
Iliill

International Centre for Theoretical Physics

United Nations
Educational, Scientific
and Cultural Organization

International Atomic
Energy Agency

SMR1662/5

Summer School and Conference
on Geometry and Topology of 3-manifolds

(6-24 June 2005)

Lectures on hyperbolic groups and
convergence groups

S. Maillot
IRMA

Université Louis Pasteur
7, rue René Descartes

F-67084 Strasbourg Cedex
France

Strada Costiera I I, 34014 Trieste, Italy - Tel. +39 040 2240 I I I; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



� � � � � 
 �  � 
 � � � �

� � � � � � � � � � �

� � �  " $ � %

& ' ) + - / ) + ' 2

3 5 7 9 ; = 9 ? @ 7 9 ; 9 D F H ; F D K L N = 9 ; F 9 9 O 5 N = 5 K D F S T K ; F D W N Y Z 9 N L N Y N H @ `

a c d e g d j k m n p q s p t s p k s p u s k k s w x y z | } ~ � � } � � � � � } � � � � � } � ~ � � � } � � � � } �
� � � � � � } � � � � � � � � � � � � � �   � ¡ � � � � � � £ � � ~ } � ¤ � � � � � � � � � � � � � § � � � ¨ � ~ ¡ } � �

� � ª } � � } � ~ £ � } � } � �

« D F ¬ 5 « 5 D W 5 = 9 K ; F D W N Y Z 7 ; = 5 5 ; 7 D Y @ 7 5 5 F 9 N ? 5 H 5 N K 5 9 = D ¬ D F ± O ² = 7 9 N F ³ 7 7 5 F 7 5 ´
9 O D 7 9 O 5 N = 5 K ¬ ; F ? 5 ¸ D 5 ¹ 5 Z ; 7 ; L ; = 9 D ; Y ; F 7 ¹ 5 = 9 N 9 O 5 ½ 5 N K 5 9 = D ¿ ; 9 D N F À N F T
Á 5 ¬ 9 ² = 5 ` Â 9 ¹ ; 7 Ä F N ¹ F D F 7 N K 5 ¬ D = ¬ Y 5 7 ; 7 9 O 5 Æ « 5 D W 5 = 9 À N F Á 5 ¬ 9 ² = 5 ³ Ç ; Y 9 O N ² H O Â

Z N ² ? 9 9 O ; 9 « 5 D W 5 = 9 5 ¸ 5 = ¬ N F Á 5 ¬ 9 ² = 5 Z 9 O D 7 ` É
Ê 5 = 5 D 7 ; F N ² 9 Y D F 5 N W L = N N W Ì Y 5 9 Í ? 5 ; F D F Ï F D 9 5 ¬ @ ¬ Y D ¬ F N = K ; Y 7 ² ? H = N ² L

N W �   � ; F Z 7 5 9 Ò Ì Ô �   � Õ Í ` Ö 5 9 Ø� ? 5 9 O 5 ¬ N ¸ 5 = D F H 7 L ; ¬ 5 N W � 7 ² ¬ O 9 O ; 9
�   Ø� Ô Í ` ± O 5 F Ò ; ¬ 9 7 N F Ø� ¹ D 9 O Ü ² N 9 D 5 F 9 7 L ; ¬ 5 � `

Ý Þ d ß k ± O 5 S T K ; F D W N Y Z Ø� D 7 ~ � � } � D ` 5 ` O N K 5 N K N = L O D ¬ 9 N á   â ã ä `

Ý Þ d ß p ± O 5 H = N ² L Ò D 7 æ � � � � � � � � � } ~ � � � 9 N ; ¬ N K L Y 5 9 5 ç D 5 K ; F F D ; F K 5 9 = D ¬
N F ã ä ` Ç ± O 5 Z 5 Ï F D 9 D N F N W Ü ² ; 7 D T D 7 N K 5 9 = D ¬ ¹ D Y Y ? 5 H D ¸ 5 F Y ; 9 5 = ` É

Ý Þ d ß è é F @ Ï F D 9 5 Y @ H 5 F 5 = ; 9 5 Z H = N ² L Ü ² ; 7 D T D 7 N K 5 9 = D ¬ 9 N ; ¬ N K L Y 5 9 5 ç D 5 K ; F T
F D ; F K 5 9 = D ¬ N F ã ä D 7 ê � � ~ � � � � ¤ ë ä Ç D ` 5 ` O ; 7 ; Ï F D 9 5 D F Z 5 ì 7 ² ? H = N ² L D 7 N K N = L O D ¬

9 N ë ä ´ É N = D 7 Ü ² ; 7 D T D 7 N K 5 9 = D ¬ 9 N 9 O 5 O @ L 5 = ? N Y D ¬ L Y ; F 5 í ä `

î



� � � � � � 	 �  	 � � � � � � � 	 � � � � � � � � ! " # % " � ( � ) � ( ! , � � � � / � ! 2 3 4 6 7 9 ; < = > < 7 @ B D
6 4 E E F ! 	 2 3 H I K M � ( , � � 	 ( � M � � � M � � / � � ! 	 � ( � ( ! , � � � � / T # � ! # � � � � � � ( / ! 	 � � 	 " ! " ( T

� 	 � / ! / ! , # � / � H V

� � � � X K M � Z " 	 � � , � 	 � � � � � ! " # ! Z \ � ( � ( ! , ! � # M � / � ! � M � Z " 	 � � , � 	 � � �
� � ! " # ! Z ( ! , � � � � � � " / � b � � c � � Z � � �  b � � � � ( # � / � g H

� � � � i \ � ( M ! , � ! , ! � # M � / � ! g T M � 	 / � c � � Z � � �  b � � � � H

K M � � ! � � ! Z � M � ( � � � / � " � � ( � ( � ! � p # � � � 	 c � � # q � 	 ( ! , � � � � � � � T # " � � � 	 � � �
� 	 � ! � M � , ! � � � � 	 � � � � / ! 	 � � p � ! Z v F w < @ y = E B 6 ; @ = { w 9 � 	 � 6 = | } < @ ; < | 6 < ; @ = { w 9 �
� � Z ! � � � M � � T � � , � � � ( ! , � b � � � Z / ! , , � 	 � ( � b ! " � � M � ! � M � � ( � � # ( T � 	 � M �
/ M � ! 	 ! � ! � � / � � ! � � � � ! Z � M � � � # � ! ! Z ( H

c � � # � � ( / � � ( ( � / � � � � M � / � � ( ( ! Z � � ! " # ( � M � � � � � � � � � " � � � � � 3 ! � � / � � � ! )
, � � � � / � � � � ! 	 2 3 M � ( b � � 	 � � � � ) � 	 ! � 	 Z ! � ( ! , � � � , � � � M � � � � � / � � � � � � # � � 	 � �

� � ( / ! 	 � � 	 " ! " ( � � ! " # ( � � 	 � � � � H � p � � 	 ( � ! 	 ( ! Z � b � � M � ( � � � ! " # ( / � 	 b � / � � ( )
( �  � � " ( � 	 � � � ! " # / ! M ! , ! � ! � � � � � � H � M � 	 ( " / M � � � ! " # � ( � ! � ( � ! 	 Z � � � T � � � (
	 ! � M � � � � ! / ! 	 ( � � " / � � c � � Z � � �  b � � ( # � / � � � � � � � � 	 � � � H

c � � # � � ( � " � � ! ¢ � � � � c / ! � � � � q � � M � # � ! � � ( � M � � � Z \ ¤ g � � � / � ! ( � � T
! � � � 	 � � b � � T � � � � � " / � b � � � ) , � 	 � Z ! � � ( � � � M � ( ! , ! � # M � / Z " 	 � � , � 	 � � � � � ! " # ( T � 	 �
! 	 � ! Z � M � , � ( c � � Z � � � T � M � 	 \ � 	 � g � � � M ! , � ! , ! � # M � / H § � 	 / � � � � M � � � � , �

� M � c � � Z � � � ¨ ! 	 © � / � " � � � � ( � � � " / � � � ! # � ! � � 	 � � M � � ª � ( # � � 	 � � � � ( / ! 	 � � 	 " ! " ( H
c � � # ( �

�
� � � � � " � � ! � � ( ( � � � � H ® 	 Z � / � T � M � / ! 	 / � " ( � ! 	 ! Z c � � # � � 	 �

M � # ! � M � ( � ( ! Z c � � # � � 	 M � ( ! � � � � 	 � � � # # � ! � / M � ( � M � � ª � ( % " � ( � ) � ( ! , � � � � / � ! �
° { 4 9 B v = > = ; < | < = { 9 , � � � � / ! 	 ± 3 H K M � � c � � # � � ( � � � � � � � � M ! " � � M � ( � � � � � � ! 	 � �

M � # ! � M � ( � ( � ( # � ! � � � � 	 � � � � H
c � � # � " ( � ( , � 	 � � , # ! � � � 	 � � � ( " � � ( � 	 � ) , � 	 � Z ! � � � ! # ! � ! � � � � M � � � � � ( )

c � , ! 	 ) � � " � M � ! � � , � b ! " � � � � � � " / � b � � � � � ! Z / ! � � � � 	 � ( # � / � ( T � M � c / ! � � / ! , )
# � / � / ! � � � M � ! � � , T � M � � M � ! � � ! Z / M � � � / � � � � ( � � / ( " b , � 	 � Z ! � � ( � " � � ! � � / ! )
c M � � � 	 � 	 � � ! M � 	 	 ( ! 	 H H H c � � # � " ( � ( , � 	 � , � � ( " � Z � / � ( H ¨ ! , # � � � � # � ! ! Z ( ! Z
, ! � � � � 	 � � � � � � ( " � � ( / � 	 b � Z ! " 	 � � 	 � � � � I ( � � � � � Z ! � � 	 � 	 � � ! � " / � � ! 	 V H ® � � ( !
� � Z � � � ! " � ! � " � 	 c ! " � ! � ( � � / � " � � ( � 	 � M � ( ( " , , � � ( / M ! ! � Z ! � � 	 � 	 � � ! � " / � � ! 	

� ! ! # � 	 � ) , � 	 � Z ! � � ( H
c � � # � / ! 	 ( � ( � ( ! Z � 	 � � � / � � � � ) � � , � 	 ( � ! 	 � � � � � " , � 	 � ( H � ( � , # � � � # � ! ! Z � � (

� � � � 	 � 	 � � � � H
c � � # q / � 	 b � Z " � � M � � � � / ! , # ! ( � � � 	 � ! � ( " b ( � � # ( � � Z ª � ( % " � ( � ) � ( ! , � � � � /

� ! 2 3 T � M � 	 � � ( ( ! b ( � � � � � � M � � ª � / � ( ! 	 � M � / � � / � � ³ ´ � ( � 6 = | } < @ ; < | 6 <
; @ = { w H � ! � � � � 	 � � � � � � T � Z ª � ( � v F w < @ y = E B 6 ; @ = { w � 	 � M � ( � 	 ( � ! Z µ � ! , ! � T

� M � 	 � � � / � ( � 	 � 	 � � " � � � � � � ! 	 � / ! , # � / � � ! # ! � ! � � / � � ( # � / � � ª / � � � � � � � (
y = { | ¶ 4 @ F T � 	 � � M � ( � / � � ! 	 � ( � / ! 	 � � � � � 	 / � � / � � ! 	 H K M � ( � � � � b � � p # � � � 	 � � � 	

· � / � " � � ( � � 	 � � H

�



� � � � � 	 �  � � � � � � � � � � � � � � � � � � � � � � � � � 	 �

 " # $ & # ) * + � $ � � # & � # � 
 # � & $  0  " # $ & # ) 2 * 4 5 7 7 5 9 : < = ? @ B C D @ F
G H I J K M O P C F Q B S F S F Q I W X @ H G @ W Q @ G H I J K I W [ \ ] B _ @ W C _ F S F ` W b B @ W I H e F f
S J D G H I J K � S J Q _ B _ F B C j � b S � J Q _ S b F W M

n � p q r r  � q  q � u p � 	 � q � v � � u � � 	 q � � 	 p � �  � 	 u z v � � u � � � � 	 � � �  � � � 	 � � } ~ �
� � � p �  � � p � � p r u 	 � � � � 	 � � u � � q r � �   � 	 q � � � v  � q  C q p  	 � � � � � � r � � � 	 p � �  � � �
u � u 	 r � q � � � 	 � � �  � � p q r r � � � } ~ � � � C � 	 � u q 	 � � � 	 � � �  � � p  � } ~ �  � � � � � � p q �
	 � �  � q  	 u p � q � q p  � � � � q 	  � z � p � p � � � q p  � � � � p � � � v �   � � p � � p r u 	 � � � � �

�  � � � q 	 	  q  � � q z � � � �
� � r � p  u � � 	 � q � � � � � � � r r � � 	 p u 	 	  � � � � � � � � � � � � � � � � � � � � r r � � � � v � u � � q

q � � � q 	 	 � � � � u � v � � � 	 �
� � � �  � � � � � � � � v � � u � �  � � � � �  � p � q � � � � q p � � 	  �  � � � � � � � �  � � �   � p  u � �

q � � � � r q  � � � u � 	  � � � 	 � 	 � � � � v � ¡ � � � � � � £ �

� � �  ! # ¤ % ¥ & ¥ ¦ � § & & ¤ ! + ¥ ¨ , ¦ ¤ . ¥ � / § ¨ + 0 ! ¤ 2 ¤ ª

« �  � 4 ¬ 6 � z � q � �  � � p 	 � q p � � ® G @ I ¯ @ S b Q S @ G e @ W B � � 4 � 	 q � � 	 � � �  � � p � � �
z � � � � � v � � q p � � � q p  � �  � � � q r ¡ 8 ¬ 9 £ : ° � �  � 4 � ± � 	 q �  � q  4 � 	 G @ I ¯ @ S b Q � �
� � � q r r < ¬ = ? 4 �  � � � � � 	 q v � � � � 	 � p 	 � v � � �  A � ¡ 8 ¬ 9 £ C 4 	 u p �  � q  A � 8 � ¹ <
q � � A � 9 � ¹ = �

» q 	 � p � ¼ q � � r � 	 � � v � � � � 	 � p 	 � q p � 	 q � � p � � � r �  � n � � � q � � � q � � q � � � � r � 	 � � �
� q �  � p u r q � ¾ u p r � � � q � 	 � q p � H I q � � � � � � � z � r � p 	 � q p � } I � J �  � � � � � � � �  � q 
� u � � �  � � � � � ¿ v � � � � 	 � p 	 � v � � �  À � 	 p � � � � � r � p q r r � � ¿ � � � � � � Á � � v v � � � � 	 � p À � �

n � � � q � � � q � v � � � �  � � � ® � � � � � � � � � Á � � v v � � � � 	 � p � 	 u p � q 	 q r q � v � � � �  � � � � �
 � � � � u q  � � � �  � � � � u � � � � 	 � � � � � � � 	 W I B q v � � � � 	 � p 	 � v � � �  � � � u � 	 � � 	 � �

K  � � � z q 	 � p � ¼ q � � r � 	 q � � G H F K _ S � � � � � p � � � � p  � � � � � � � � � 	 � � � q r p � r r u r q �
p � � � r � ¼ � 	 � r �  4 z � q v � q � � � � � � � � 	  q � p � z �  � � � �  � � � � �  � p � 	 < ¬ = � 	
� � � � � �  � z �  � � � � � � � q r � u � z � � � � � � v � 	 � � q � � � v � � � q  � p � � � � p  � � v <  �

= � � � � 	 � � � � � 	 q � � 	  q � p � � �  � � 	 �  � � � � �  � p � 	 � � 4 � �  p q � z � � ¼  � � � � �  �
q � � 	  q � p � � � q r r � � 4 z � � ¼ � � v q � q � q � �  � � Á q  � � � � � � q p � � � v � � q � � p � u �  � � v

 � � r � � v  � � �  � � � � � p � 	 � � � � v � 	 � � q � q  � p � � � � p  � � v  � �  � � � � � �  	 �
J � ¼  � � � � � � � � � � � � z � r � p �  � � �  � � 	 � � 	 � � � n � � 	 �  � � � � � � �  � � � � � � � r � � 	

r � � � � � v q  G @ I ¯ @ S b Q B H b F W G f @ S � » � � � � �  � � 	 � � � v � � � 	 � � � v � � � � q r � � � � �  � � � 	 � �
� �  � � p 	 � q p � 	 � � � P � 	 q 	 u z 	 �  � � 4 q � � S U V �  � � S � W @ b G _ D I H _ I I ¯ � � P � 	

 � � 	 �  Ç Y � P � � ¹ \ < ? 4 ^ 6 � < ¬ P � ` S b � � � < ? 4 �  � � S � � � � v � z � � � � � � � �
\ < b � 	 q r 	 � p q r r � �  � � D F f f � � � q � � u 	 S q � � u � � < � q � � � � � �  � � z � f Y � < � �

® G @ I ¯ @ S b Q B H b F W G f @ � � 4 � 	 q  � � � r � � h \ ¬ h ~ ¬ h i � � � v � � � � 	 � p 	 � v � � �  	 	 u p �
 � q   � � � � � ¼ � 	  � � � �  	 < \ ¬ < ~ ¬ < i 	 u p �  � q  h l p � � � � p  	 < l n \  � < l n ~ � � �  �

� � � � p � 	 � � Ê j � � � �  � 	 o � B _ b W � � h l r � � 	 � �  � � o � � � � v � z � � � � � � � � h l n \ s h l n ~ �

�



� � � � � � � � � � � � 
 	 �  �  � � � � � � � � � � 
 � � � �  ! � � � � 	 $ % ' ) + - / 0 1 2 4 � 6 ! 8 8 � 
 �
� � � � � � � � 
 � � ! = � 8 � � ! � � 	 $ 
 A � = � C 
 � � % ' ) + - / 0 1 2 4 2 G I % + L + G L + 0 P � 2 ) L S � � � � �  8 V
% ' ) + - / 0 1 2 4 S � 6 � 
 � � 	 $ A V  � � ] � 8 � � 6 � � � � � � 	 �

� � ` a ) 1 + L b

� c � � � A V  � � ] � 8 � � � � � � � = � 
 A V  � � ] � 8 � � 6 � � � � g � i � = � A � � = � � ! 
 � l � 8 V
� m � l � � � ! = � 6 � 8 � � ! � � A V  � � ] � 8 � � S ! � p � 8 8 ! � 
 A � � � � � = l � q � m ] � � 
 � �

� r � �  8 � � � ! 8 
 � � � � s � � � � u $ � � = = � � 
 � � � � !  A � v ! � �  $ A V  � � ] � 8 � � �

�  = V ] � m = � � � � � � � � � � � �  ! � � � � A V  � � ] � 8 � � �  = V  � � � m � 
 � 6 ! A V  � � ] � 8 � �
�  ! � � ! = � ! ] � m = � � � �  ! � � S � � � � z { } c { � � A V  � � ] � 8 � � � � A � � � � q ! �  8 � �
� A � p 
 A ! 
 
 A � � � � = � 
 � � = � 6 � �  � A V  � � ] � 8 � � � 
 V � !  
 m � � � 
 A � � � � � � 
 � V

� 6 = � � ! 
 � l � � m � l ! 
 m � � � = 8 V � � = 
 A � 8 ! � � � � �

� ! � � # � # � � � C 6 ' � �  $ A V  � � ] � 8 � � S 
 A � = 6 � � ! 8 8 * � , . ' S 
 A � � � � � ! m = � � m �

 �  � 8 � � � � ! 8 ! � � � � = = � � 
 � = � * 
 � , S � � � � 
 �  � 8 � � � � ! 8 � � ] � � � � = � 1 � � 3 � 5 � 6

' � m � A 
 A ! 
 1 s 3 v � * ! = � 1 s 5 v � , � s 9 6 � � m � � � S 
 A � m = � � m � = � � � � � m  
 �
 ! � ! � � 
 � � � � ! 
 � � = � v

 � � 
 � � � �  ! � � � � ) - 0 ) + - � 6 ! 8 8 � � 
 � � � ] ! 8 8 � ! � � � � �  ! � 
 � � ! � � � � q ! �  8 � �
� 6  � �  � � �  ! � � � ! � � � � �  8 � 
 � � � � � ! = = � ! = � ! = � 6 � 8 � � ! = � 8 � � ! 8 8 V � = � 
 � � � 
 � � �
� � !  A � �

 � � � m  ! � 
 � � = � � � ! 8 8 � �   + 0 a + I - 2 4 � 6 � 
 � � � � � � � 
 � � � S  � �  � � 8 V � � � � � = 
 � = m $
� m � S ! = � � � � � �  ! � 
 �

� � � � � � � � � �  % ' ) + - / 0 1 2 4   - 0 £ ) � � ! � � � m  
 A ! 
 ! � 
 � � � � � � 
 � � � ! 8 8 V � = � � � �
 � �  � � A V  � � ] � 8 � � �  ! � � �

� � ` a ) 1 + L b

� ¦ � = l � q � � � � �  ! � 
 : 8 � � = � ! = � � � m  � S � =  ! � 
 � � m 8 ! � � m � 6 ! � � � � � m  � �

� ; � � � � � � m  � S ] � � ! m � � 
 A � V ! � 
 � � � � � 
 � � � ! 8 8 V � = 
 � � � � �

� + a ` - = b  = V � = � 
 � 8 V � � = � � ! 
 � � � � � m  © ! � 
 � � � � � � 
 � � � ! 8 8 V � = � � � �
 � �  � � � � � � � � � � �  ! � � � � A � � � �  8 � � 
 � � = � 
 � m � 
 � � = � � � ! 8 8 � � 
 A � ¦ ! V 8 � V � � !  A �
8 � 
 z ] � ! � = � 
 � � � = � � ! 
 � = � � � 
 � 6 © � � A � = 
 A � > ` ' 1 + '   - ` ) % � � 
 A � � � !  A

p A � � � l � � 
 � � � � ! � � � 8 � � � = 
 � � 6 © S ! = � 
 A � � � � � ! = � � � � ] � 
 p � � = @ « ! = � @ { � 6
! = � � = 8 V � 6 @ B

«
« @ { . z �

� ! � � # � # � ¬ � � � 
 D { ] � 
 A � 6 � � � � � � m  � = 
 p � � � = � � ! 
 � � � � F � � � � � ] � 
 A � ¦ ! V 8 � V
� � !  A � 6 D { p � 
 A � � �  � � 
 
 � ! � � = � � ! 
 � = � � V � 
 � � � 6 V � m � � A � � � � �

®



� � � � � � � � � 	 � �  � � � � � � � � � � � � � 	 � �  � � �  �  � � � � � � � � � � �  �

! � " � � � � �

$ � & ' ) � ) � ' � � � � � , � ! . � " $ & ( � , * ! . * " , � � / 0 2 � � 5 7 9 : ; $ 9 � : > ? � : $ B � C $ � $
2 $ ; 2 G , � 3 , * 7 : $ K L N O Q S Q O U V W X Z Q \ W V ^ W _ _ Q a b 7 c � C � 5 � � d 7 : � 5 6 f $ & (
7 6 : : g 9 C � C $ � � C � 7 & � h g $ j 7 � B

5 < � . � � = ! = > " ? 7 A . * � 2 � = " ! 2 � = > " " A 5 . � � = ! = > " E 7

C 0 j ( : c 0 5 $ & B = ! = > G , � >
n c 7 & $ ( ( 7 � 7 0 & p � C � 7 r & � 7 s C , 0 5 C 0 0 ( 0 c � C � 7 2 $ s � 0 c 2 7 : $ j j 0 c , * p / � : $ B

� C $ � 2 7 : $ K L N O Q S Q O U V W X Z } >
? � : $ B � C $ � � , � ! . � " 7 : K L N O Q S Q O U V W X Z Q \ � 0 � , * ! . * " 7 c � C � 5 � � d 7 : � : $ h g $ : 7 r

7 : 0 2 � � 5 B 2 G , � 3 , * > � 0 2 � � 7 2 � : / � � g : � : $ B � C $ � � , � ! . � " $ & ( � , * ! . * " $ 5 �
h g $ : 7 r 7 : 0 2 � � 5 7 9 >

L N � � P ) P � � � � 5 0 � � � C $ � 7 c � , � ! . � " 7 : h g $ : 7 r 7 : 0 2 � � 5 7 9 � 0 � , * ! . * " p � C � & � , * ! . * "
7 : h g $ : 7 r 7 : 0 2 � � 5 7 9 � 0 � , � ! . � " >

� 5 0 � � � C $ � 7 c � , � ! . � " 7 : h g $ : 7 r 7 : 0 2 � � 5 7 9 � 0 � , * ! . * " $ & ( � , * ! . * " 7 : h g $ : 7 r
7 : 0 2 � � 5 7 9 � 0 � , S ! . S " p � C � & � , � ! . � " 7 : h g $ : 7 r 7 : 0 2 � � 5 7 9 � 0 � , S ! . S " >

� � � � � � � � � � W X , ^ W N � } � W Z ^ U � Q \ O � N \ W � � W X U ^ W N b W U _ W O Q \ V W X Z Q \ O � N \ W �
� � , N a _ U N Z W K L N O Q S Q O U V W X Z Q \ � X � W a U Q O � } � W Z ^ U � Q \ �

¡ C � ; 5 0 0 c 0 c ¡ C � 0 5 � 2 ¢ 5 � j 7 � : 0 & � C � c 0 j j 0 / 7 & s c g & ( $ 2 � & � $ j ; 5 0 ; � 5 � B 0 c
C B ; � 5 , 0 j 7 9 : ; $ 9 � : >

¤ � 5 ! 7 " r K L N O Q b W U _ W O Q \ O W b V W a X 7 & $ : ; $ 9 � , 7 : $ h g $ : 7 r 7 : 0 2 � � 5 7 9 � 2 , � ( r
( 7 & s 0 c $ 9 0 2 ; $ 9 � 7 & � � 5 � $ j ¥ X ! Y ¦ 7 & , >

� � � � � � � § ¨ [ � � ] � _ � � � a � ' b c a ] ) f � � g � ] ) P ] � a h ) i ) � k ¬ � � W X l ! 5 6 : �
m � W Z W Q O N a L V ^ W Z n 6 : O L \ � X � N X Q � , Q O N l S � } � W Z ^ U � Q \ O � N \ W � X � W a N a }

� 5 ! l " S K L N O Q b W U _ W O Q \ O W b V W a X � Q W O Q a X � W n S a W Q b � ^ U Z � U U _ U � N b W U _ W O Q \ O W b V W a X

r Q X � X � W O N V W W a _ � U Q a X O �

L N � � P ) P � § � s � ( g 9 � ¡ C � 0 5 � 2 ¢ c 0 5 : ; $ 9 � : c 5 0 2 ¡ C � 0 5 � 2 ² >
� ³ 7 & � G � $ ´ � $ s � 0 ( � : 7 9 � 5 7 $ & s j � 7 & t u 7 � : 7 2 $ s � , B $ h g $ : 7 r 7 : 0 2 � � 5 B 7 : $ w h g $ : 7 r

s � 0 ( � : 7 9 � 5 7 $ & s j � y 7 & { p / C 7 9 C , B ¡ C � 0 5 � 2 ² 7 : 9 j 0 : � � 0 $ s � 0 ( � : 7 9 � 5 7 $ & s j � u
� C � & g : � � C � C B ; � 5 , 0 j 7 9 7 � B 0 c { � 0 9 0 & 9 j g ( � > } 0 g / 7 j j & � � ( � 0 ; 5 0 � � � C $ �

: 7 ( � : 0 c � C � s � 0 ( � : 7 9 � 5 7 $ & s j � j 7 � 7 & � C � n > r & � 7 s C , 0 5 C 0 0 ( 0 c � C � : 7 ( � : 0 c � C �
h g $ : 7 r s � 0 ( � : 7 9 � 5 7 $ & s j � c 0 5 : 0 2 � 9 0 & : � $ & � n > > "

L N � � P ) P � ¸ � � 5 0 � � ¡ C � 0 5 � 2 ² / C � & , 7 : $ : 7 2 ; j 7 9 7 $ j � 5 � � >

¹



� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

	 �  � � � � � � �  � � � ! � � � $ �  � & ! $ ) * , - 	 �  0 � � � � � �  � ! � � � $ �  � � ! 7 �  - 9 �  ; ) * 
� ) 7 7 ) = ! � � � $ � � �  � @ B � D � � � 7 7 * D �  ; �  0 � 7 L N P P Q R T V W @ � - � - 0 Y 0 �

Z
- 9 �

& � � � �  ; � � ^ T _ P Q R T V W � ! ) � � � � 7 �   � � ! � ! c # Z d # e f � g * � �  )  ; � � � � 7  � �  � ! � $
$ & ( 7 * k ;  ; �  # �

Z
Z # e k � � � � B $ �   � � � 7 � , $ ) & * k  ) = $ � � � D � �  7 ) = 0 - * )  �

 ; �   ; � 7 � 7  ; � D �  $ � k ) �  � � � � & � � s � � B � � ! � � 7  ; � ( v 7 w � � �  ) � ) = �  7 x � � � � �
! $ � , ; � � & $ � 7  $ � k  � � !  ; � ! $ � , ; D �  $ � k -

, . { } / 1 / { ~ � 	 �  0 Z d 0 e � �  B ) 7 � D D �  $ � k ! � � � $ �  � � ! 7 �  7 - � ; ) B  ; �   ; �
� & � �  �  � D � , c � d � ! 5 f 6 c � d � ! 8 f � 7 � g * � 7 � v � 7 ) D �  $ � - c � � � k � �  D � w � 7 7 � � 7 �

 ) 7 � �  ; �  � ! $ ) * , � � 7 g * � 7 � v � 7 ) D �  $ � k  ) 7 ) D � D �  $ � k 7 , � k � : - f
� ; ) B  ; �   ; � � � k � * 7 � ) � ) = � � �  ) �  7 x � � � � � ! $ � , ; � 7 � g * � 7 � v � 7 ) D �  $ � -

� ; � � � � w � �  B � � � ! $ ) * , 7 � � & 7 , � k � 7 � 7 , $ ) s � & � & � �  ; � = ) � � ) B � � ! = * � & � v
D � �  � � , $ ) , ) 7 �  � ) � & * � � � & � , � � & � �  � �  ) � = $ � D ) s � <k @ <� s � $ k � � & > � � � ) $ - c � � �
� - ! - � � � @ � @ @ � � - f

A } � � � C 1 � 1 � E � � � Q R : � Q �   T ^   Q T ¡ Q ^ _ Q L V W P Q R T V W L   � W Q £ � Q R � � Q � ¡ T ^ ¤  
� W R V ¥ ¡ ¡ Q ^ P Q R T V W � ¦ ¦ N ^ ¥ : £ G § Q ¥ � V L ¨ ¥ V R Q ¦ N ¡ Q ¥ Q T � R Q _ � ¥ _ © ¤ � L V « V L ^ P Q R T V W
R ^ : £

H � } � I I J } K ~ �  ® � ¨ ¥ V R Q ¦ N ¡ Q ¥ Q T � R Q _ � V L © ¤ � L V « V L ^ P Q R T V W R ^ L ^ P Q § N   Q T � ^ ¦ V W
L   � W Q : ¯ R § Q ¥ � V L § N   Q T � ^ ¦ V W £

° � , � $  � k * � � $ ±

H � } � I I J } K L �  ® � V L © ¤ � L V « V L ^ P Q R T V W R ^ ²
e

¯ R § Q ¥ � V L § N   Q T � ^ ¦ V W £

M Q P � T O L £

P 9 ; �  B � � $ � � ) ) w � � ! = ) $ � 7 � w � � & ) = k ) � s � $ 7 �  ) ³ $ ) , ) 7 �  � ) � � � �  ; �
k � 7 � B ; � $ � : Y ² e - ° � ! � � � $ � � @ ! � s � � � D �  $ � k 7 , � k � : @ ) � � D � � � 7 w

B ; �  ; � $ � � � ! $ ) * , 7 g * � 7 � v � 7 ) D �  $ � k  ) : � k  ! � ) D �  $ � k � � � � ) � : @ � � &
� = � )  @ B ; �  � $ �  ; � ! $ ) * , 7 g * � 7 � v � 7 ) D �  $ � k  ) : - S ) $ � 7 * $ s � � ) �  ; � 7 @
7 � � > � 7 ; � V � , ) s � k ; µ 7 � )  � 7 � � ¶ � -

P � � , � $ � ) � � k ! $ ) * , 7 B � $ � � �  $ ) & * k � & � � · $ ) D ) s - � ; � 7  � � & � $ & $ � = � $ v
� � k � 7 � $ � ; � 7 7 � D � � � � , � , � $ � � � � � � &  ; � � ) ) w 7 � @ @ � � @ � ¸ � - � � , � $ � ) � � k
! $ ) * , 7 � $ � � � 7 ) & � 7 k * 7 7 � & � �  ; � D ) $ � $ � k � �  � ) ) w � � � -

P � ; � $ � � $ � 7  $ � w � � ! $ � k � �  � , , � � k �  � ) � 7 ) = X v ; � , � $ � ) � � k 7 , � k � 7  ) � ) B v
& � D � � 7 � ) � � � ! � ) D �  $ � - ¹ D ) � !  ; � D @  ; � D ) 7  = � D ) * 7 � 7 , $ ) � � � � �  ; �

B ) $ w ) = º $ ) k w @ x � � � $ � � � & > � � 7 w � ) �  ; � � � & � � ! 	 � D � � �  � ) � x ) � » � k v
 * $ � c 7 � � � ¼ ¼ � = ) $ � � � �  $ ) & * k  � ) � f -

¶



� � � � � 
 � �

� � � �  � � � � 
 �  � � � � � � 
 �  � � � � � � � �
� � � � � �  " $ & ' � * , " . / * 1 3 � 4  5 & ' � 7 / � 7 * / ; * � = * ' & , ? * " / & , ' 7 � , * C

D F H J K H M N O Q R S & � � & ' � � & ' � ? * " / & , * ? T * = = & � ; �  W # 4 $ & 5 & � " � � C [ * ' � ]
" $ � " " ^ � ; * � = * ' & , / � ] ' ( 4 ( ) � / * R M S b d e J e N O &  " $ *  . � , " & � � + -.  3 ( 3 + 5 4 ( ) 3 + 5 5 & '

T � . � = * = C

1 k 3 4 6 l 6 n 4 o p * " 3 � 4  5 T * � 7 / � 7 * / $ ] 7 * / T � � & , ' 7 � , * C 8 & t � T � ' * 7 � & � " : ; � C
v $ * w J x y K R Q S �  � 1 = * � � " * = T ] = ? � 1 & ' " $ * ' * " �  * } . & � � � * � , * , � � ' ' * ' �  
; * � = * ' & , / � ] ' ( & � � ' . , $ " $ � " ( 3 # 5 � : 1 ^ $ * / * " ^ � / � ] ' � / * * } . & � � � * � " &  " $ * ]
� / * � ' ] ? 7 " � " & , C

D ' & � ; 7 / � 7 * / � * ' ' �  � � � = " $ * D ' , � � & � D / � * � � " $ * � / * ? 1 & " & ' * � ' ] " � ' * *
" $ � " &  � � * , $ � � ' * ' � = & G * / * � " T � ' * 7 � & � " I 1 " $ * � " $ * / * & ' � � � " . / � � T & � * , " & � �

= ? � . = K � C � * � , * & " & ' � * ; & " & ? � " * " � = / � 7 " $ * T � ' * 7 � & � " & � " $ * � � " � " & � � C
[ * ^ & � � $ * � , *  � / " $ = * � � " * " $ * T � . � = � / ] �  � ' & ? 7 � ] T ] = � C

[ * � / * ; � & � ; " � = * � � * � " � 7 � � � ; ] � � � O = � C 8 � / " $ & ' 1 & " & ' , � � � * � & * � "
" � ? � � * ' � ? * ? � / * = * � � & " & � � ' � � F H y H Q R � N Q H K Q R S & ' � ? � 7 ( � W # 4 $ & 5 . �

' . , $ " $ � " * & " $ * / ( & ' � ; * � = * ' & , / � ] 1 � / " $ * / * * t & ' " ' U W # ' . , $ " $ � " " $ *
/ * ' " / & , " & � � �  ( " � W # 4 U � & ' � ; * � = * ' & , ' * ; ? * � " 1 � � = " $ * / * ' " / & , " & � � �  ( " �

W U 4 $ & 5 & ' , � � ' " � � " C [ * , � � ' & = * / " ^ � ; * � * / � � & � * = / � ] ' " � T * * } . & � � � * � " &  
* & " $ * / " $ * ] � / * � ' ] ? 7 " � " & , ; * � = * ' & , / � ] ' 1 � / " $ * ] � / * * � * � " . � � � ] , � � ' " � � " � � =
* } . � � C � * � , * ^ * , � � � & * ^ " $ * ' * " � O = � � ' � } . � " & * � " �  " $ * ' * " _ ? �  
; * � * / � � & � * = / � ] ' ' " � / " & � ; � " : C

1 k 3 4 6 l 6 n 4 o [ * * � = � ^ _ ? ^ & " $ " $ * , � ? 7 � , " � � 7 * � " � 7 � � � ; ] 1 & C * C �  . � = � �
? * � " � � ' ] ' " * ? �  � * & ; $ T � / $ � � = ' �  � ; * � * / � � & � * = / � ] ( & ' ; & � * � T ] ' * " ' �  " $ *
 � / ? c

d � f ( ) h  3 ( 3 + 5 4 ( ) 3 + 5 5 j k l + ; W # 4 k m �
� n o

v $ * ' 7 � , * p� � � O = � & ' ; & � * � " $ * } . � " & * � " " � 7 � � � ; ] C

� * � , * � ' * } . * � , * ( r ; _ ? , � � � * / ; * ' " � ( &  � � = � � � ] &  & " , � � � * / ; * '
. � &  � / ? � ] � � , � ? 7 � , " ' . T ' * " ' C

t � n ¡ n u 6 l 6 n 4 ¢ o w £ H e J d J � J F S J y p� N M N y K H d H y K H y e J ¥ e £ H O £ J N O H J ¥ w R M H d J N y e ¦
§ e N M R O J b d R O e x R x M K J Q z M d R O H ¦ w £ H N y O � x M N J y � . p� N M R y H b w H K K N y F { N e £

J d H y N b R F H ¦ | x H y O H = � N M O J b d R O e ¦ ~
� � k � � 6 � k � o ª / � � * " $ � " = « r & ' $ � ? * � ? � / 7 $ & , " � " $ * 3 � � ¬ 5 � ' 7 $ * / *  r m � C

p * " � T * � ¯ � ] � * ] ; / � 7 $ �  " $ *  / * * ; / � . 7 � � " ^ � ; * � * / � " � / ' C ª / � � * " $ � "
= � & ' � ¯ � � " � / ' * " C

�



� � � � � � � � � � � � 	 
 � � � � � � � � �  � � � � � � � � � � � �  � � � �  � � � � � � � � � � � � �  
� � � "  � " $ & " � $ + , " � $  & . / 0 1 " � 0 � 1 4 6 8  � � � " � $ � 9 : � 1 / < / 1 & > � � $ / 0 B � + � � $  

� � � $ " � $ � + & > � & > & $ " + / 0 4

& � > � $ ( 4 ) G I J K G N O P R S O K S S O I U P X G Y K Z [ P ] K _ Z P _ I Z O [ _ I Z U P a c J N _ K J I c N
K a R K [ N g I S Z c i K U a I j k O c N R c a a U I K N N X g I Y c g _ a c J c S a [ c G S O I N I p X I a j q G ] K J S P G I
J K G J P G N S Z X J S I t _ a c J c S a [ K ] K g c a [ P ] g I S Z c J N P G $  S O K S c G Y X J I S O I S P _ P a P | [ j
k O c N c N c g _ P Z S K G S } U X S R c a a G P S U I Y c N J X N N I Y c G S O I N I a I J S X Z I N j � I I � + � P Z � � � � j

, - � / 0 2 3 5 - 8 � 9 � : < - � = 3 > � � : � � � 5 - < 5 � : 5 < - � = 3 >

C  E � � � � � � � � I S � U I K G c G � G c S I J P g _ K J S g I S Z c i K U a I S P _ P a P | c J K a N _ K J I K G Y
� U I K | Z P X _ K J S c G | U [ O P g I P g P Z _ O c N g N P G � j

� I N K [ S O K S � � 0 � 1 � 1 � 0 & � � � $ � � � 0 � � $ & : " c ] ] P Z I K J O N I p X I G J I F G H I P ]
Y c N S c G J S I a I g I G S N P ] � } S O I Z I I t c N S _ P c G S N K � L N � K G Y K N X U N I p X I G J I F G H O I
N X J O S O K S a c g G H O R S � K X G c ] P Z g a [ P G J P g _ K J S N X U N I S N G P S J P G S K c G c G | L j

� � � � � � � � � � � � T 	 �   ¡ � T ¡ £ U ¤ � � � � �   � � " $ & " � $ + , " � $  & . / 0 1 " � 0 � 4 � � � �
 � � � $ & : " � 0 � / � � " $ & " � $ . , � / 1 0 & � � / � : & : 1 . ,  , / 1 & > � � $ / � 1 & �  4 V + � � � � 0 � 1

� 1 � 0 & � � � $ � � � 0 � � $ & : " & � $  4

W � � � X X � � � � � � � � � �  � � � $ & : " 9 : � 1 / < / 1 & > � � $ / 0 � & § ¨ 4 V + � � � � 0 � 1 � 1 �
0 & � � � $ � � � 0 � � $ & : " & � ª « 4

Z  > � : > � \ : � � � 5 - < 5 � : 5 < - � = 3 >

_ I t S R I Y c N J X N N K G c g _ P Z S K G S J O K Z K J S I Z c i K S c P G P ] J P G ¯ I Z | I G J I | Z P X _ N j a I °
G P S I U [ c ± � ² S O I N I S P ] S Z c _ a I N ± S � e � f ² N � g N X J O S O K S S � e � f K Z I _ K c Z R c N I
Y c N S c G J S } S P _ P a P | c i I Y K N K N X U N I S P ] � g j

� � � � � � � � � � � � £ 	 �   ¤ � � � � � �  � � � / � µ � / � � 0 & > " � 0 � > � � $ / j �  . � � & " & . & � / 0 � .
1 " � 0 � � � � �  � � � $ & : " � 0 � / � �  , + & > � & > & $ " + / 1 > 1 & � � 4 V + � � � � 0 � 1 � 1 �

0 & � � � $ � � � 0 � � $ & : " / 8 � � � & � . , / 8 � + � / � � : 0 � � � 0 � / & � & 8 � & � c ± � ² / 1 " $ & " � $ . ,
� / 1 0 & � � / � : & : 1 4

l m  � � � �  º � � O P R S O K S c ± ª « ² c N O P g I P g P Z _ O c J S P S R P J P _ c I N P ] ª « ¼ ½ ¨ j
± ¾ c G S ¿ J P G N S Z X J S K g K _ ] Z P g c ± ª « ² S P S O I X G c S S K G | I G S U X G Y a I P ] § ¨ j ²

� I S � K J S K N K J P G ¯ I Z | I G J I | Z P X _ P G � j Â G I a I g I G S q N � c N � . . / " � / 0
± Z I N _ j " � $ �  & . / 0 } Z I N _ j + , " � $  & . / 0 ² c ] c S O K N � G c S I P Z Y I Z ± Z I N _ j O K N K X G c p X I

� t I Y _ P c G S } Z I N _ j O K N I t K J S a [ S R P � t I Y _ P c G S N ² j

� � � � � � � � � � � �   � r � , � . � > � � � & 8 � / 1 � / � + � $ � . . / " � / 0 B " � $ �  & . / 0 B & $ + , " � $  & . / 0 4

s



� � � � � � 	 �

� � � � � � � � � � � � � � � � �  � " $ % ' ) * + " % ,  � � " � * % � � � " + � � * � + " % ,  � 1 3 � ) � �
� � � , " � ' 7 , � � � ) % � � % * � � " � * � � " ) > � � �  � " $ % ' ) * + " % ,  � � A % � + * % � � � " + � � * �
+ " % ,  � 1 B , * � � * � � " � * � � " ) > � � ) % � � � � $ � � � + ) � � � $ � F " ) � � F % H I ) � * � K L M 1
N � ) � � � � % " � A � � � $ � � � � S � � � I � I $ � U � ' ) � � A � � K L � M � % � * � � " � * � � " ) X
> � � ) % � % Y � � Z � ] _ ` � Z a b a c � � e f Z _ g h � f i c 	 1 � % " A % " � % � � � ) � k � � � � " � � �* % ) �

 � � A � � ) m � � � � � ) � K � M 1

� o % � � � " + � � * � + " % ,  � % � �  � � " � � H � " � ) � � " % I , * � I $ � s � � " ) � + � � I  � " X
� ) � K t L M 1 N � � ) " % " ) + ) � � ' I � w � ) � ) % � ) � A % " � + � � � " � ' { � � � * % � � � " + � � * �

+ " % ,  � * % � � ) I � " � I ) � � � � � � ' � * � , " � � � " � H � � � � � � � * � ' ' ~ _ 	 g � � ] � * % � � � " X
+ � � * � + " % ,  � 1

� � � � � � � �

3 � � � ) � ' � * � , " � k 3 H ) ' ' � S  ' � ) � � � � A � ) � ) I � � � % Y � � �  " % % Y % Y � � � Y % ' ' % H ) � +
� � � ' Y m % Y � � � o % � � � " + � � * � s " % ,  N � � % " � A 1

� � � � � � � � � � � � � �   ¡ ¢ � ] ¤ e � � h � f i c � g ] _ ¥ h � 	 � g f ¥ ` � � h � ¥ g � h � f i c f ¥ ¨ © �
� 	 	 i � � ] b � ] ¤ _ 	 ] f � 	 _ f ¥ « � � � ¬ � ¥ ~ � g ] 	 c � � 	 � � ` _ ¥ h f � _ � ¥ ] � ] _ f ¥ � ¥ ~ � _ ] b f i ]

c � � � e f Z _ g � Z � � � ¥ ] 	 � � b � ¥ ¤ b � 	 � ® ¥ _ ] � ¥ f � � � Z 	 i e h � f i c � 	 i g b ] b � ] ¤ ° � _ 	
� i g b 	 _ � ¥ �

U � � � _ 	 ) � �  � ) " ± � ² � ³ % Y I ) � � ) � * �  % ) � � � % Y ¨ © 1 � � � � � � � � � � H % � S � �
± � © ² � © ³ k ± � µ ² � µ ³ g � f 	 	 ) Y � µ � � I � µ $ � ' % � + � % I ) � � " � � � * % A  % � � � � � % Y ¨ © �

� � © ² � © " 1 U � � S ) � $ ) � 	 _ � c Z � ) Y Y % " � � � " � & ' ¤ k & $ I % � � � % � * " % � � $ 1 U � � S ) �
) � b a c � � e f Z _ g ) Y ) � * % � � ) � � � % Y � � � w S � I  % ) � � � % Y � � �  � " $ % ' ) * � ' � A � � � % Y ¤ 1

º � " � ) � � � � ¼ � � ' � A A � {

* � � � , � � ¡ ¢ � ] ¤ e � � 	 _ ¥ � b � f � � � � � � � b � ¥ ] b � � � _ 	 � 	 _ � c Z � b a c � � e f Z _ g
� � _ 	 �

� � � � � � 	 �

� N � � ) I � � % Y w � I ) � + � � ) A  ' � � S ) � + % � � $ � * ¼ � % � � � H % " ¼ % Y 0 ) � ' � � � K L À M k
� � I H � � Y , " � � � " I � � � ' %   � I $ � 
 ) � � * � � � + K À 1 M ) � * % � � � * � ) % � H ) � � � � �
0 ) � ' � � � Á � � ' ) > � � ) % � Â " % $ ' � A Y % " A �   ) � + * ' � � � � � % Y � % A � % A % "  � ) � A �
% Y � , " Y � * � � 1

� N � �  �  � " K L Ã M ) � " � � � � " ' % � + � � I � � * � � ) * � ' 1 N � � � , � � % " � � � + ) � � � �
� ) * � % , � ' ) � � ) � K L Ä M 1

�



� � � � � 
 � �

�  � � � � � � � � � � � � � ! � $ � & ' � � $ � ' �  � ' �  � � ,  - � / 0 ' / �  � 4 ' 5 & � � 7 � 5 � � : � ' � <
�  � ' � � = >

? @ B D F B I J L N P Q R S T Q W X Y Z [ \ W ^ R ` b X W d W ^ Z b e Q Y X Q b ^ Q X Y Z [ \ Z b g h i k m R n Q
W ^ R ` Z b ` d Z Y ` Q b R W R ` Z b r \ Y Q d Q Y e ` b X W b v ` m S n W d W R Z Y d ` Z b Q z Q { Q b R Z m Z Y v Q Y W R
z Q W d R � � R n Q b S n W d W � b ` R Q b Z Y { W z d [ T X Y Z [ \ � d [ ^ n R n W R S � � ` d � [ ^ n d ` W b i

� / � ' � � � � � �  � ' � � = � � � - 5 $ � � $ ' 5 ' � � = < � � �  � 4 ' 5 & � � 7 � 5 � � : � ' � <
�  � ' � � = > � ' � � & � � � �  � = � �  ' $ � $ � � � � � � � $ � 5 �  � < � � & � ' � � � � � � � � � � � � � 5 $ � '
� ' & � � - � � � - � � � 5 ' � � ' & � � � $ ! � �  � ' � � = � � � � � � � � � � � - 5 $ � & � 5 � ' = � = ' � � >
  ' � 7  � � � �  � < � ' ' / ' / �  � ' � � = � � � � � � 5 $ � � � �  ' � � $ � � � � � � � � � � / �  � � � - � �
' � � � 5 � - � � ' 5 £ � � & � � � � 5 7 � � � = � 5 � � ' � � � � = � 5 � � ' / ' � $ � � � > ¦ / �  � � � - � � < - � - ! ' � � � � �
' 5 � < � ' & � � �  � � � � � � � 5 � � ' / - � � = < � � Y Q X [ z W Y W � ` d � �  � �  = - � 5 ' � � ' 5 � � � � � 5

�  � ¬ � � $ < ' � 5 � � ' / -  � < � � ! ' � � � � � � = � 5 � � >
¦ � � � � / ' � � ' � �  � 4 - � � ' 5 £ � � 5 7 � � � � - < < � ' - �  � � � > 
 ' � - � ' = < � � � � � � $ � � � � � 5 �

< � ' ' / � � � � : - ! - � 0 � < - < � � � � � � >
¦ / � � = � < � � = � � � � ¦ � � � � $ � � � � � � - < � ' ' / ' / �  �  ' � � � ¯ � = = - � � � 5 7 � � � � - £

� � = � � � � / ' � � ' � � 5 7 � � � � >

� � � � 
 � � � � �

� � �  > ± ' � � � - � � ² >  - � � � ' � � - 5 $ � > ³ ' � � � > � n Y Q Q r v ` { Q b d ` Z b W z Z Y T ` m Z z v d
W b v R n Q ` Y X Q Z { Q R Y ` ^ d R Y [ ^ R [ Y Q d � & ' � � = � � � ' / 	 W b Z Y W { W d Q R ¶ · b R n �Q d Q d

� 	 W b Z Y W { W d W b v ¶ · b R n Q d Q d � > ² ' � � �� � ��  - �  �� = - � � ¸ � � $ � 
 � - 5 � � � ³ - � � � �
� � � ¹ >

� � � ± > � > ± ' � $ � � �  > º � ' < ' � ' 7 � � - � �  - � - � � � � � � - � � ' 5 ' /  � < � � ! ' � � � 7 � ' � < � > � i
� { Q Y i � W R n i ¶ Z ^ i � � � � ¹ � » � � ¹ � � � � � � � � � >

� ¹ � ± > � > ± ' � $ � � �  > 4 ' 5 & � � 7 � 5 � � 7 � ' � < � - 5 $ � ' 5 ¬ 7 � � - � � ' 5 � < - � � � > ¦ 5 � Q r
Z { Q R Y ` ^ X Y Z [ \ R n Q Z Y · v Z � b [ b v Q Y � � W b T Q Y Y W � � � � � � � < - 7 � � � ¹ � � � > $ �

: � � � � � � � ± � � � � 5 � � � � � >

� � � ± > � > ± ' � $ � � �  > ³ � - 5 - � 7 � ' � < � - 5 $ �  � ² � � / � � � � ' 5 ¾ � � � � � � > � i ! Q ` b Q
� b X Q � i � W R n i � � � � » � � � � � � � � � � >

� � �  >   > ± � � $ � ' 5 - 5 $ º > � - � ! � 7 � � > � Q R Y ` ^ d \ W ^ Q d Z m b Z b r \ Z d ` R ` e Q ^ [ Y e W R [ Y Q �
& ' � � = � ¹ � � ' / � Y [ b v z Q n Y Q b v Q Y � W R n Q { W R ` d ^ n Q b $ ` d d Q b d ^ n W m R Q b � � [ b r

v W { Q b R W z 	 Y ` b ^ ` \ z Q d Z m � W R n Q { W R ` ^ W z ¶ ^ ` Q b ^ Q d � > ² < � � 5 7 � � £ ' � � � - 7 � ± � � � � 5 �
� � � � >

� �



� � � � � � 	 � � � � 	 � � � � � � � � � � � � � � � � � � � � � �  � � � � � $ � 	 � � & � � ' � � * + , � � � �
. 0 2 	 � � ' � 5 � � � 6 7 8 9 7 ; = � ? ; A = B C C � D E E C � E F � B C � � E �

� 	 � 
 � � � � � � 	 � � * B L � � � 5 M 	 � * B 	 � � � � O 	 $ 	 � � $ � � 5 � � � � �9 Q R �9 ; S U 9 9 ; ; A �9 Q S U 9
Y 9 Z [ S Q \ ] 9 Z B � � 5 � 2 � C E E C � ' _ 9 ` ; \ S 9 � Q ; 9 Z U 7 � ? ; A 9 R ? ; U ` Z � & $ � � � � � � 0

� � � 5 	 � B g � � 5 � � B C � � � � i � � � � � � $ � � k l $ � � , � 5 � m � � � � � o � � 2 � � � � o � � 2 � �
k l $ � � , � 5 �  � � � � $ � � B s � * k 	 � v � � 5 � � k � � 2 2 	 � l �

� � �  � � 	 k 2 	 � � � _ 9 Z [ S Q \ ] 9 Z S 9 z ? ; U 8 9 R 9 7 ; A { ] 9 S } Q z U ~ \ 9 Z 9 ; z 9 \ S Z } Q S Y Z �
O � 
� $ � , 5 �  	 * � � � � � 5 � � � � * � * � * � � � �  k � �  k � 
 	 * k 
� 2 	 * � m � � � � 	 �  
� � � O � � 0
$ � , 5 �  	 * � � � � ' * k � � � � * � * � * � � ' � � � 	 �  � � 
 	 * k � 2 	 * �  	 5 � � � � 	 �  k � B
� � � . � C . � � � � � � � � � * 
� i � � � � O 	 � * � � � � 
� $ 	 � * � 2 � � * � � 
 	 * k 
� 2 	 * � m � � � � 0
� * � * � * � � � �  k � �  k � 
 	 * k 
� 2 	 * � m � � � � 	 �  
� � B & * � 	 � , � � � � B � � � . � L k �� � � B

5 � � � � � � � � � * 
� i � � � � O 	 � * � � � � & * � 	 � , � � � � � � B & * � 	 � , � � � � B � � � . �

� � � 
 � � � � � � � � � � l 	 � � v � i � & � � � � � � � L k � 	 5 � � , � 	 �  * � � � � * k � � � � 2 �
6 7 8 9 7 ; = � ? ; A = B C E � � . � D � � F � � . 	 B � � � � �

� C � � v � 
 �  � � � � � � � � � 	 * � � � 5 l  � � � � � � � � � $ � k 	 � � * k �  � � � � � � � �  � $ � � $ � � * l �
� � � 7 7 = � ` ? Y = � ` U = � 9 7 7 = � 9 S = � 6 � ? ; A = B � � � � � D . . . � . E � B C � � F �

� C C � � � o 	 , 	 � � � � � � � � � � �  � � � � � $ � 	 � �  �  k � � 	 � � � � � $ � � � 7 7 ? z Z Q � � ? ; A = B
C . � D E E 	 � F C � B C � � � �

� C � �  � s � o � k � � � � 	 � � o � � � 
 	 � * � � � � � �  � � * � m � 	 � �  � � ' � � 2 	 5 � � � � $ � � � �
� S Q ` = _ Q 7 Y Q 7 � ? ; A = � Q ` = $ ¢ & B F F � � � D . . C � . F � B C � � 	 �

� C . � 
v � o k l � 	 � � O � � � 5 	 ¤ 	 � $ � B � � � * � � � � � \ S z 9 Z [ S Q \ ] 9 Z A { ] 9 S } Q z U ~ \ 9 Z
Y � ? ] S �9 Z � U ( A ? 9 z � S Q R Q 8 � g � � ¦ k �	 � � � � g � � * � � � �  � B g � � * � � B 
 � B C � � � �

O 	 $ � � � ' � � 2 * k � & � � � � & � 2 � � 	 � � � ¤ l $ � � , � 5 �  o � � � $ � k � 5 � � � g � � � B
C � � � �

� C E � 
v � o k l � B � � ¤ 	 � � � � � � B 	 � � � � � � � § � � � ¦ l B � � � * � � � � � S Q \ ] ; A 9 Q S { � S Q R ?
[ 9 Q R 9 ; S U ` ? z 8 U 9 * ] Q U 7 ; B � � � � � v � � � B � � B C � � C � s � � 5 � &  � � � * � +  O � , 5 � � k � � �
� � � � �  �

� C F � 
 � o � � 2 � � � ¤ l $ � � , � 5 �  � � � � $ � � � � . Z Z ? { Z U 7 [ S Q \ ] ; A 9 Q S { B $ 	 � � � 	 F �
� � . � & $ � � � � � � B � � � 1 � � ¦ B C � � 	 �

� C � � 
 � 2 	 $ � � �  k � i �  * � � � � � * � � � � � � � 2 � * � �  � � � � $ * k � � � l � 	 � 	 � 5 	 , 5 � 	 *

 " " # % ' ' ) ) ) + - . "  + / 0 1 . 3 4 5 + 7 1 / ' 9 ; < = . # > 3 4 0  ' 7 # ? 4 @ " 5 +  " - B �

� C 	 � 
 � 2 	 $ � � �  k � 4 { ] 9 S } Q z U ` R ? 7 U � Q z Y Z ? 7 Y Y U Z ` S 9 ; 9 [ S Q \ ] Z B � � 5 � 2 � C � . � '
� S Q [ S 9 Z Z U 7 � ? ; A 9 R ? ; U ` Z � g � � ¦ k �	 � � � � g � � * � � � �  � B g � � * � � B 
 � B � � � C �

C C



� � � � � � � � 	 �  � � � � � � � � � � � � � � � � � � � � ! � # � � & � � � � � � ) � � � , . � � � � ) � � � , .
2 � � ) 	 ! � 4 � � 	 � � � , � � � � �

� � � � 7 � � � � � � � , � � ) � ! � : � ! � ; � , � � � ! � > 2 � � ) 	 ! @ 2 � � 	 � ! � � � ! ) � > � � � ! � � E F F H I K M
� O K R M  H U V M @ � W Y � Z [ \ � � W � @ \ � � � �

� \ � � 7 � � � � � � � , � � 	 � � _ : ; � � � > � � � ! ` � � ! � > ) � � � ; � � , � � 2 � � ) 	 ! � �  � � � f � � , �
� � � , � � @ � � � � , � � ) ! , � � � � � ; > � � _ : � � j � > � � � ! � � k O I l M � F H k M � O K R M p E q M @
_ r r Y � � Z [ s r � r � s W _ � Y � � � � , � � � � � Z @ \ � � _ �

� \ � � u � � � ! ! � w � � 7 � � > � � , � � � y � � , ) � � � � � 2 � � ) 	 ! ` � � � � � � � � � � � ! � | ) � ! � � ! � :
; � , � � � , � 	 � � � � ! � 4 � � 	 � � � , �

� \ \ � � � � � � � � ! ~ . � � � ; j � � � , � � � � � � � � 2 � � ; � , � � � � � � ! 	 � � , ! � > � . 	 � � j � � � � _ :
; � � � > � � � ! � � � � U H � I � O I � k E � � l O I � R � � H k � E U � q � � F O I � � E U � l � � O k � � q � �
� 
 
 � � @  � � ) ; � \ � � � > � E I � E I � O K R M p E q M � H q K � k H � E K H p H k M @ 	 � 2 � ! _ � s � �
� � ; j � � � 2 � � � �  � 4 � � ! ! @ � � ; j � � � 2 � @ \ � � _ �

� \ _ �  � � � � � ! � � � � O � E � � � H U l H I � q E U U H q K H � F O K R H F O K � q O U � O � H k l M � � � , � ; 	 � � � � .
� � , � � ; � , � � � � � ! � � � � ~ � �� ) ! � � � � ! , � � � � � � @ � � ! , � � @ � # @ � � � W � � � � , � � � � �

` � , � � 	 � � > � � � j . � � 2 � � ) � � ! 2 � � � � � � � ! � � �

� \ s � 4 � 7 � � , , � w � � � � � � � � � > � ~ � 7 � � > � � , f j � � � � ! 	 � � � ! ` � , � � � f � � , � � � � � I I O U l
E � � O K R M @ � � � [ _ r � � � @ � � � _ �

� \ r � 4 � w ) ~ � � � � � ; � � ; � � 	 � � � � � � y ) 2 � , � ! � > & ) � � ! � � � 2 � � ) 	 ! � � M ( H � I H
� I � H � M � O K R M @ _ � � [ � � r s @ � � � � �

� \ W � 4 � w ) ~ � � � � � ; � � ; � � 	 � � � � � � y ) 2 � , � ! � > & ) � � ! � � � 2 � � ) 	 ! [ � � � ) , � � � � �
� � � E F � U H + O I O U � l � l � � E H I l � � � � � � @  � � ) ; � � _ r � � > � H q K � k H � E K H l � I
� O K R M @ 	 � 2 � ! _ s s � _ r _ � 7 	 � � � 2 � � @ � � � � � � @ � � � � �

� \ � � 4 � w ) ~ � � � � � �  � � 2 � � � � 2 � � ) 	 ! � � � u � � ; �  ¥ ! ; � , � � � � . 	 � � j � � � � ! 	 � � � ! �
� H � � H O U O I � � M � O K R M @ \ _ Y \ Z [ � r � � � � � @ � � � s �

� \ � � & � § � � � � � ) ! � � � u � ) 	 	 � � ; � , " � � , � ) ; ) � � _ : � � ; � � ! � � � � � � � � � � � 2 :
> � � , � 2 ~ � � , � � � � E � E U E � � @ W [ r � r � r � � @ � � W � �

� \ � � # � � � ; � � � # , � 	 � � � 2 � � � � � � � � � � , � � � ! � , � � � � > � � � � , �  � � . � . 	 � � j � � � �
2 � � ) 	 ! � � M ( H � I H � I � H � M � O K R M @ r W W [ s � � � � @ \ � � s �

� _ � � � � " � � ! � � � � 2 � . � I � K H � k E � � l E � F O � � � I � q U O l l H l E � l � k � O q H l @  � � ) ; � � � r
� > � H q K � k H � E K H l � I � O K R H F O K � q l � 7 	 � � � 2 � � : � � � � � 2 @ � � � � � � @ � � � � �

� \



� � � � � � � 
 � � � � � � � � � � � � � � � � � ! � � # � � & � ) ! � , � . � 0 2 3 4 5 6 7 9 5 : < > @ 5 : 5 3 < C 9 6 F : G
H C : 2 F 2 9 J 3 F 2 > 9 � M � ) N O � � � Q � R S 7 6 H 2 3 7 � F H 7 9 C : � 5 H Y 7 Z 5 H C 6 9 � ] ^ _ 
 � � � _ �

` � _ ) 
 � � � � � � � b _ � � � ) � � � ! R _ � O � � � e � _ O � � h . � � � � ] � 
 ) ) , � ) ) �

� � j � � � � 
 � � � � � � � � � ! ` � � 
 O O � _ O � � � � �	 h � _ � _ , � 
 � � _ N � � � � M � � q N � !
r s 
 r s ! N _ � � � 
 � � � � N u ) 
 ! 
 � � � � u _ 
 � � � ) ) � � _ � ^ � 
 � � � � e _ N ^ ^ � � � � 5 H Y | � : : | �

j Q � } � ~ � j �
�

Q � � � � � j �

� �




