=TkBE ��	D?�� �NF �cC9E#"��çEÈ=Tm ��	ÊC
HB=tH �VjIFIHÊC8?�EG?8j �T=tEÈF���	Bm B �B? "�	BC���jIFIHÊC E r

<�	BC "dC��R=TH �:
NFlH��0F,"�mßC8?�H�� �È= �R=tm@AD?�EÁC ��	BC1E ?��ÈC1="� �R=tHNiYC+E��TC+H��RC!=��
C8?��*	3=tHBC1=�� ��	BC�"dC1?8j �T=tEÈF���	BmP"
�ç=tE "Pm�?8jIj �NF," �¦?8H��RC�X/"PF �+C$E¦?��ÈFl=Q"Rr 2¶F �tkBEÈC�" : n�?�H�� : �P"�	B= � �
	BC1ADC9E#�^C9H�� ?��tC1=�� �
	BC �^=TH]iYC9E��tC9H��RC/=�� ?D=���	
?8j �T=tEÈF���	BmP"!?�"$?4�çkBH����ÈFI=tH�="� �NC9A��
	>r�<�	BC�"PCQ%��TkBEÁC�" �R=tEÈEÈC/"PAD=TH��àEÈC�"dA�C/�A�ÈFliYC9j�� �È=:� � =0= � "dC.�#"^h � ; �1?8H��
� > �9r � " " �Èk��]FIC���?�?D=8iYC0FlHN��	BC�AD?�ADC9E+h ��	BC � C8?�
�ADC9E#"dADC��A�ÈFliYC�?�j��T=tEÈF �
	Bm 	D? "-?�Hð=TA��ÁFIm�?8j ?DC�	D?9i]FI=tkBE
� 	BC+H �
	BC@=�?�@ÈC��A�$F "$C9F �
	BC9EI(YkBF �ÁCN�V?�E �çEÁ=Tm �
	BCP�9?8m@C9E¦?�=TE �Rjl=Q"dC �È=��
	BC@=TAF�ÈF,�+?�jG?�.]F,"^r[, HN�
	BC9=TE
�Yh ��	ÊC
AD?8E¦?8A�C+E#"PADC����ÈFIiYCG?8j �t=TEÈF���	Bm �]=YC�"�HB=�� "dk��cC9E>�çEÈ=Tm �
	BCG= � "PC.�)jlFIm@F��¦?��ÁFI=tH�" B "PC9CH%��tkBEÈC�" :]; h :t: h : n$?8H�� : � E r
2B=TEGC�.Ê?�m@AÊjIC B 2¶F��TkBEÁC : � E h � 	BC9HP��	ÊC �NF " �¦?8H��RC��çEÈ=tm ��	BC!= ?�@ÈC/�A� �È= �
	BC �9?�mßC9E¦?!F," : r � �ÈFlm@C�" ��	BC "PF��9C!=��
�
	BC�=�?�@ÈC��A�+h ��	BCGAD?8E¦?�ADC9EB"PADC��A�ÁFIiYCG?8j �T=tEÈF���	Bm-	D?�"&?8j � ?��F" �R=TH]iYC9E��tC�� B "d=TjlF,�1jIFIHÊC � F ��	 �ÈEÁFX?8H��TjlC�" E � 	BFljIC ��	ÊC
� C8?�
@ADC9EB"PADC��A�ÁFIiYC!?8j �t=TEÈF���	Bm 	D? " �R=TH]iYC9E �TC���=tHBj��ßFIH u $ � =�� ��	BC �R=tH %��TkÊE¦?��ÁFI=tH�"Rr

��� ��� #�� '�7+���

<�	BC
F �ÁC9E¦?��ÈFIiYC ?�j �t=TEÁF ��	ÊmP"�ABEÈ=tAD=Q"PC/�$FIHI�
	BF,"�A ?�ADC9E>	D?9iYC ?DC9C9H�?�ABABjlFIC�� �Á= ?�H]kBm ?DC9E�="�DFIm�?��TC�"^r 2 =tE¶C].B?8mN�
ABjlCYh�2¶F��TkBEÁC : � "/	Ê= � " �
	BCªFIm�?��TC
=���?GA�=tj��a	BC��NE ?�jD= ?�@ÈC/�A� �Á= ?�CGjI=��+?��ÈC/� B �È=tA �VjICe�;� E ?�H��1F �B" � FIEÁCe�çE¦?8m@C)EÈC9Aa�EÁC�"PC9H��¦?��ÈFl=TH B �È=tA �VEÈF �`	�� E � 	B=Q"dC AD=Q"PF��ÈFl=THß?�H���=tEÈFlC9H�� ?��ÁFI=TH � F �
	�EÁC�"PADC���� �È= ��	BC �9?�mßC9E¦?H	D? " ?DC9C9H-EÈ=TkF��	Bj��
	a�NAD=���	BC�"dF �9C/��r 
 =���	 ��	BCGFIm�?��TCG?8H�� ��	ÊC�m@=��]C9jD?�EÁC �]C�"��REÁF ?DC�� ? �-? HBC*� � =TE 
1=�� " �ÁE¦?8F ��	��)jIFlHBC�")?�H�� @ÈkBH��'�
�ÁFI=TH " � 	BF �*	�?8EÈC!m�?��B�*	ÊC���k�"dFIH��ß?îmßC.��	B=��P"dFIm@FljX?�E �Á= �
	BC$=tHBC �NC/"��REÁF ?DC��@FIH � s ��r � "PFlH�� ��	ÊF," �ÈC��'	BHBF)(vkBC h
:]; @ÈkBH��A�ÁFI=TH " � C+EÈC �R=tEÈEÁC��A�Èj��1m�?��B�*	ÊC�� B m@F ���NjlC E r�<�	BCV% E#" �ªF��ÈC9E ?��ÁFI=TH-=�� ��	ÊC!?�j��T=TEÁF �
	Bm �ç=tkBH���? �ÈA ?�E¦?8A �
C9EB"PADC��A�ÁFIiYC AD= "PC�� B ?D= ���Á=TmN�VjIC9�;� E r �J�;�ÁC9E�=tHBj�� ��	BEÁC9C$F��ÈC9E ?��ÈFl=TH�" �
	BC1?8j �t=TEÈF���	Bm �R=tEÈEÁC��A�Èj�� �]C.�ÈC9EÁm@FIHÊC�� ��	ÊC
AD=Q"dF �ÁFI=THô?�H���=TEÁFIC9H��¦?��ÈFI=tH�=�� ��	BC!AD=Tj�� 	BC/�NE¦?8j>= ?�@ÈC��A� � F���	�EÈC/"PADC��A� �Á= �
	BC �9?�m@C+E¦? B ?D= ���Á=TmN�VEÈF���	�� E r
<�	BC "PC/�R=TH���C�.Ê?�mßABjICYh>FVr CYrlh 2�F �TkÊEÈC : > FljIjIk " �ÈE ?��ÁC�"$?�"dF �Èk ?��ÈFl=TH � 	BC9EÁC@=THÊj�� � @ÈkBH �A�ÈFl=TH�" 	D?9iYC ?DC9C+H

n �



2¶F��TkBEÁC :]; @ 3 A�C+C�� ="� �R=tHNiYC+E��TC+H��RCà? "�?U�çkBH��A�ÁFI=TH =�� �]C9A���	�h ��	BCà= � "PC*�0F,"@C"(YkD?8j �È= n ��� B �ÁEÈFX?8H��TjlC�"e@AD?8E¦?8A�C+E#"PADC����ÈFIiYC h�"�(YkD?8EÈC�"9@ � C8?�
@ADC9EB"PADC��A�ÁFIiYC E r

2¶F��TkBEÁC :t: @ 3 A�C+C�� ="� �R=tHNiYC+E��TC+H��RCà? "�?U�çkBH��A�ÁFI=TH =�� �]C9A���	�h ��	BCà= � "PC*�0F,"@C"(YkD?8j �È= � ; � B �ÁEÈFX?8H��TjlC�"e@AD?8E¦?8A�C+E#"PADC����ÈFIiYC h�"�(YkD?8EÈC�"9@ � C8?�
@ADC9EB"PADC��A�ÁFIiYC E r

n��



2¶F��TkBEÁC : n @O�G?��ÈC!="� �R=TH]iYC9E �TC9H��^C!? "G? �çkÊH��A�ÈFl=TH�=�� �NC9A��
	>h���	BC!= �="dC.�GF,"&C"(YkD?�j=�Á= � ; � B �ÁEÈFX?8H��TjlC�"e@�A ?�E¦?8A �C9EB"PADC��A�ÁFIiYCYh�"
(vkD?8EÈC�"9@ � C8?�
-ADC9E#"dADC��A�ÈFliYC E r

2¶F��TkBEÁC : � @O�G?��ÈC!="� �R=TH]iYC9E �TC9H��^C!? "G? �çkÊH��A�ÈFl=TH�=�� �NC9A��
	>h���	BC!= �="dC.�GF,"&C"(YkD?�j=�Á= � > � B �ÁEÈFX?8H��TjlC�"e@�A ?�E¦?8A �C9EB"PADC��A�ÁFIiYCYh�"
(vkD?8EÈC�"9@ � C8?�
-ADC9E#"dADC��A�ÈFliYC E r

n >



m�?��#�'	BC�� �R=tEÈEÈC/"PAD=TH��]FIH�� �È= �R=TABj ?�HD?8E)m@=��NC9jYiYC9E �ÈF �RC�" B �È=tA E r�<�	BC�%DEB" ��F��ÈC9E ?��ÈFl=TH �ç=tkBH��1?�Hß?�AÊABEÈ=".]FIm�?��ÈC��AD=Q"dC B ?D= � �È=tmN��jlCe�;� E ?8H��$?��;�ÈC9E �ªF �ÈC+E¦?��ÁFI=tH�"8�
	BCª?8j �t=TE��ÁF�	Bm �R=TH]iYC9E��tC�� �È= �
	BC �R=TEÁEÈC����¶AD=Q"dC B ?�=����Á=TmN�VEÈF���	�� E r
,�H ?D= �
	@C�.Ê?�m@ABjlC�" �
	BC F �ÁC9E¦?��ÈFliYC&AD?8E¦?�ADC9EB"PADC��A�ÁFIiYC!?8j �t=TEÈF���	Bm �^=TH]iYC9E��tC���?��;�ÈC9E ; �°u c :�; 	 � "PC��R=tH���")=TH? 3YkBHKX`3YAD?8E#� :]; r
<�	BC-��	BFlE#� C�.Ê?�m@ABjlC0FljIjIk " �ÈE ?��ÁC�" ��	ÊC ?DC�	D?9i]FI=tkBE�=�� ��	ÊC�jlFIHBC8?8E�?�H �æHB=TH jIFIHÊC8?�E�?8j �t=TEÈF���	Bm � F���	 �

�R=tABjX?8HD?�Eo= ?�@ÈC��A�GAD=TFlH��B"Rh�CYr �BrlhK2¶F��TkBEÁC : $@?8H��3<�?�?BjlC : r�� "�=tHBC1m�?��@C8?�"PFlj���HB= �ÁF,�RC h6�
	BC$F��ÈC9E ?��ÈFliYC!AD?�E ?��ADC9EB"PADC��A�ÁFIiYC�?�j��T=TEÁF �
	Bm F," �V? " �ÁC9E B ?D= �
	 FIH)�ÁC9EÈm ="�!HNkÊm ?DC9E1="�!F �ÁC9E¦?��ÈFI=tH�"-?�H�� C � � �ÁFIm@C E ��	 ?�H ��	ÊC
F��ÈC9E ?��ÈFliYC � C8?�
3ADC9E#"dA�C/�A�ÈFliYC@?8j �T=tEÈF���	Bm3rß<�	BC@HB=tH �VjIFIHÊC8?�E�?�j �t=TEÁF ��	Êm � ? "$FlHBF �ÁFX?8jIF �+C�� � F���	2�
	BC "d=Tjlk��ÈFl=TH
=�?��¦?8FIHBC��2?a��k "PFIHF�à?0AD?�E ?�ADC9E#"dADC��A�ÈFliYC�m@=��NC9jVh¶F�r CYrIh=�
	BC�A�= "PC �R=tm@ABk��ÁC���?�� �
	BCN%DEB" �1F��ÈC9E ?��ÈFl=TH�=�� ��	ÊC
F��ÈC9E ?��ÈFliYC�A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC$?8j �t=TEÈF���	Bmôr

�0C.�
	B=�� p�kBm ?�C+E�="�)F �ÁC9E¦?��ÈFl=TH�" C � � �ÁFIm@C B mP" E
, �+r � C�?�
@ADC9EB"PA>r :]; �Êr �
, �9r�A ?�E¦?8ADC9E#"dA>r > n]r sp�=TH�jlFIHBC8?8E s]: $ > r �

<�?�?BjlC : @M� �R=Tm@A ?�EÈF "P=tH�="� ��	ÊC�ADC9E��ç=TEÁm�?�H��^C�="� ��	ÊC �
	BEÈC+C1?�j��T=tEÈF �
	BmP"^r&<�	BC �R=tm@ABk��ÁC9E ?DC9FIHF��k�"dC��@F,"G?
3YkÊH 3 AD?�EB� :�; X > : r
<�	BC �ç=TkÊE���	�C�.Ê?�mßABjIC1FljIjIk " �ÈE ?��ÁC�" �
	BC ?DC�	D?9i]FI=TkÊE1=�� ��	BC@F��ÈC9E ?��ÁFIiYC-AD?�E ?�ADC9E#"dADC��A�ÈFliYC�?�H �áHÊ=TH�jIFlHBC8?�E

?8j �T=tEÈF���	BmP"o? "!?7�çkBH����ÈFI=tH�="� ��	BC-HNkÊm ?DC9Eª="�ªAD=TFlH�� �R=tEÈEÈC/"PAD=TH��]C9H��RC�"^r�� "�FlH���	BC1AÊEÈC9i]FI=tk�"�C�.]ADC9EÈFlm@C9H��
� C3?�EÁC3FIH��ÈC9EÁC�" �ÁC�� ?a�)�
	BC�"dADC9C���=�� �R=TH]iYC9E �TC9H��^C�="� ��	BCà?8j �T=tEÈF���	Bm ?�H�� ? �N�
	BC-�R=TmßABk��¦?��ÈFl=TH)�ÁFIm@C r
2¶F��TkBEÁC :8u �VjICe�;� "�	B= � " ��	ÊC�Flm�?��tC3=��ß?)" �RC9HBCà?8H�� :t: AD=TFlH��B" ��	 ?����^=TEÈEÁC�"PAD=tH�� �È= ��	BCàiYC9E �ÈF,�^C�"î="�ß?
AD=Tj�� 	ÊC��NE¦?8j¶=�?�@ÈC��A�+rH2¶F �tkBEÈC :�u ��EÁF ��	�� "�	B= � "L��	BC/AD=Q"PC1�ç=TkBH �4�ç=TE �
	BF,"ª= ?�@ÈC����ªk�"PFlH�� ��	ÊC�"PC :T: A�=tFIH��#" ?8H��
�
	BC!F �ÈC+E¦?��ÁFIiYCGAD?�E ?�ADC9EB"PADC��A�ÁFIiYC/?�j��T=TEÁF �
	Bm3r
<�?�?BjlC$n "PkÊm@m�?�EÁF �9C/" ��	BC!EÁC�"PkBj��#"&=�?��¦?8FIHBC�� � F �
	0?$it?8E��]FIH��-HNkÊm ?DC9E)=�� A�=tFIH�� �R=TEÁEÈC�"dAD=TH��NC+H��RC�"^r

��� � �8���G53�����+���

,�H:�
	BF,"GAD?�ADC9E � C/ABEÈ=tAD=Q"PC/��?8H�C�.��ÈC+H�"PFl=TH:�Á=@AD?8E¦?�ADC9EB"PADC��A�ÁFIiYC1="� �
	BC$F��ÈC9E ?��ÁFIiYC � C8?�
�ADC9EB"PADC��A�ÁFIiYC$AD= "PC?8j �T=tEÈF���	Bm �NC+iYC9jI=tABADC��I? �Q�GC"�0C9H���	B=tHQ�b� ?9iNF "?�_���Vr ! C�C/" �¦?�?BjIF "/	BC/�1?�jIFlH�
I?DC.� � C9C9H1ADC9E#"dADC��A�ÈFliYCYh � C8?�
ADC9EB"PADC��A�ÁFIiYCYh)?8H���AD?�E ?�ADC9EB"PADC��A�ÁFIiYC �9?�mßC9E¦?0m@=��]C9j,"^r ! C �NC�"��^EÈF ?DC���?3jIFlHBC8?�E1mßC.��	B=��U�ç=tEP�R=TmßABk��ÈFlH��
=�?�@ÈC��A�ªAD=Q"dC � F ��	�?1AD?�E ?�ADC9EB"PADC��A�ÁFIiYC$mß=��NC9j>?8H��0?8H3F �ÁC9E¦?��ÈFIiYCã?�j �t=TEÁF ��	Êm � 	BF,�'	 �R=TmßABk��ÈC/"&A�= "PC � F ��	ô?ADC9EB"PADC��A�ÁFIiYC m@=��]C9j ?a�P"Pk �.�RC�" "PFIiYCGAD?8E¦?�ADC9EB"PADC��A�ÁFIiYC/?�AÊABEÈ=".]FIm�?��ÈFI=tH�"Rr

! C " �Èk��NFlC���h ?D=���	2�
	BC9=TEÁC.�ÈF �9?�jlj���?�H ��C�.]A�C+EÈFImßC9H�� ?�jlj � h���	BC �R=tHNiYC+E��TC+H��RC1=�� ��	BC1F��ÈC9E ?��ÁFIiYC � C8?�
à?8H��AD?8E¦?8A�C+E#"PADC����ÈFIiYCG?8j �t=TEÈF���	Bm "Rr ! C "/	Ê= � C�� ��	D?��9hY=TH�?8H@?9iYC9E ?��tCYh ��	ÊC�j ?����ÁC9E)?8j �T=tEÈF���	Bm�EÁC"(vkÊFIEÈC/"¶n]r > �ÈFlm@C�"jlC�"�"�F��ÈC9E ?��ÈFl=TH�" �
	D?�H �
	BC>�ç=TEÈmßC9E>?8j �T=tEÈF���	Bm3r �0=tEÈC9=8iYC9E+h � 	BC9H �
	BC)= ?�@ÈC��A�>F "�EÈC9j ?��ÁFIiYC9j�� �RjI= "PC �Á=L�
	BC �9?�m@C+E¦??8H��0?�� "P=TmßCI�]F," � ?�H��^C �çEÁ=Tm �
	BC!=TA��ÁF,�9?8j�?�.]F,"^h���	ÊC9H:�
	BC �*	D?8H��RC ="� �R=tHNiYC9E �TC9H �RC�="� ��	ÊC�A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC
?8j �T=tEÈF���	Bm
F," 	BF �`	BC9E���	D?8H ��	BC �'	D?�H �RC&="�=�^=TH]iYC9E��tC9H��RC)=�� �
	BC � C8?�
!ADC9E#"dADC��A�ÈFliYC&=tHBCYr 
 C/�9?�k�"dC&F��¶EÁC"(vkÊFIEÈC/"Rh=tH�?�H(?9iYC9E¦?��TCYh�jIC�" "ãF��ÈC9E ?��ÁFI=TH "Rh=��	BC-F �ÁC9E¦?��ÈFliYC$AD?8E¦?�ADC9EB"PADC��A�ÁFIiYCß?�j��T=TEÁF �
	Bm F " m@=TEÁC �ÈFImßCe��C9=P�RF°C9H�� ��	 ?�H
�
	BC1F �ÁC9E¦?��ÈFIiYC � C8?�
�A�C+E#"PADC����ÈFIiYC�?�j��T=TEÁF �
	Bm3r$qH� �R=TkBEB"PCYh>F5� ��	BC1C].NADC9EÁFIm@C9H��¦?8j=�R=tH��NF��ÈFI=tH�"!?�EÁC "Pk��'	���	D?��

n $



2¶F��TkBEÁC : � @���H�C�.B?8m@ABjlC�="�G?8ABABj��]FIHF� �
	BC1F �ÁC9E¦?��ÈFIiYC!AD?8E¦?8A�C+E#"PADC����ÈFIiYC-?8j �t=TEÈF���	Bm �È=�?-HB=TH �R=TAÊjX?�H ?�E "PC.�
="��AD=TFlH�� �R=tEÈEÈC/"PAD=TH��]C9H��RC�"^r

n u



2¶F��TkBEÁC : > @��GH3C�.B?8m@ABjlC =��Ú?�AÊABj��]FIH�� ��	BC1F��ÈC9E ?��ÈFliYC!AD?�E ?�ADC9E#"dADC��A�ÈFliYC1?8j �T=tEÈF���	Bm �È=�? "dC.� ="��� �R=TABj ?�HD?8E
AD=TFlH�� �^=TEÈEÁC�"PAD=tH��NC9H��^C�"Rr

n �



2¶F��TkBEÁC : $ @Ú<�	BCT�ç=tkBE�Flm�?��tC �N= �B"L�R=tEÈEÁC�"PAD=TH �:�È=ß? �R=TAÊjX?�H ?�E "PC.�G=��)=�?�@ÈC��A�ªAD=TFlH��B"Rr 
 C/�9?�k�"dC ��	BC/= ?�@ÈC��A�F " �V?�E��
	BC9EG? � ?��N�çEÁ=Tm �
	BC!=TA��ÁF,�9?8j�?�.]F,"^h���	ÊC�F��ÈC9E ?��ÁFIiYCGAD?�E ?�ADC9E#"dADC��A�ÈFliYC!m@C.��	Ê=��ÞADC9E��ç=TEÁmP" ?DC.� �ÈC9EªFlH �
	BF,"
�9?�"PC ��	 ?�H:�
	BC!F �ÁC9E¦?��ÈFIiYC � C�?�
@ADC9EB"PADC��A�ÁFIiYC m@C*��	B=���r

2¶F��TkBEÁC :8u @I, � � ?�
YC�" : r � u m@FIjlF,"dC��R=TH ��" =tH�?83YkBH �
3YAD?8E#� :]; X > : �È= �R=TmßABk��ÈC �
	BC-A�= "PC@FlH���	BF " �9? "dC � F �
	
�
	BC!F �ÈC+E¦?��ÁFIiYCGAD?�E ?�ADC9EB"PADC��A�ÁFIiYC/?�j��T=TEÁF �
	Bm3r

n s



, �ÈC9E ?��ÈFliYC�A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC pG=TH�jIFlHBC8?�E
p�kBm ?DC9E)=���A�=tFIH��#" p$r]=��)F��ÈC9E ?��ÁFI=TH " C � � �ÈFlm@C B mP" E p/rN=�� F �ÈC+E¦?��ÁFI=tH�" C � � �ÈFlm@C B mP" E

� > ; r � u :t: � � u r >
> > ; r s > $ u > � r u
$ $ : r ; n $ $ $ � r ;
u > : r ; $ $ $ u n]r >
� $ : r : n > � u"; r >
s $ : r ��� � n :�; � r $
:�; $ : r � � u � :T:�u r �
:T: $ : r � u u � : n �]r $

<�?�?BjlC@na@�� �R=Tm@A ?�EÈF "P=tH�="� ��	BC-F �ÁC9E¦?��ÈFIiYC1A ?�E¦?8ADC9E#"dA�C/�A�ÈFliYC@?8H���HB=tH�jIFlHBC8?�E!m@C*��	B=���"!?�"$?��çkÊH��A�ÈFl=THà=��
�
	BC1HNkÊm ?DC9EG=��GAD=TFlH��B"Rr@qGHBC1m�?���HB= �ÁF,�RC ��	ÊC1jX?�E �TC-HNkÊm ?DC9EG=��ÚF �ÈC+E¦?��ÁFI=tH�"�EÈC�(vkBFlEÈC��:?a�:�
	BC-HB=THàjIFlHBC8?�E
m@C*��	B=��7�ç=tEV�-AD=TFlH�� �R=tEÈEÁC�"PAD=TH �NC9H��RC/"Rr

�
	BC$Flm�?��tC �RC9H��ÈC+Eª=�� �TE ?�i]F ����=�� �
	BC "dC.� =��
AD=TFlH��B"�F,"ªHBC8?8E ��	ÊC$=TAF�ÈF,�+?�j)?".NF " �
	BC9H���	ÊC � C�?�
0ADC9EB"PADC��A�ÁFIiYCm@=��]C9j="�	B=TkBj � ?DC!ABEÈC9�çC9EÈC��cr
! CI"�	B= � C�� �
	D?�� ?D= ��	ô?�j��T=TEÁF �
	BmP" B F��ÈC9E ?��ÁFIiYC � C8?�
�?�H���AD?�E ?�ADC9EB"PADC��A�ÁFIiYC E �9?8HP�¦?�
YC/?��Nit?�H��¦?��tC$="�
?

"dFIm@ABjlC�=tE��
	B= �t=THD?8jIF ��� �R=tH�" �ÁE¦?�FlH��G?�"�"d=��RFX?��ÈC�� � F ��	P�
	BC!EÈ= � ?��ÁFI=TH�m�?��ÁEÈF�.�="� �
	BC!= ?�@ÈC��A�ªAD= "PCYr
�0=TEÁC9=8iYC9E9h � CP�R=TmßAD?�EÁC��:��	BCÞ? �.�RkÊE¦? �9��="� ��	BC-EÈC�"dkBj �B"�=�?��¦?8FIHBC�� � F ��	 ��	BC�"dC�F��ÈC9E ?��ÁFIiYC1jIFlHBC8?8E$?8j �t=��

EÁF ��	ÊmP" � F ��	 ��	BC@EÁC�"PkÊj �#"$=�?��¦?8FIHBC/� � F �
	�?0HÊ=TH �VjIFlHBC8?�E/=THBC r�<�	ÊC��ç=tEÈm@C+E$?8j �t=TEÈF���	Bm "�?8EÈC�m-k��*	 �V?�" �ÁC9E
?8H��0?8jIm@= " �G? "GABEÈC��^F,"PC/?�" �
	BC$j ?����ÁC9E9hBC/"PADC��RF ?�jIj�� � 	ÊC9H:�
	BC$=tE���	Ê= �T=tHD?�jlF ��� �R=TH " �ÈE ?�FlH��Gm@C9H��ÈFl=THBC��ß?�?D=8iYC
F " ?DC9FlH��@k�"dC���r10�= � C+iYC9E9hBFlH:��	ÊC1ABEÈC�"dC9H��RC/=��
HB=tF,"PC ��	BC1ADC9E��ç=TEÁm�?�H��^C�" ="� ��	BC/F �ÈC+E¦?��ÁFIiYC!jIFlHBC8?8E�m@C*��	B=���"
�NC*�TE¦?��NC �V? " �ÈC9E � F���	�FIH��^EÈC8?�"PFIHF�0HB=tF,"PC�?8m@ABjIF��Èk��]C �
	D?�H ��	BC@HÊ=TH�jlFIHBC�?�E$mßC.��	B=��cr�<�	ÊF,"$F," �]kBC �È=-��	ÊC
�V?��A� ��	D?���HÊ=TH �VjIFlHBC8?�EªmßFIHBFlm@F �8?��ÁFI=TH-H]kBm@C9EÁF,�9?8j��ÈC��'	BHBF)(vkÊC�"&?8EÈC!m�k �*	-m@=TEÁC EÈ=�?Bk�" �L�Á=�HB=tF,"dC �
	D?�H�jIFlHBC8?�E
?8j �TC*?BE¦?8F,� �ÈC��'	BHBF)(vkÊC�"Rr

! 	BC9HÊC9iYC9E "PADC9C�� F,"@?8HæFlm@AD=TE �¦?�H�� �R=TH��^C9EÈH>hGF �ÁC9E¦?��ÈFIiYC�jlFIHBC8?8E@AD=Q"dC�m@C*��	B=���" "/	B=tkBj,�#	B= � C9iYC+E ?DCABEÁCe�çC9EÁC���r ,�H��]C9C���h ��	BC�F��ÈC9E ?��ÈFliYC�jlFIHBC�?�E1?8j �t=TEÈF���	Bm " �NC�"��^EÈF ?DC��2?a� �GC"�0C9H���	B=tH�?8H�� �o?�i]F,"&� > �G?8H��òFlH
�
	BF,")AD?�ADC9EG?8EÈC =tHBC1	NkBH �NEÈC�� �ÈFImßC�"d�V? " �ÈC9E �
	D?�HP�
	BC HB=tH ��jlFIHBC�?�Eª?8j �t=TEÈF���	Bm " � �
	BF,">�çC8?��ÁkBEÈCã?�jIjl= � "&=THBC �Á=FlH��RjIk �NC ��	ÊC�"PC!F �ÁC9E¦?��ÈFliYC�jlFIHBC8?8E �ÈC��'	BHBF)(vkÊC�"�FIH�EÈC8?8j � �ÈFlm@C�i]F,"dFI=tH0?8H���EÁ= ?D= �ÁF,�."G?�AÊABjIF �9?��ÁFI=TH "1� : n"��r

, ��F,"�FIH��ÈC9EÁC�" �ÁFIH�� �È=!HB=��ÈF,�^C ��	D?�� ��	BCªF��ÈC9E ?��ÁFIiYC&jlFIHBC�?�E��ÈC��'	BHBF)(vkBC/" �NC/"��REÁF ?DC�� 	BC9EÁCG?�EÁCG?�?BjlC �È= �NC8?8j � F �
	
�
	BC$ABEÁ= ?BjlC9m =��)EÁC��R=tH�" �ÁEÈk��A�ÁFI=tH �çEÈ=Tm m-kBj �ÁFIABjlC�i]FIC � " � n���r?,�H��NC+C���hD?�� �ÈC9mßA��#"�	D?9iYC ?�C+C9H0m�?��NC �È=P"d=TjliYC
�
	BC1m�kÊj �ÈFlABjICGi]FIC � EÈC/�R=TH�" �ÈEÁk��A�ÈFl=TH�ABEÈ=�?BjIC9m�k�"PFlH��@C9F���	BC+E ?8H�?8ABABEÈ=".]FIm�?��ÈC�� B jIFIHÊC8?�E E �9?�mßC9E¦?$m@=��]C9j¶=tE?�AÊEÈ=�@ÈC����ÈFIiYC B HB=tH �VjIFIHÊC8?�E E �9?�mßC9E¦?1m@=��NC9jVh6?Êk�� HB=�?�� �ÈC9mßA��#"H	D?9iYCI?DC9C9H3mÞ? �NC �È=�ABEÈ=tADC9EÈj��0C�" �¦?�?ÊjIF,"�	à?jlFIH�
 ?DC.� � C9C9H ��	BC�"dC � � = �RjX?�"�"dC�" ="�)?8j �t=TEÈF���	Bm "Rr

� � �Y�o%��!�3�ª���

� : ���1r"�GjI=TFlm@=THÊ=Q"Rr ��C9E#"dA�C/�A�ÈFliYC!?�ABAÊEÈ=".NFlm�?��ÁFI=tH�"Rr&JLa1S9ÒNO/SYKBÑ�e¶Ugf+UXWYK�`)WYa�bc\YMVUXKTÒTh � B � E @ :�uTu � :+s nNh ��k �
�tk�" � :9sts�; r

� ;



� n���3Dr C:	BEÁF," �/�ô?�H��[�!r 0G=TE¦?8k���r ��k��RjlF,�NC8?8H-"/	D?8ADC�?�H��3m@=��ÈFI=tH �çEÈ=tm m�kBj��ÈFlABjIC ADC9EB"PADC��A�ÁFIiYC1i]FIC � " ? �?�=@HBCGF �ÁC9E¦?��ÈFl=TH�"^r�<>C��'	BHBF,�+?�j � C9AD=tE��O�V��� n��Yn : hM,dp��?,)�$h"��C��RC+m ?DC9E :9sts �Br
��it?8FIjX?�?BjIC ? �-?8HB=THa�]m@=Tk�"
�;�ÁA�=tH0Flm�?��Êr_�çE9h��NFlEÈC����È=TE
�@ABk�? X"��q0�1,¦h�%DjIC1�?���dn"�Yn : r A�"^r ���Yr

� ���I�$r 2&r ��C��0C9H��
	B=TH�r0Æ1O1Z°S e¶Ugf+UXWYK��oQ¦M�U í�À9UÂO¦ZIZlO��S0Z°Sô¿��O^STZ°UIM��O��cÃTK]MÙÉ	�O¦MVU�
9\BO
���cÃ�f^M��O^a�OßÑ¶å UXKNMdO^QÈSYÀRMVUXWYK
SYÌ�OÁÀ1\]K3WYQÈÑYUXKÊSTMPO^\]Q \YM�UIZÄUgf+SYKNM&ZÈå SYKÊSTZ°Ã�f8O/Ñ¶å UXa1S9ÒNOÁf1Ì+UXÑ��O^WTr �>	M� �
	BC�"PF "Rh ��HBFIiYC+E#"PF����C��T= "PC9A 	 2B=TkBEÁFIC9E:�
�GEÈC+HB= ?BjlCI,Lh �c?�?D=TE¦?��È=tFIEÈC�<H,�� CHX",�� � �/hDq ���È= ?DC9E :+sTs �Nr

�_���I�$ra2&ra��C��0C9H��
	B=THß?�H � ��r 3Dra� ?9iNF "Rr��0=��NC+j � ?D? "dC���= ?�@ÈC/�A�)A�= "PC FlH@n > jlFIHBC�"�="���R=��NC r ,�H �/r 3v?�H��NFlHBF�h
C��]F �È=tE9h)`)WYa�bc\YMPOLQ0e�Ugf+UXWYK����o`ª`!e��TÛTÅ)ûÚQÈW8ÀRO¦OÁÑYUXKTÒ�f��>OÁÀ¦WYKBÑ��ª\]QÈWRbDOÁSYK3`)WYKL_8O^Q¦O^KBÀRO�WYK�`)WYa�bc\vMdO^Q
e�Ugf+UXWYKvÅ��cSYKNMVS�ÇàSYQÂÒ8ÉDO^QRUIMVS��)UóÒY\]QLOÁÅ�ÇàSYÃ�� ���TÛYhBAD?��tC�" � � > ���"�Q�Nr 3YABEÈFlH��TC+E0��C+EÈjX?��Bh �3?�� :9sTs nNr

� > �I�$rM2
r ��C"�0C+H��
	B=TH�?8H�� ��rK3Dr �o?�i]F,"^r>�0=��NC+j � ?D? "dC��@= ?�@ÈC��A�
AD=Q"PC!FlH0n > jIFlHBC�"�="� �^=��NCYr�JLKNMdO^QRKÊSTM�UXWYKBSTZ
[ÊWY\NQ^KBSTZ�WP_-`)WYa�bc\YMdO^Q�e¶Ugf+UXWYKNh : > BÁ: X8n E @ : n �E� : � : h :9sts > r

� $��I��r��?	B=Tm@C h���r��ªF,�'	BC.�ÈFlH>h!�Br < r �c?�ABEÁC�" �ÁCYh�?�H�� �$r � FliYC�"Rr��GC.�ÈC9EÁm@FIH ?��ÈFl=TH�=�� �
	BCI�L���ÁF �Èk �NC1=�� ���
q ?�@ÈC��A�B"d�çEÈ=tm�? 3YFlH��TjlC ��C9E#"dADC��A�ÈFliYC(� FlC � r�J"�����
ÝÊQÈSYKvf+SYÀ^M�UXWYKvfoWYK1ûªSTMçMdO^QRK��oKBSTZÄÃ�f+UgfoSYKBÑ�Ç6SYÀLÉÊUXK�O
JLKNMPO ZIZ°UóÒNOLKBÀ�O h :t:�BÁ: n E @ : n $ > � : n u � h ��C/�RC9m ?�C+E :+s � s r

� u �1q/r��$r 2�?8k��TC+E¦? "^r�Ý�ÉÊQLO¦O!Æ/UXa�O^KYf+UXWYKBSTZª`)WYa�bc\YMPO^Q3e�Ugf+UXWYK#���%$ OÁWYa�O¦MVQ^UXÀ�e¶UÂOLØ�bÊWYUXKNMÂr �8,P< ��EÈC/"�"Rh

 = " �È=tH>h :9sTs �Nr

� � �I��r �$r�2¶F "��'	BjIC9Eo?�H � ��r CGr 
 =TjljIC�"^r��G?�H��N=tm 3v?�m@ABjlC C)=tH�"PC9H "Pk�"9@�� �)?8E¦? �]F �Tm �ç=TEI�0=��NC+j�2�F ���ÁFIH��
� F���	 ��AÊABjIF �9?��ÁFI=TH " �È= ,�m�?��tC���H ?�j��F"PF "$?8H��'��k��Á=Tm�?��ÈC��NC
?�E��Á= �tE¦?�A 	 �cr `)WYa1a1\NKBUXÀ¦STMVUXWYKvfÞWP_@MXÉDO
�/`¶ÇôhBn�� B $ E @ � � : ��� s > h&�TkBHBC :9s � : r

� s � ��r��GEÁ=Q"Rr �3?��#�'	BFIH��ã?�H�� �^jIk�" �ÈC9EÁFIH�� @8� � =I" �ÈC9A " �È= � ?�E#�F"&?�kF�È=TmÞ?��ÈF �&m@=��NC9jF�TC9HBC+E¦?��ÁFI=tH�FlH �R=tm@ABk��ÁC9Ei]F,"dFI=TH�rN,�H�ûÚQÈW8ÀRO¦OÁÑYUXKTÒ8f-WP_-MXÉDO������GJ�'�STZIZ��cÃTa�bÊW�f+UX\]a(�>O^Q^UÂOÈf)�$Ç6SYÀLÉÊUXK�O���OÁSYQ^KBUXKTÒ�UXK `)WYa�bc\vMdO^Q
e�Ugf+UXWYK#�ßïÞÉÊSTMXÅ/ïÞÉÊÃ9Å)SYKÊÑ+*ãWYØ�,ÈÅ)¿GSTZlO^UóÒ�ÉYÅ.-ãWYQLMXÉ(`)SYQÈWTZ°UXKÊS�Å0/!�1�oh�AD?��TC�"H� ; ���`�Bh¶q �A�Á= ?DC9E :9sts �]r

� :�; �I�!r 
 r 0o?�E¦?8jIF ��
ch�0$r&�T=Y=Bh C>� p$r
�DC9CYh&21r43M	]kD?�HF�Bh.�1r �/r,�
?�F � �]?Nh�?�H�� ��r 
 r!5 Flm3r �¶=Q"dC@C�" �ÁFIm�?��
�ÁFI=TH �çEÁ=Tm �R=tEÈEÁC�"PAD=TH �NFIH���AD=TFlH�� �B?�� ?Nr@J"����� ÝÊQÈSYKvf+SYÀRMVUXWYKvfîWYK6�cÃ�f^MdO^a�f¦ÅªÇ6SYKvÅoSYKBÑ�`)ÃtÖRO^Q^K�O¦MVUXÀLf^h
:+s B $ E @ : �Yn�$ � : ��� > h :9s � s r

� :T: �I�!r 0�=tE¦?8k���h 
 r6C)=tHBFI=Êhèq/r �DC.?D=TkBjljIC9k .chB?8H�� 
 r �c? �R=tjIjlCYr���H�?8HD?�j����ÁF,� "d=TjIkF�ÈFI=tH �ç=TE ��	ÊC�ADC9EB"PADC��A�ÁFIiYC
�"��AD=TFlH��GABEÁ= ?BjlC9m3r `)WYa�bc\YMdO^Q�e¶Ugf+UXWYKvÅ7$GQÈSRbBÉÊUXÀ¦f¦Å)SYKBÑ�JLa1S9ÒNO�ûÚQÈW8ÀROÈf¦f+UXKtÒTh � uLBÈ:�E @ ��� ���`�Bh!�TkÊj�� :+s � s r

� : n��I�!rM0�=TE ?�k��chK2&r ��=TEÁHD?�F�
t?Nh CGr 
 ?8E#��hD?8H�� 
 r � "dABFX?8k>r(� F "PkD?8jIj�� �tkBF,�NC/�Þ=�?�@ÈC��A� �tE¦? "dABFIHF�Brª<>C��'	BHBF,�+?�jEÁC9AD=TE��+hM,dp��V,)�$ha�3?8E#�'	 :+sTs > rV3YkF?Bm@F � �ÈC�� �È=�J"�����ÕÝÊQÈSYKvf8Ü�WYK�¿ WYÖ¦WTM�UXÀ¦f/Ë8�o\YM�WYa1STMVUXWYKNr
� : ���I�$r �D= � CYr12¶F����ÈFlH��@AD?8E¦?8m@C.�ÈC+EÈF �+C�� ��	BEÁC9Ce� �NFIm@C+H�"PFl=THD?8j�m@=��NC+j," �È=�FIm�?��TC�"^r�J9�:��� ÝÊQÈSYKYf+SYÀRM�UXWYKYf-WYK

ûÚSTMçMPO^Q^K;�oKBSTZ°Ã9f+Ugf�SYKBÑ�ÇàSYÀLÉÊUXK�O JLKNMdO¦ZIZ°UóÒ]O^KBÀRO¦h : � B > E @ �`� : ��� > ; h �3?�� :9stsN: r
� : ���I�$r�qL?DC9E 
t?�m@A �Áh �$r�2
r���C"�0C9H���	Ê=TH>hc?�H�� ��r 3Dr � ?9iNF "RrI, �ÁC9E¦?��ÈFliYC�AD= "PC-C�" �ÁFIm�?��ÈFI=tH�k�"PFlH�� �R=TABj ?�HD?8E

�çC8?��ÈkBEÁC AD=TFlH��B"Rr ,�H�ûÚQÈW8ÀRO¦OÁÑYUXKTÒ8f/`)WYa�bc\vMdO^Q@e�Ugf+UXWYK�SYKBÑ�ûÚSTMçMPOLQRK@¿ OÁÀ¦W¦ÒYKBUIMVUXWYKNhYAD?��tC�" $Tn�$ � $Tn u h�pGC �
�)=TE 
�h��TkÊHBC :9sTs �Nr , � � � C)=tm@ABk��ÁC9EV3Y=��^FIC.��� � EÁC�"�"^h �D=Q"��GjX?�mßF �È= "Rh�C
?Nr

� : > �/< r=</rQ�>	B=tH��Bh ��r`0�=tE¦?�k ��h��$r �
? " "PFIHÊCYhY?�H �N�$r < rQ�>	D?�m3r�qGA��ÁFIm�?8jYC�" �ÁFIm�?��ÈFl=TH$="�>=�?�@ÈC��A��A�= "PCV�çEÁ=Tm
? "PFlH��TjlC&ADC9E#"dADC��A�ÈFliYC�i]FIC � ra,�H1ûªQÁW8ÀRO¦OÁÑYUXKTÒ�f.'�WY\]QLMXÉ$JLKNMPOLQRKBSTMVUXWYKBSTZc`)WYKL_8O^Q¦O^KBÀROGWYK@`)WYa�bc\YMPOLQ1e¶Ugf+UXWYKNhAD?��TC�" > �"��� > � s h 
 C9EÁjIFlH>h��GC9EÈmÞ?�Ha�Yh��3?�� :9sts �Nr , � � �)C)=TmßABk��ÈC+E�3Y=��RFlC.��� � EÁC�"�"^h �D=Q" ��j ?�m@F��È=Q"^h C
?]r

� :



� : $��/< r1</rQ�>	B=THF�Bh �!r�0�=tE¦?8k���h
�/r �
? "�"dFIHBC hY?�H��R�$rY< r��>	D?�m3r�q ?�@ÈC�����AD=Q"PC?�çEÈ=Tm n���� �È= �����æAD=tFIH��&?8H��
jlFIHBC �^=TEÈEÁC�"PAD=tH��NC9H��^C�"RrªJ^KNMdO^Q^KBSTMVUXWYKBSTZ¶[ÊWY\]QRKBSTZ�WP_-`)WYa�bc\YMPO^Q�e¶Ugf+UXWYK]h : > B � E @ónTn > �vn��Q�]h&�TkBj�� :+sTs > r

� :�u � CGr��BrF�¶=YC9jImÞ?�H�?8H���< r15!?�HD?��NCYrL�|AD?8E¦?�ADC9EB"PADC��A�ÁFIiYCV�V?��A�È=tEÈF��8?��ÁFI=TH�m@C*��	B=��7�ç=tE "/	D?8ADC$?8H��@m@= �ÁFI=tH
EÁC��R=8iYC9E�� rK,�H��Y?8H �ÈqGjl=�� � 
]jIkÊH�� 	>hYC��NF��È=tE9h�`)WYa�bc\YMdO^Q@e�Ugf+UXWYKÞÔ��o`ª`!e �9ÎNÅ�ûÚQÈW8ÀRO¦OÁÑYUXKTÒ�f-Ý�ÉÊUXQÁÑ �Ú\NQÁWTÔ
bDOÁSYK�`)WYKL_8O^QLOLKBÀROGWYK0`)WYa�bc\YMPOLQ1e¶Ugf+UXWYKvÅ!� M�W8ÀLâ9ÉÊWTZÄa�Å¶Ç6SYÃ � ���9ÎBhTiY=TjlkBm@C
nNhtAD?��tC�" svu � :�; � rY3 ABEÈFlH��TC9E
�)C9EÁjX?��Êh �3?�� :+sTs �Êr

� : � �I�!r �1r)< "È?8F�r � iYC9EB"È?��ÈFIjlCP�9?8m@C9E¦?��+?�jIF�?BE¦?��ÈFl=THN�ÈC��'	BHBF)(vkÊCN�ç=TEQ	BF �`	 � ? �.�RkÊE¦? �9�)�`� m�?��*	ÊFIHBC@i]F,"dFI=tH
m@C*�ÈEÈ=tjI=����-k�"PFlH��1= �M� ��	BCe� "/	ÊC9j � <(� �9?�m@C+E¦? "
?�H��@jlC9H�"PC/"Rr�J9���:� [ÊWY\]QRKBSTZ�WP_ ¿GWYÖ¦WTMVUXÀLf/SYKÊÑ �o\vMVWYa1STÔ
MVUXWYKNhM� �J� � B � E @ �tn �E�����`�Bh
��k��tk�" � :9s � u r

� :9s � �BrM3Dr_� CGr �)kD?�H>r � �TC+HBC9E¦?8j�A 	Ê= �È=��TE ?�m@m@C*�ÈEÈF �&m@C.�
	B=��7�ç=TE �]C.�ÈC9EÁm@FIHÊFIH�� =�?�@ÈC��A�
A�= "PF��ÈFI=tH�?�H���=TEÈFlC9H �
� ?��ÈFl=TH>rªJ"�����ÕÝÊQÈSYKvf+SYÀRMVUXWYKvf�WYKÞ¿ WYÖ¦WTM�UXÀ¦f/SYKBÑ��o\vMVWYa1STMVUXWYKNh > B n E @ : n s � : �Yn]h �GABEÈFlj :9s � s r

�Tn


