
Technical Report

TR-2005-005

Polynomials Positive on Unbounded Rectangles

by

Victoria Powers, Bruce Reznick

Mathematics and Computer Science

EMORY UNIVERSITY



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

� � � � � � � � � � � � � � �
� �  � � � ! � " � � # $ � � % � ! � � � � � � " & ' � !  ( � � � ) � � � " � � *

+ ! � � , - " � . � � � � � , *
/ � 0 � " � � * 1 / 2 3 2 4 4

5 � ( � � 6 � 7 " � � 8 9
� �  � � � ! � " � � # $ � � % � ! � � � � �

- " � . � � � � � , � # : 0 0 � " � � � � � - � ; � " � < ' % � !  � � = " *
- � ; � " � * : > ? @ A 3 @

/  � � 0 2 3 * 4 3 3 B

C D E F G H I J K F L H E M E I E H F M F L H E

1 � . � " � � � ! � � 0 = � ; � � � � � � � N O P Q & � � � � ! � " � & ; , � R " � � � � � � � #  � 0 , " � ! � � 0 � " <
� S ( � 0 � � � � � T U V W 3 X Y Y Y X U Z W 3 [ * � � � � " � � � � % � � � � � � � � 7 � �  � 0 , " � ! � � 0 \ � % � � % � �
 � � � � � . � ] � � " � " < " � = � � � . � ^ � " N � " � � � ! � � # � ( ! � � # � S ( � � � � � " & � % �  � 0 , " � ! � � 0 �

U _ ( � � & � � & � � � � � ; � N ` ) ( � % � � �  � � � � " � � � � � " � # \ � � � " � ! ! � & � � � � � � � " � � � � � � % �
 � � � � � . � � , � � " & � � � � " ` a % � � � � ! � � ; � ( � � % � � b � � � � " � � � # � ( � % � �  � � � � " � � � � � " � � 0 � �
% � . � . � � � � ( � �   0 � � � � � � " � * " � � � ; 0 , � "  � � ; 0 � ! � � # �  � � ! � 7 � " =  � 0 , " � ! � � 0 # ( " � � � � " �
� " � � ! � � 0 = � ; � � � � � � � � `

: " � � � � N � � � � !  � � � * ) � % ! c( & = � " % � �  � � . � & � % � � � " ,  � 0 , " � ! � � 0 � % � � % � �
 � � � � � . � � " N � � � " � % �  � � � � & � � = � " � � � � � & ; , � % � U _ d � * � ` � ` * � % � � � � � # R " � � � � ( ! � � #
� 0 � ! � " � � � # � % � # � � ! e f U f gV Y Y Y U f hZ X i _ j T 3 X @ [ * � % � � � � � � % e f � � � � ( ! � # � S ( � � � � � #
 � 0 , " � ! � � 0 � ` � ( � � " � � % � �  � � . � & � % � � * ( " & � � � � � � � � " � � " & � � � � " � * � % �  � � � � & � � � � "
; � � �  0 � � � & ; , � % � S ( � & � � � � � ! � & ( 0 � * � % � � % � � � % � � � � � # � ( ! � T e k l e V U V l m m m l e Z U Z [ *

� % � � � � � � % e _ � � � � ( ! � # � S ( � � � � ` - � � " = � % � � � � � ( 0 � * > � � � � � � � % � � & � . � 0 �  � &
� 0 = � � � � % ! � # � � R " & � " = � % � ! � " � ! ( ! � # �  � 0 , " � ! � � 0 � " � ( � % � � !  � � � N * � % � � %

� � � " � # � � ! � � % � � � " � � � � � ! � & � R " � � �  � � = � � ! ! � " =  � � ; 0 � ! `
n % � � % �   � " � � % � " N � � " � � � � !  � � � o ) � % � � & � � � � % � � � % � � " � % � � � # N � �

" � � � � !  � � � � " & & � ! N W 2 * � % � " ) � % ! c( & = � " d � � % � � � � � � � � 7 � � � � " � � " " � . � � % � 0 & *
p q r s t u v w x y s v z s t { v t x | s } ~ v y w � } � � y � � � w r s t v � w r � y ~ x y � � y u x | � r s z x t r x � v t v � s t s w s } � ~ y � � x t t � y v w � } s � x y �t s | v | � � u ~ z � w x } t x � � v | y s | � � ~ v s } � s w r t � ~ ~ � y w � y � u w r x � � � � � � | x � t ~ v �} v �� q r s t u v w x y s v z s t { v t x | s } ~ v y w � ~ � } � � y � � � w r s t v � w r � y � t � ~ ~ � y w x | { � w r x � � � � � } | x y � � � � � � � � � � �� � � � � � v y | � � � � � k � k � � V � k � � � � � } � � ~ s } s � } t �   } | s } � t � v } | ¡ � } ¡ z � t s � } t � y y x ¡ � u u x } | v w s � } t x ¢ ~ y x t t x | s } w r s t~ � { z s ¡ v w s � } v y x w r � t x � � w r x v � w r � y t v } | | � } � w } x ¡ x t t v y s z � y x £ x ¡ w w r x � s x � t � � w r x t x v � x } ¡ s x t �

¤



� � � � � � � � � � � � 	 
 � � � 
 � � 
 � � � � 	 � � � � � � � � � � � � � 
 � � � � � � � � � � � 
 � � � � � 	 	 � � � 	 
 � � � � �� 
 � � � � � � � � 	 � � � � � � 	 � � � � � � 	 � � � � � � � � � 	 
 � � � � � � � 
 � � � � � � � � � � � � � 
 � � � � �	 
 � � � � � 
 	 � � � 	 � � � � � � � � 	 � � � � � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � �� � 	 
 � � � 	 
 � � � �  � � � � � ! � 	 � � � � � � � � � � � � � � � � " � � � � � � 	 � � 	 � � � � # � 
 � � 
 � � �� � � � � � 	 � � � � � 	 � � � � � � � � � � 	 � � � � � 	 � � � � � � � � � � � � ! � � � � � � � � � � � � � � � � 	 � � � 	 $ �% � � � 	 � � � � � � � � � � � � � � � � � 	 � 	 � � � � & � 	 ' ( ) � * + , , , + � - . � � � � 	 � � / � � 	 � � � 	 � �� � � $ � � � � � � � � � 0 1  ( � 2 3 * + , , , + 3 1 4 5 � � � � � 	� ( � 6 ( 7 8 ) 9 : � 1 ; < 8 = 9 > ? @ . ,% � � 	 � A 0 #1 � � � 	 
 � � � 	 � � / � � 	 � � � � � � � � B � � � � � � � � � � � � � 	 � � � 0 1 � � � � � � � $ 5 � � $C : A 0 #1 	 � ! � � � � � $ � � � " � � � � 	 � � � � � � � � � � � � 1 � % � � 
 � � � � � $ 	 
 � 	 � � � � � � � � 	 � �A 0 #1 � � D E D � F 
 � G H I E H J I H � � � � � � 	 � � � $ ' 5 � � � � 	 � � K 6 5 � � 	 
 � � � 	 � � / � � 	 � � � � � � �	 
 � 	 $ � � A C � L M* , , , � L N- � 
 � � � C � � � � � � � � O � : ) @ + P . � F 
 � 	 � � 5 � 	 $ � � � � � � � � � � � 	� � K 6 
 � � 	 
 � � 
 � � � C Q R S T C T U V � W T � T X +� 
 � � � 	 
 � � � � � � 	 � ! � � � � � � � � � � � � " � � � 	 $ Y Z ) P + , , , + [ . 5 � � � � � � 
 C \ � � � � � � ] �� � � � � 	 � � 	 � � � � � 	 � � 	 
 � � � � � � � � � � � 	 
 � ^ _ ` J H ` a b c d E J _ e I 5 f 6 5 � 
 � � 
 � � � � � � 	 � � �� � � � � � � 
 � � 
 A � O � g P � � � � � � 
 � � � � � � � � F 
 � 	 � � 5 � 	 $ � � � � � � � � � � � 	 � � f 6 
 � �	 
 � � 
 � � � C Q R -S h i * C h � h ,j � � � � � $ 5 f 6 Z K 6 5 � � � � � [ ? k 5 	 
 � � � � � � � � � � � � � � � � � � � � $ � 	 � � � 	 � l � � � � � � 5 	 
 � � �� � � � � � � � " 	 � � � � � � � B � � � � 	 $ � m � � � n � � � � � 5 � � ' ( ) P o 3 + P R 3 . 5 	 
 � � 	 
 � � � � � 	 � 	 $= P R 3 > = P o 3 > ( p = P o 3 > #k q = P R 3 > R p = P R 3 > #k q = P o 3 > = P >� 
 � � � 	 
 � 	 = P R 3 > = P o 3 > � � � � � � � � $ � � f 6 5 � � f 6 ( K 6 � � � 	 
 � � � � � � �r s t u v w x y v z u v y x v { | v x u z u } u z ~ � m � � � Z � 1 � � � < : 0 1 5 � � � � � 	 � < ? @ � � �� � < = 3 > ? @ � � � � � � 3 : � � � � < � @ � � � � � < = 3 > � @ � � � � � � 3 : � � % � � � � � � � � �� � 	 � � � � � � � � � � � � � � � � � � � 	 � � � 	 $ � 
 � � 
 � � � � � � � � � � � � � 	 � � � 	 $ � 	 � � � � � 	 � � 	 � � / � � 	 $ � �= F 
 � � � � / � � 	 � � � � � � � � � � � � � 2 P � 5 j 
 � � 4 5 � � 	 
 � � � � 	 � n 	 � � � � � � � 	 � � � B � � � � � 	 � � �� � � � � � � � � >m � � 3 ( = 3 * + , , , + 3 1 > : � 1 5 � � � 	 � = 3 + P > � � � = 3 * + , , , + 3 1 + P > : � 1 � * 5 � � � � � 	3 �  ( = 3 + P >; = 3 + P > ; : ' 1 � � 1 � * ,� � � � � � � � Z � 1 � � � � � � � � � � � 	 � & � 	 � � ( ) 3 � ; 3 : � . � � � � � 	 � � � � 	 
 � � � � � � � �� � ) 3 � ; 3 : � . � m � � � n � � � � � 5 � � � ( � # 5 	 
 � � � � � � � � � � 	 � � � 	 
 � � � � 	 
 � � �l � � � � � 
 � � � 5 � � � � � � � 	 
 � � � � 	 
 � � � l � � � � � 
 � � � � � � � 	 
 � � B � � 	 � � ��



� � � � � � � � � � 	 � 
 � � � 
 � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � �� � � � � �    � � 	 � � ! " # � $	 � � � % � �� 	 � � �    � � 	� 	 � � &  ' � 
 � � ( 	 � � � � ) 	 * $ � � � �    � � 	 ! " # � + , - 	. / � � 0. ! $ 1 0 # 2 � � � + ! 2 $ � 3 � 
 � � � � 4 � 
 
 � �� � � � � � � � � � 5 � � � � � � � ! # � � � � � + ! # ) 	 * $ � � ! � � � � � !  � 6 !7 � � � 5 � � � 8 9 : ; < = > ? @ < A B 8 : C ? > ? @ < : D E � 
 � � � � � � � � � � F � � � E � � � � � 4 
 � � � � G H � �E � I � � � 
 � 5 � � G H � � E J � K H � � E � L � � � � � � � M � � � � � � � � 4 � � � � � � � � N � � F � 
 � �� � 
 � � � � " O � � E # ( 0 � � � � � � � P ! # � 0 P 0 , + � � � � � � � � � � � � P � Q ! # � 0 P 0 , Q R � S � � �� K H � � E T � � � � � � + � H � H ! # H � � � � � � � � � � 
 � U � N � � F � � 5 � � � � � � F � � � E � V � � � 
 F �� � � � E � � � N � � � � N � � � � � � � � 
 � G H � � E � � � � � � � � N � � � F � � � � � � � � � F � � � � � � � �� � E � �W X Y Z Y [ \ ] \ Y ^ _ ` a b 8 8 : C < E c ( 	 ? C = A : C < d e D d � � � : f d < g 9 < < � hi ? j k l < 9 < < m ? C > C n K H C : > l e > � o n ) 	 * $ p H : D E ? q � G H : D E hi ? ? j r f E ? C = : s 8 e = > t > l < D � G H : D E ? q � K H : D E hi ? ? ? j r f � � � �    � � 	 � � ! � E � u E � t > l < D � 	 � � # H hv 9 : : f h w 5 � 6 ! � 4 � � � F � � � p n K H � � E � � 
 � � � � � � 5 � 
� � � ! # ) 	 * $ � � ! � � � � � ! p n ) 	 * $ � � !  
 � 
 � � E � � 
 � F � � � � � ! � ' � 
 � � � ! � � � � � x N � � � � � � � 4 � � � � � K H � � E � � � � � � � � G H� � E � � � � N � ) 	 * $ � � � � � � � � � � � � 5 � � 5 y ! � � � � � N � � � � N � � � � E � � p n � � E� � � � � � � � � � � � � p n z y � � E � � ' � � � � � 5 � � � � � � � �� � � �    � � 	 � � ! # � � �{ | } � � ~ { �� �    � � ~ { �	 � � ! �4 � � 
 � � � ~ { �� �    � � ~ { �	 � � ! � E � � � � � 	 � � K H � S � � � � ~ { �	 � � K H 
 � 
 � p � � � � � � 
 � 
� � N � � � N � � � � � ~ { ��� ~ { �	 � � �    � � ~ { �	� ~ { �	 � � �� � � � � � � � � E � � � � N � E � � N � � � � � � � � � � � � � � � � � � E � � � � � 5 
 � � 
 � N � � � � � � � � � � � � � � � �4 � � � � � � � � � � � �    � � 	 � � ! � E � �' � M � � � � � � � � E # E � � y # y � � � � � # � � � 7 � N � � � � � � 
 � � M � 
 � � � 
 � � � � � 
 � "
�



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

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

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


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

   
� � � � � � 	 � � � � � 	 � � � �

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

* � � ( � � � � � + � & � � � � � , � � & � � - � ( � � � � � � � � � � � � � � � � � . � � � /( � � � � 0 � � � � � � � �
1 $ 2 3 � � 4 � � � � � � � � � � � � � � � � � % � � � � � � � � � � � � � % � � � � � � � � � � � � � � � � � � � � � � � 5 ) 6 � � � %

& � � � � � � � � � � � � � % 7 ( � � � � � 1 $ 8 3 � � � � � � & � � � � � � � � � � � � � � � � 9 
 � � � � � � � � �
� � � 4 � � � � � � � � � � � � � � � : ; < = >? � � � � � � � � � � @ � � � � � � A � : )

B � � � � � � � � � � � � � % . � � � � � � � � � 1 $ C 3 � � � � � � & � � � � � � � � � � � � � � � � � � � � � � �
� � � � � D % � � � � � � � � # 8 � � � � � � � � � � � � � � & � @ � � � � � � � � � � � � � � � % � � � � � � � �

� � � � � ) � B - � � � A � � � � � � � � � � � � � � � � & � @ � � � � � � � � � � � � � � � � 9 � E � � � � � � � � � � � � �
� � � � � � F ( � � � � � � � � � ( � � � � � � � � � ) � � � � � � � � � � � � � � @ � � � � � � ( � � � A � ) � � � � � � � � �
� � � @ � � � � � � � � � � � � � � � - � � � � � ( - � � � � � � G � � � - � � � � � � � � � � � � � � � � � � � 4 - 4 H ( � � � � � �
� � � I � � � � � � � 1 D 3 ) � � � 4 � � � & � � � � � � � � � � � � � � % � � � � � � � � � � � � � � � � F ( � A � � � � � � � �

� � � � � 9 5 � � � � � � � � � � � � � � J � � � � � � � � � 4 � � � � � � � & � � � � � � � � � � � � 5 � & � � � � � � 4
� � � � � � � K � � � ( � � � � � � � � � � � � � � � � � � L � ) � � � 4 � � � � � � � & � � � � � � � � � � � � � � � � � � � � �
� F ( � A � � � � � % � � � � � � 4 � � � � � � � � � & � � � � � � � � � � � � )

! � � � � � � � � % � � � � � & � � � � � � � � � � % � A � � � � � � � � � � � � � � � � � � ) 6 � � � � 4 � M � � � � � � �
� � A � � - 4 5 # N � $ ; = > � O P % � � & � � � � � � � � � Q # 1 ; $ R $ 3 - ( � $ ; = > S
 � Q ) . � � 1 $ T 3

� � � � � � � � � � � � � � � � � M � � � � � )
� � � � ( � � � � � 1 $ � 3 � � � A � � ( � � 4 � � � � � � � � � � � & � � � � � � � � � � � � � � � G % � � & � � � � � #

1 ; $ R $ 3 � � 1 � R U � ) � ! � � � � � � � � 4 � � � & � A � � � � � � � � � � � � � � � � � A � � � � - � � � � � � � � � � � � �
� � � � � � � � � � � � � A � � � � � G � � � ( � � � � � � � � � � N 1 ; $ R $ 3 R 1 � R U � R G P ) � V � � � � � � � � � � � � �
� � � � � A � � � % � � � � � � � � � - � � � � � � � , � � & � % � � � � � � K � � � ( � � � � � � � � � � � � � � � � � � L ) W � � - � � �
, � � & � � � � � � & � � � � � � � � � � � A � � � � � � � � � � = � � � � � � = 
 G % � � � � � � � � � ( �
� � � � & � � � F ( � � � � � � � � � 4 � � � � � � � ' � � � � � � � � � � � � � � � � � � � � � � � 4 � � � X ) ! � & � � � , � 5 #

N $ Y = R $ ; = P % � � � � � � � # 1 ; $ R $ 3 % � � � � Z � � � � � � � � � � � A � � � � � � � � $ [ $ C ) B � � � �
� � � � � � � � � % � � 5 # N $ ; = > P % � � � � V � , � � � � � � A � � � � � � � � � � � � � � � � - � � � � � $ [ D � %

� � � J � � � � � � � � � � � � � � � � � � � - � 1 \ 3 � ) � � � � ( � � � � � � � � & � � � � ] � � � � � � � 4 $ ^ � � 1 $ � 3

_



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

 � � ) � � � � 	 
 	 � � � � � � � � 
 � � ) � 	 � "

# 
 � � 	 $ � � � � 	 � � � 	 � � � 
 � � � � � � ( � ( 	 � � � 
 � � � 	 � � ( � � � ) � � � � � � 
 � 	 � � � � � � 
 � � 	 ( � � 
 	 "
* � 	 � 	 � � 	 � ) ( � � � � 
 	 � � � � � 
 � 	 � � 
 � ( 	 �  ) � � � � � 
 � � � � 	 � � � � � + � 	 � � � � , � � � 	 � � �
( � � � ) � � � � � � � � � 	 � � 
 � 	 � � � � � � 
 � � 	 ( � � 
 	 � � 
 � $ 	 � � - 	 � � 	 
 � � ) � � � � 	 � � � � 	 
 	 � � � � � � .

� / 
 � 0 1 � 1 2 3 � 0 1 � 1 2 � / 
 4 1 0 � � 1 � � � 1 0 5 � 1 � 5 6 7
� 8 
 � 0 1 � 1 2 3 � � � � � � 8 
 4 1 0 � � 1 � � � 5 6 7
� 9 
 � 0 1 � 1 2 3 % 0 � � � � � 9 
 4 1 0 � � 1 � � 6 7
� : 
 � � � � � 3 � � � � � � : 
 4 � � 5 6 7
� ; 
 � � � � � 3 % 0 � � � � � ; 
 4 � 6 7
� < 
 % 0 � � � � 3 % 0 � � � � � < 
 = >

? � 
 � 	 � / � � � �  ( � � � � @ ! � � 
 � @ A � � � 	 	 B ) � � � � 	 
 � � 
 � % & & � � � � � � " C D � � 	
E ) � � 
 � � � 	 � ) � � � % & & � F � � � � � � 
 � � � � � � � 	 � � $ 	 � � " ? � � 	 � � 	 � 	 � � 	 � 	 
 � � D � � � $ 	 � � 1 G 2

� � � � % & & & � � � � � � � � � � / " * � ) � � � � + ) � � � 	 ( � � � � + � D % & & & � F � � � � � � � � � � � � / "
H � � ( � � ( 	 � � � 	 � � � � � � � � � < � + D � � � � � � � � � � 	 � ) � � � � � I � � + 	 � � � 
 � J � + � 
 � � 
 " � : � 
 �

� ; � � 
 � � � 
 � $ � ' � �  	 
 � � � 
 � � � � 
 	 � � � � ? � � 	 � � 	 � 	 � K � $ � � - �  ( � � 	 � � � � � % & & � � � � � � � � �
� � 	  7 $ 	 � � � � � ( � 	 � 	 
 � � �  ( � 	 	 , �  ( � 	 � � 
 � � 	 
 	 , � � 	 � � � � 
 " # 
 � � � � � $ 	 $ � � � � � � $
� � � � % & � � � 	 � 
 � � � � � � � 
 � � 	 � 	 � � � 	 � " * � ) � � � � ( � � ( 	 � � � 	 � � � � � � � � � : � 
 � � ; "

L � 
 � � � D � $ 	 � � 
 � � � 	 � � 8 � 
 � � 9 " M 	 � � � $ � � � � % & & � F � � 	 � 
 � � � � � � � � � � 8 � 
 �
� � � � % & � � � � � � � � � � 9 " # � � � � � � � � � 
 � ( 	 
 B ) 	 � � � � 
 $ � 	 � � 	 � � � 
 � � % & & � � � � � � � � � � 8
� � � 9 "
N O P Q R S T U V R W P X U T U V U T Y Z [ \ P W T U ] U ^ Z T U P [ " J 	 � 	 
 � � D � � � 	 � 	 � � � + 	 	 
 � 
 � 	 � 	 � � � 

) � � 
 � � 	 ( � 	 � 	 
 � � � � � 
 � � 	 � � 	  � � ) � � � � � � � � 	 � � ? � �  _) � � 	 
 � 
 � E ) � � 
 � � � � � � 	 � 	 � '
� ( � 
 � � � � � � � � �  � � � � � ( � �  � ` � 
 � ( � � D 
 �  � � � � � 
 � 	  � � � � 	 + � � � � � 	 � � " a � � � 	 � � 	 � b 2 � G 2
� 	 � � � � + 	 � �  	 � � � � � � � c 
 � � 
 � � � � $ 	 � + � ) 
 � � � � � � 	  � 
 �  )  � � � ( � � D 
 �  � � �
� 
 � + � � � � � � � � 	 � � 	  � � � � 	 + � � � � � 	 � � 
 � � � � $ � � � � � � � 	  	 � � � � ( � � � ) � 	 � � � 	 	 , � � �
 � 
 �  )  � 
 � � 	 � �  ( � � � � � � 	 " d � � � � � � � � e 2 � � � $ � � � � � � 
 � � 	 ( � 	 � 	 
 � 	 � � � � 	 � '
� � � 
 � � � + � � � � D � � 
 � � � � � 
 � � � 	 � 	 
 	 � � � ( � � + � 	  � � 
 + 	 � 	 � ) � 	 � � � � � 	 � �  ( � � � � � � 	 �

� 
 � � 	 
 � 	 � � 
 + 	 � � 
 � � 	 � ) � � 
 � a � � � 	 � � 	 K �  	 � � � � " # � � ) � 
 � � ) � � � � � d � � � � � � � K �
� � � + � � � � D � � 
 � � � � � 
 � � � 
 � �  � � 	 � D � 	 � � � 	 � � � ( � � f 	 � � � � 	 ( � � � � � � � � D "
g R h [ U T U P [ i j k Z O X l Z m m n o ? ) ( ( � � 	 � 
 4 p 8 � > > > � p q 6 r s t � 
 � @ � s t � � + � ) 
 � 	 �

� � �  + 	 � � $ � 
 � � " M 	 � � D @ � � u v w x y z x { | } ~ � ~ � � { � x � y { � { } � � � � � � � � 
 D � � s t
$ � � � � 	 � � � � 	 � @ � � � 	 � 	 	 , � � � � � ! � � � � � � � @ 0 � � � � � � � � + � ) 
 � 	 � � � �  + 	 � � $
� 
 � � "
� l R P O R ] i j k Z O X l Z m m n o � | � � { u � � � u � � � � } w u w x { � � w } ~ @ � u u v w x y z x { | } ~ � ~

� � { � x � y { � { } � � � � � � } v � � � � � u w � { � � | v w x y � � ! � u { v � w v v � � � � } � � | � { � @
{ } � � { � � | � u { } v � � � � { � � w � v � u � � � w y � � x � w � � u � v � � � 4 � � � 0 � � � � � 9 � � 6 �

�



� � � � � � � � � � � � � � 	 � � � � 
 � � � � � � � � � � � � 
 � 
 � � � � � � � � � � � � 
 � � � � � � � �
� � � � � � � � � � � � � � � �  ! " # $ % & ' ( ( ( ' % ) * ' + , - . / 0 1  ! + 2 3 4 ! 5 6 � 7 8 9 �  : +

� : : ; < = 9 > = 4 ? ! @  @ A B 4 7 =  9 4 C = > D 4 ! 5 6 /
E B 4 4 A / F � 	 � � � � 
 � � � � � � G + 2 3 � H � I � � � � 
 J K L M 
 � � I N � + O J P Q R ' S T Q U T V 3 � �

5 6 � W � � � � X K - . � � � I Y � Z X # S G � I � � � I � � � � 
 
 � � � [ V 3 N � Y \ V 3 
 ] � I � I N �
\ ^ Q U T _ J P Q R ' S T Q U T 
 � � ` ` U ` ` V [ � a I � � + O \ ^ V 3 � � 5 6 b $ U ` ` ` U ` ` V [ * N � Y

� I � 
 � � � c � � 
 + O \ ^ � 
 d � ] � Y � Y 
 � � � d � c � � � � 5 6 �
a I ] 
 
 � � N � � c � � N � � � � 
 � � � � � � � � e N � � � � G � � � � � � � � � � � � 
 � � � � � � � � 
 � I � f � � Z I � g � � � � � �

� 
 � � 
 � � � � � � � � � � � � 
 � Y � � � h 
 i N � 
 I N c c � � � N � j 
 � � k l m n f o � � N 
 � 
 � I � � � + � 
 � � � 
 � N d c �
d � ] � Y � Y 
 � � � d � c � � � � 5 6 G N � � � � � � � Y ] � � 
 � � N � � � � p � � N � � � Z � I � � � � � � ] � � 
 +
] 
 � � Z q � N � � � Z � � � � � � � � � ] � N � � � � 
 � � � � c � � � Z � I � � � � r � � � � � 
 � 
 � � � � 
 
 N � � c � 
 � � � � I N �

 ] 
 � � � � � g

s t u v w x y z v { u y x | w x y z v { y z } ~ � y � � v � w x y z v

o � � I � 
 � � � � � � � � � � � 
 � Y � � � I � 
 � � � N c Z � d � N � � 
 � � 
 5 � G 5 � G N � Y 5 � � � � I Z � � � � N � � � 

" � G " � G N � Y " � � h 
 
 � N � � Y N d � � � G � � I N 
 d � � � 
 I � � � � I N � Q � � T I � c Y 
 � � � � I � � 
 � � 5 �

Q � � c d � � � T � � � 
 � � 5 � N � Y 5 � Q � � I � � Y � � � � T � o � � I � 
 
 � � � � � � G � � � � c c � � � 
 � � ] � � � p � c � � � �
� p N � � c � 
 
 I � � � � Z � I N � Q � T Y � � 
 � � � I � c Y G � I � � I � � � c � � 
 Q � � T Y � � 
 � � � I � c Y �

� � � 
 � � � � � � 
 � Y � � � � c � � � � � N c 
 + K - � n # - # L k U ' � m � I � � I N � � � � � � � � Z N � � � �
� � � I � � c N � � N � Y � � � � � � 
 � � � � � 
 ] c � 
 N d � ] � � I � � � I � � N � � � � � - � � � � 
 I N c c ] 
 �

� I � 
 � N � Y N � Y � � � � � � � c � Z � � I N � ^ � 
 8 : @ � 
 ^ � 3 � � L � N � Y ^ � 
 8 @ � 
 ^ V 3 � � L �
o � � � � � G � � c d � � � k � m Z N � � N � � � 
 � � ] � � � � � � 
 N � � � � 
 � 
 � � c � � � � � N c � I � � I � 
 � 
 Y � �

L � � a I � 
 � � � 
 � � ] � � � � � � N 
 � � � � p � c � � � � G N � Y � I � � � 
 � � p � c � � � � � p N � � c � � N 
 
 � ] � Y
d � i � � e j � � k � m � � � � l � � � � i � � � d � � 
 � � 
 � � � c � � � Y � � c d � � � � 
 � � � 
 � � ] � � � � � k � � m � � �
� � c c ] 
 � � I � 
 � p N � � c � � � � � � 
 � � ] � � � I � � � ] � � � � � p N � � c � 
 � � � I � 
 
 � � � � � � n

� Q U ' � ' � T # U � � � � � � � O Q U � � � � U � � � � U � � � � U � � � � � � � � � � � � � T � � U � � � � � (
� � � � � 3 G c � � � � Q U ' � ' � T # � Q U ' � ' � T � � Q U � � � � � � � T � G � I � � 
 � � � � � � 
 � 
 Y G

� � � 
 N c 
 � � Y 
 � � � V 3 � o � � 
 
 I � � � � � k � � m Q N � Y � I � � d 
 � � � N � � � � � � N c c � Z � � 
 d N � j
� � k � m T � I N � � I � � � � � � 
 
 � 
 � � � � N � � 
 � p � � � 
 � � � 
 � 
 � c � 
 � Y � � � � � � � Y � � 
 � � � d � c � � Z
� � � I � 
 � � � � G � � 
 � c c � � 
 � I N � 
 � � : 4 7  � � 
 � � � � � � N c ] � � 
 � G � � � 
 � � � 
 � 
 � o � 
 N � � G � I �
� � � I � Y 
 � 
 k � m � N � d � ] 
 � Y � � 
 I � � � I N � � � � 
 � Y d ] � � � � 
 � 
 
 � � � K Q 3 ' � � � � T �

� � � � � � � I � Y � � N � c 
 � � � �   � Q U ' � T K L k U ' � m d � � I � Y � I � � � Z � � � e N � � � � � 
 � � G � I � �

 � � 3 _ � _ � � � � G   � � 
 � Y N � Y � � � 
 � 
 � h 
 N c � � N Y � � � � � Y G 5 ¡� � 
 � I � ¢ � � � I � � �

� � � � 
 � I � � � � c ] 
 � I � � £ ] N � � � G N � Y   ¡� # � � G I � � � �   � 2 3 � � 5 � N � Y   � � 
 � � � � �
¤ � � a I ] 
 Q � T Y � � 
 � � � I � c Y 
 � � 5 � �

¢ � � � � I N � � � 
 � � � � � � U N � Y 
 � � � � N � � � � 
 � Y � � + Q U ' � T #   � Q ¥ U ' � T G 
 � � I N �
+ Q U � ' � T #   � Q U ' � T � a I � � + ¡ Q U � ' � ' � T # � � Q U ' � ' � T G I � � � � + ¡ Q U ' � ' � T � 3 
 � � U V 3 �

¦



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

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

0 � � � � 1 � � � � � � � � � . / � � � � � � � * � � � � � 2 � * � � � � �3 - � � � 
 � � � � � 2 � � � � * � � � � 4 
 1 � � � � � � ) � � � � � 5 / � 6  ! 6 " # � � � � 	 7 � � � 8 9 � �+ 
 � 2 � � � � � � + � � � � 4 � � � 7 �
: ; < = > ? < @ A B ? C D C E F A D F = C G H A I B = H

� � � � � � ) � 2 � � * 
 � � 	 ' � � 2 	 , � ) � 1 � J � � 2 � � � 
 � � � 	 $ K L M ! M N � 0 � � � � � � � � ) �� � � 
 � � � � � � � � � 4 � � � � � � � � � � � � 	 � O � � P ' $ Q M L  ! M &  R � � 2 P , $ Q M L  , R � 0 � � �* � � � � � � 	 S T $ 	 S U $ 	 � � 2 V S U $ � S U � + � * � 
 � � W P , W $ M � 3 � � � 1 � � J � 2 � � � � � � � �� M # � 1 � � � � � � � � � V S T $ � S T � X � � � � � � � S U Y � S T � � � 1 1 � 2 � � � � � � 2
M Z  $ � M Z  # ,[ & � M L  , #[ � \ #

� � � ) � � � � * � � - � � � � � 0 � 
 � � � 2 � � � � � � 1 � � � � � ) � � � � � � � � � � � J � � P ' � � P , � � � V � �� # � � 2 � � * 
 � � � � 4 K L M ! M N �] � � � 2 � � M # � � 2 � \ # � � - � � � � � � � � � � � � � � � � ^ _ � � � � � � � � 	 , � ) � 1 � 4 � � � � J �� � � � � � P ' � � P , � + � - � � � � � � � � � � � 4 � � � � � � � � � � J � � � � � 4 � � 1 � � 2 � � � � � � � � � � � �� � � � � + � � � ` � � � � � J � � � � � 1 a b ,, � � � � � � � � � � � a b , ' � � � + � - � � 0 � � � � � � * � � 4 � � �V � � 2 � � � � � � � � c � * � � 2 + � � � � * � � � * � � � 4 � � � � � � � � � � � 2 V $ � � _ � � 	 ' � ) �� � 1 � � � � � � � � - � � � � 1 � \ # � � � � � d ' e f U g h i $ � d ' e f g ' j f g h i � � 2 V d ' e f U g h i $ V d ' e f g ' j f g h i �k � ) � - � � � � � � � � � * � � � � � l$ V � � � � � * � � " � M L  # � ) � � * � � - � 2 � � � � � � � � � � � � 1 � � � � �� d ' e f g ' j f g h i � 2 � � � � � � + � � � � 4 � � V d ' e f g ' j f g h i $ V d ' e f U g h i �m n o p q o r s t u v w w x y z P $ Q � ' �  # ! ( ( ( ! � { �  # ! " R | y y v } ~ � ~ � � 	 S $ 	 ' � � ~ z � � x �z � z � � � �  # � � K  N � � z ~ � � z � �  ! " # $ � �  # & " � M L  # l� V S � � � w � � � | } v � � � � � � � # �� x z y � x � ~ x � � � x � P �
� � x x � � ] � � � � ) � � � � � � � � � � � � � * � � � � � � � � � � � � � 2 � � � � � �

� �  ! " # $ � �  # & " � M L  # $ � % �  ! " # & {� �
� ' � � �  ! " # � � �  # & � { j ' �  ! " # � " ! � � #

) � � � � � � � � � ` � � � � � � � � � 
 � � � � � � � # � � � 2 � � � � 2 � � �
� $ Q 8 � K � ! M # W � � � � � 8 # l$ � R �

�



� � � � � � � � � � � � 	 
 � � 
 � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � �  ! � �� � 
 
 � " � � � 	 � # $ � � � % � � & � � � � ' � � � ( � " � � � ) * � +
# � � � , � � � - � � * . / � � 
 � � , 01 $ 2  . $ � � 
 � � # $ � � � , . 0 3  � � 
 � � 4 � 5 � 6 �

7 	 � � . $ � � 
 � � � � � � � ! 	 � ' � � � � � � � ' ! 	 � ' � � 	 � 	 � � 
 8 � � � � 	 
 � � � � 	 � 
 � 	 ' � � 9 � � � �: $ � ; 0 < ! " � � � � : $ % � � = � � > * � 	 � ? $ � @ � � � � � � � � 9 � � � � � � " � � � � � � � � � � � � � 9� � 	 � 8 � � � � � � � � � � � 9 � � � 	 � ' � � ' � � � � 6 � � � � ; A � � � ; A 3  ! " � � � � � � � � � � � � � � B � � � � �� � � � � B � � � � � � ! 	 � ' � � � � � 	 � � � 
 
 	 � � � � � � � � � � � C � � � � " � � � � � 
 � � � � 	 � ' � � ' � ! � � � �� � 9 � � � � � � " � � � � � � D � �  � C � � � 
 
 � " � � � 	 � > * � ! � � � � 	 � � 	 � � . $ � � 
 � � � � 	 � � � � � 	 � � �E � � � � � 9 . $ � ) 
 � � * F G H ;$ I G � ) 
 � � ! " � � � � � � 	 � ! ' � 9 J H $ I G � � 
 � � * � � � � � � � � � � � � � � �� � " � � 	 � ' � 9 J H $ I G � ) 
 � � * ? $ I G 	 � ' " � � � �
H $ I G � ) 
 � � * 0 < K L1 M 2 / N $ I G I M � ) � �

M



E � � 	 � � � � � � � � 	 � N $ I G I M � � � * � � � � � � � � � O P � � Q � 8 � � 
 8 � � � � 	 
 � " � � � � � 	 � � � � � �� � � � � � � D � � ' � � � � � 	 
 
 8 R � � � ! � � � � � N $ I G I M � ) � * � � � � O P � � @ � � � ? $ I G * � 	 � ' � 	 � �H $ I G � ) 
 � � � � ! � � � 	 � � ! 	 � � 
 8 � � � � 	 
 � � ) 	 
 � � � ! � � � � 	 � . G � ) 
 � � * . G � ) � � @ � � � � � � � � !� 6 � D � � � � � �
# � ) � , � � � - ) � * . / � ) � , 01 G 2  . G � ) � # G � ) � , � . 0 3  � ) � 5

@ 	 S � � 9 � � � � 	 � � � 	 
 ' � � � � 	 � � � � � � D � � � � � ' � � � � � � � � � T � 	 � � � � " � � � � � � � � � � � � � ! " �� � � � � 	 � � - ) * . 0 3  � ) � � @ � � � � � � � � 	 ' � � � � � � � 	 � � � � � � � � � � � 	 � . 0 3  � � � � � �= � � # � ) � * U � � � � � � � U % � � @ � � � V � ) 
 � � * U , � � � - ) � � � � � � � � � � � � � �  ! D � �V W� > ! � � � � � X X � A � 	 � 
 � � � � �  � Y D � � � � � ! � � " � � � � ! � � 	 � � � " � � 	 S � � � � � � � � � � � �� � 	 � ' 	 � ' 9 � � � � 	 � � � � � � � �  ! � � � �
V � ) 
 � � * U , � � � - ) � * U , � 4 � � - ) � ;Z , � � � - ) ; �Z � [ \ 5

@ � � � � � � " � � � 	 � [ \ W* > \ � � � � � � � 	 � � � � @ � � � � � � � ' � � 9 � � � � � � � � � � � � " � � S � � � � 	 � 8� � 
 8 � � � � 	 
 # " � � � � � � � � � � � � � � � � � - � 
 � ] � �
^ _ ` a ` b c d c ` e f g h i j � * � ; * � - � 
 � ] k l m n o p q r r s p i # � l � ) 
 � ] t u v i w s x x s y z n {m | i i } q z ~ m x i n j �� z � # � � s n � �

� z z � # % � s n � m n o # � � � 
 � 
 � � % � �
� z z z � # % � s n � m n o j v i x i m o z n { j i | � s w # m p m r s x � n s � z m x z n � z p s w j v iw s | � : � � � y v i | i : � l m n o � * ' � 9 # t

�



� � � � � � � � � � 	 
 � � 
 
 � � 
 � � 
 � � � � � � � � � � 
 	 � � � � � 
 � � � � � 	 � � 
 � � � � � 
 	 
 � � � � � 	 � �� � � � 
 � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � 	 � � � �  � � 	 � � ! " # $ � � 	 � � � % � � � � � �� & � � 
 � � 	 � � � " � ' � " � ( � � # ) � � � 
 � � � � � � � � � � � 
 & � � # * � � + , � � � - � 	 � � 
 � � � - ,. / 0 1 1 1 0 . 2 3 � � � 
 � . 4 � � � � � � 
 5 
 � � 	 � 
 � � � � 
 � 
 � - 
 � � � � 
 � � 6 3 � 
 � � � � - � � 7 � 8 � 9 � ,: 2; < / 9 2 = ; . ; � 7 � 8 � # $ � � 	 - � � " � ' � " � , . 2 � " � ' � 3 � � � � � � 5 � & � � � . 2 � " � ' � > " # ? � 	 � �. 2 � 7 � 8 � 5 � � � @ � 
 � � � � � 
 
 5 A 8 2 #B � 	 � & & � 3 � � � � 
 � � � � � � � � � � � � 
 & � � # C � 	 � � � � 
 � � 
 � � � � � - � � � � � � � > " � 
 
� � � � � � � ( D E � � � � � � � F � # � � � , " 3 � � � 	 � , " � 	 � � � � � � � � , � " � ' � " � G
 � � � & & � � � � - � " � ' � " � > " @ � � � � 
 � � � � � � # � � � > " 3 � � � 	 � � � � � � � � � � 	 � � 3 � � 	 � �� � H � � � H � � ( � # ) � 	 � � - � � H � � � H � � > " 3 � � � � I � - � � � � � � � � > " #
J � 
 K 	 � & 
 � � � & � � � � � � � � L � � 
 & � � � 
 
 � E # $ � � � 
 
 
 � � � � � � 	 � � � � � 
 
 5 M N O P B 
 
Q � 7 � 8 � R " 
 	 � E 3 K S 8 , T � 	 � & 
 
 U � � � � � 
 	 � I � 
 � � @ & � � 
 & � 	 
 5 � � & Q � 7 � T � # $ � � �� � � 
 � � � � I � 
 	 M V ' � ' O 3 � � 
 5 � � � � � � � 3 � 
 � � � � I � 
 � � 
 � � � 	 � � � � 
 	 � 
 � � � � � Q � 7 � T � � 	W X Y Z [ \ M 7 O # C � ] � & � � ^ � � � � � � 
 � � � � � 
 � 
 � 
 
 5 � 
 � � 
 � � � 	 � � � � 
 	 
 � Q � 7 � 8 � � 	 W E #_ � � 	 M ' " O 3 � 
 
 - � 7 � ( \ M 7 O 
 � � � � 
 � � + 3 � � � � K 	 � `- � 7 � 3 � � � a � b � c d e e � d f c � � � g
 � - 3 @ � � � � � h � � � � 
 	 `- � 7 � , � ' 0 7 � 2 - i ' V 7' 0 7 j kC � � 
 & & � � � � 
 5 � � � � � 
 � � � & � � � 
 
 5 M ' " O � @ 
 � � � � � l 
 � 
 � � � � 
 � 	 � � 
 
 5 Pm n o o p q r s � - � 7 � ( \ M 7 O � � t u v � u u + w e x u fy � � � � `-  + z { e x u | b d } { e ~ { � - � V ' � �, " �� � ``- , � 2 - �� � - > " � f M V ' � ' O { � `- > " � f M " � � � d f t + � Q � `- � , + �C � � & � 
 	 � � � � h � � 	 � � � � � � I � I � 
 � � 
 	 
 � � 	 
 & � 
 � � � & � 3 � 
 
 I � � � � M ' " 3 $ � � 
 
 � 5 � O #$ � � � � � � � � � � � � � � 	 � � � � � 5 � 
 
 I � � @ 
 � 	 � � 
 
 � �
 & � � � � $ � � 
 
 � 5 � 
 
 5 M ' ' O #� � � � � � � � � � � � r � b � � � c u - � 7 � , : 24 < / T 4 7 4 ( \ M 7 O d f t� , 5 � 	 � - � 7 � � V '  7  ' � > " k� u e `- � 7 � , : 24 < / T 4 � ' V 7 � 4 � ' 0 7 � 2 = 4 , : 24 < / � 4 7 4 d f t } u e`� � - � P , 5 � S � � � 4 � � 6 , " � k k k + � k� { f d } } ~ w } u e � � - � P , + � + V ' �� `� � - �� ks � � > � � - � w e x u f e x u � � u � � { u f e c � � e x u � � } ~ f � g { d } � ' 0 7 �   `- � 7 � d � u � � c { e { ¡ u �

¢



� � � � � � � � � � 	 
 � � 
 � � � � � � � � � � � � 	 � � � � � � � � � 	 � � � � � �  ! " # � $ $ $ � " % & � ' () ( 
 * � � + 	 � � � � � , � � � � + 	 � - � � � � � � � � . / , 0 1 " 2 3 4 %� 5 # 6 � " � �  ! " & 	 � � � � 	 � 	 
 � � �! 7 8 � 8 & � � 9 
 : 
 1 0 2 � � � � � � � 1 6 # � $ $ $ � 6 % 2 : ' � � 9
0 1 " 2 3 ; < %= � 5 # � � 1 6 # � $ $ $ � 6 % 2 1 8 * " 2 � 1 8 7 " 2 ; < % > � $

? � � � , @ A B C D E
1 8 * " 2 ; F0 3 ; < %= G 5 # H

G "
G

� 1 I 2
J K E B E H

G : ' L M B N O O P QR M B ' ( P ( 
 * � S O E D T G 1 U # � $ $ $ � U % 2 V E D K E W M E X W C E Y D M L "
G

C Y D K E E Z [ N Y \ C M Y M L
1 8 * " 2 ;

%= G 5 # U G 1 8 7 " 2 � 1 8 * " 2 % > � ]
W O E N B O ^ E N W K T G �  ! U # � $ $ $ � U % & S N Y _ V ^ W M Y \ D B ` W D C M Y S H

G 3 T G 1 6 # � $ $ $ � 6 % 2 Qa M J N [ [ O ^ D K E b M ` B \ N D D B N Y \ L M B c N D C M Y D M V M D K \ C _ E \ M L 1 I 2 D M M V D N C Y
d ; < % 0 3 ; < %= G 5 # H

G 1 8 7 " 2
G

1 8 * " 2 ; < % > G
$

e E D D C Y f � G 3 d > g ; < % h T G S J E K N i E D K N D � G 1 6 j � $ $ $ � 6 % 2 : ' L M B N O O P N Y _ 0 34 � G 1 6 # � $ $ $ � 6 % 2 "
G

Q
k l m � n o � p � R M B O C Y E N B [ M O ^ Y M c C N O \ D K E [ B M [ M \ C D C M Y C \ E N \ ^ Q e ` [ [ M \ E 0 1 " 2 36 j " * 6 # : ' M Y ! 7 8 � 8 & S D K E Y J E W N Y q Y _ N B E [ B E \ E Y D N D C M Y M L D K E L M B c \ [ E W C q E _J C D K 
 3 ' Q r Y D K C \ W N \ E S J E K N i E

0 1 " 2 3 � # 1 6 # � 6 j 2 s 1 8 7 " 2 * � j 1 6 # � 6 j 2 s 1 8 7 " 2 �
J C D K � # 1 U # � U j 2 3 jt U # 7 jt U j N Y _ � j 1 U # � U j 2 3 jt U # * jt U j Q a M D E D K N D 0 1 " 2 : ' M Y ! 7 8 � 8 &C c [ O C E \ C c c E _ C N D E O ^ D K N D � G 1 6 # � 6 j 2 : ' Q

e ` [ [ M \ E J E N B E f C i E Y u v ' M Y w t Q R M B E N W K x �  S _ E q Y E u y 1 " 2 �  ! " & V ^u y 1 " 2 3 u 1 " � x 2 N Y _ Y M D E D K N D u y 1 " 2 : ' M Y ! 7 8 � 8 & L M B N O O x Q z E D { y _ E Y M D E F{ 1 u y 2N Y _ O E D | y 3 c C Y } u y 1 " 2 ~ 7 8 ( " ( 8 � Q
� � � � m � � � � � � � � � u v ' � � w t @ � � � � � � � � � 	 � � : ' � � � � � � � �

F{ y| y ( �
, � � � � � x @

� �



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

* # $ ' & *
.

/ � � 0 � � 1 2 � � 3 4 � 5 6 � � � � � � � 
 � � � 7 � 
 � � 
 � � � � � � 
 � � 	 � � � � � � � � 
 6 � � 	 � � 
 � � & �
- ( # $ ' � � � � 0 
 8 � 
 
 6 � � � � � 
 � 9 � � � � 
 0 � � � 
 � � 
 : � ; � � � � 0 � < � 2 = < =  > � � 
 � � � � � �? * @ 2 � 8 0 � 
 � � 
 -

* # $ ' A ? * B � � $ C � > � % � � � � � � � � � � � > � % � � �
� D # $ ' E : F ( > ( G H) I + , ? I F I @ J F (B � � � � 	 � � � � � 
 � 9 � 0 � � � 
 � � 
 J � � � K F K � 8 L 0 � � � 
 
 6 
 � � � � � M � � 
 � � � " � � � � � B � � � 8 L N0 � � � 
 
 6 
 � � � � K F K � " � � � 9 � O D E J F ( �P � " " � � 
 � � # $ % & ' � � � � � 
 6 � � 	 � � 
 � � $ Q � � R S* + , T

* # & ' $ * � � � � � � � � T
* # & ' =  B � � � 
 
 < � 5 6 � � � 8 	 � 
 � � � � � � � � 	 � � � � 
 � � 
 
 � � 0 � � L 0 � � � 
 � � B � D # $ ' � � � U # K F K ( ' � �K F K V W � � � � 0 � � L 0 � � � 
 � � B X� D # $ ' � � � 
 � � � � � 0 � 	 5 � � � 
 � � � � � B 
 � � 0 � � L 0 � � � 
 � � B

� D # $ ' � � � 
 � � � � 	 � � � 
 � 8 � B � � X� D # $ ' � ; � � 	 
 � � � � � B � 
 
 � " � 
 � � 
XY DO D = J Z F (J F (B � � � � 	 � 0 � � � 
 � � 
 J Z � � � K F K � 8 L 0 � � � 
 
 6 
 � � � � � � � 
 � � � � � 8 
 
 � � 0 
 � � � �
[ \ ] ^ _ ] ` a b # c ' d � e f g � � � 3 4 h i � � 1 2 � j 3 4 k l d m j � C n 4 �� � � � � � � � 
 o 5 � � � � � 
 � � 
 � 	 	 � � � � � � 
 p � S q S G H r4 o � � � 
 � � 
 " � 0 � � � � � 
 6� � � � � � � 
 � � � 7 
 � � � 0 � � D " � 
 � 
 � � � p �; � � < � 2 % . . . % p s � � 
 � 
 t I C u � v , % . . . % v S � 5 � � � � � 
 � � � � � � � � � 
 � � � � w � � 
 � � �� # $ % & ' � R S* + , x

* # & ' $ * � � � y � � z H % . . . % z S { | C u � & � 5 6 z I � t I # x , # & ' % . . . % x S # & ' ' �� � � � 
 � � 0 � � 0 
 8 � � � � � B � � � � � � 	 7 � 	 � 
 � � � 
 � � 

� # $ % & ' � S { |) I + , z I # & ' # � > $ ' * # � s $ ' | { S G

*
. # } '

; � � � � 0 � F C u � � � � � 0 � ~ � " � � � 9 � z I # F ' � t I # x , # F ' % . . . % x S # F ' ' � � � 
 � � � � � � � 0 �� x , # F ' % . . . % x S # F ' � � � � 
 � � 0 � � L 0 � � � 
 � � B � D � � 
 B � 
 
 � " � B � � 	 
 � � 0 � � 0 
 8 � � � � � B � � � � � N� � 
 � � � 7 
 � � 
 z I # F ' @ 2 � 
 � � 
 � � z I @ 2 � � u B � � � 
 
 ~ � � � 8 � � � � 0 � z I # & ' � � � � 8 	 � B

 " � � � 8 � � � � � B � � 
 6 � � 	 � � 
 � � � � � � 
 8 � � � � � � � � � � � � � � � � 
 � 
 � � � � � B 
 � � z I � � � � 
 � # } '6 � � 
 � � � � � � � � � � � 
 � 
 � � � � B � � � n 4 �� � � ` � � ] � b � � 
 � # $ % & ' � & 4 > $ & s & s � � 
 � � � B � � � � 0 � F C u �� D # $ ' � > F $ s # F 4 s F s � ' @ 2

� �



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

� � � � � � � � �  � � � !  � �
� � � � � �  � � � !  

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

� � % � �  � � � � !  � �
� � % � � �  � � � !  ) * �

+ , - , . , / 0 , 1
� � � 2 � 3 � � � � " � 4 � 5 
 6 � 
 � & � � 7 � 8 � � � 9 � : ; < = > ? = @ ; A B C = > ? B C A D E > D F G > < H A D = �I � � � � J 	 6 � I K � � 2 
 
 � � L M N O � � P P Q  � � R S T � � U �
� � � V � W � ( � � � 
 � XY Z C B [ H C \ A B = ] C D D ; G ^ [ C _ G H ] C B ` > B < C G A D = : ; < < C a > G ` > B < C G b

@ ; A [ B A ] C G � 2 
 
 � � c � � � d O � � e e e  � S f � g S Q R h � � � i � � � c � � � O � � Q f g � U � � J � � � � j � � �
� � � ( � � � � P S Q � � � � � � � 
 � & � 	 3 � � ( � � 
 � k � � 4 � � 9 � P e � �

� S � J � l K � ( 6 
 � � 
 � & 2 � 2 
 � � � 
 ( ( � m > = H ] H a H ] F n = ; < = > ? = @ ; A B C = n A G [ ] o C < ; D ] H [ H b
< C G = H > G A D < > < C G ] E B > Z D C < � " � 
 � � � c 6 � � � 2 
 
 � J � � � d L p � � R R �  � f � e Q g f S R � �

� f � q � � � 5 
 � � � � � � � r D > Z A D > E ] H < H s A ] H > G t H ] o E > D F G > < H A D = A G [ ] o C E B > Z D C < > ? < > b
< C G ] = � J u c 2 q � v � 
 � 6 � w w � � R R �  � x P U g e � x �

� Q � q � � � 5 
 � � � � � � � : \ m a C B = ; = y m B C D A z A ] H > G = ? > B E > D F G > < H A D E B > ^ B A < < H G ^ � 2 
 
 � �
v � � � � 7 � � � O { � � R R �  � S f x g S U R �

� U � 2 � 2 
 � � � 
 ( ( � | E ] H < H s A ] H > G > ? E > D F G > < H A D ? ; G } ] H > G = � 3 
 � 
 & � 2 
 
 � � � K ( ( � p ~
� � R R S  Q x Q g Q e x �

� x � " � 2 � 
 8 9 � � � � o C A B H ] o < C ] H } b ^ C > < C ] B H } H G C @ ; A D H ] H C = � � � u � � � K 
 ( � 
 � � � � v � J � � � � 
 �
� & � � I � � � � J 	 6 � � � � � j � 
 g I 
 
 
 � � � � � c � � � c K j K � 
 � P g � x � � P U Q � � R Q g � � f � c � 
 g
& � 6 � � I � � � � � P U x �

� e � i � I �� ( 	 
 
 � & i � J 8 � j �� � m B > Z D C < = A G [ � o C > B C < = H G � G A D F = H = � � � J � � � � j � � g
� � � ( 
 j � k � � 4 � � 9 � � 
 
 ( � � � P x U �

� P � � � I � � � � � � m > = H ] H a C E > D F G > < H A D = A G [ ] o C < > < C G ] E B > Z D C < ? > B } F D H G [ C B = t H ] o
} > < E A } ] } B > = = b = C } ] H > G � q � I K � � 
 � & c � � ( � c ( j � w M M � � R R f  � � � x g � � U �

� � R � � � I � � � � � 
 � & � � 7 � 8 � � � 9 � m > D F G > < H A D = ] o A ] A B C E > = H ] H a C > G A H G ] C B a A D � " � 
 � � �
c 6 � � � 2 
 
 � � J � � � d L O � � R R R  � f U x x g f U P � �

� � � � � � I � � � � � 
 � & � � 7 � 8 � � � 9 � � G C t Z > ; G [ ? > B m �> D F A � = � o C > B C < t H ] o A E E D H } A ] H > G =
] > E > D F G > < H A D = E > = H ] H a C > G E > D F o C [ B A � q � I K � � 
 � & c � � ( � � & c ( j � w ~ p � � R R �  �� � � g � � P �

� �



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

� � ( � . � / 0 1 
 	 2 3 
 4 5 � � � 6 � � � � � � 7 � � � � 6 � � � � � � � � � � 6 � � � � 
 � 0 8 � 9 8 0 � � � � � $ � : ; 2 �
< = 
 � ' ' � �

� � - � / � � � / ; > 	 
 ? ; 
 
 4 � � � @ � A � � � � � � � � � � � � � � � 7 B � � B � � � � � � � 5 � � � 6 � C 5 � � � � � 6
� � � � � � � � � � � � � � � 
 : 0 D 0 2 � 0 ! E � 0 ? � 	 ; 
 ? ; F � D G 0 > � � � 
 ! D ; G 	 2 & � 2 ; D D 0 2 � 	 ; 
 ! 0 ! 	 2 � � 0 !

� ; � $ 0 8 0 8 ; � H ; F 9 �  � � � D I 2 0 # ) 
  ? ! � � � J K � � 3 � L : 	 > 	 � ? 3 � M � ! 0 D � K ; # ; ? 	 > 	 � ? 3
& � ' N ( ) 
 � * - + � , � 
 9 > ? � � � 2 � ? 	 
 K ; � 	 2 0 ? 9 8 0 � � � � � $ � : ; 2 � � * & � ' * ' ) 
 O � P P - �

� � P � Q � : 2 $ 0 	 ! 0 � 0 � 
 4 5 � � � 6 � C 5 � � � � � 6 � � � 5 � � � 6 5 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 

R � � 
 ? � 9 8 0 � � � � � $ � : ; 2 � = S T & � U U U ) 
 � U ( ' V � U * ' �

� � * � W � : 2 $ 8 X� ! G 0 
 
 Y B � Z � � � � � � � � � � � � � � 6 � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � $ �
9 
 
 � T [ \ & � ' ' � ) 
 � U ( V � U * �

� � N � ] � : � 0 
 G D 0 
 ^ � � � � � _ � � � � � � � � � � � � 6 � � � B � 4 � B `� 5 @ � � � � � � � � � � � � � � � � � � � � a 
 % �
Q ; 8 O D 0 b 	 � H c T & � ' ' * ) 
 � * N + � N - �

d e


