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

�


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

� �  �! " # $ % �& � ! ' ( " )

& * + , � ' - . / * 0 , 1 2 0 " / . # 3 2 # * * 1 2 # 3 $

4 2 0 5 2 3 " # 6 , " , * 7 # 2 8 * 1 9 2 , : $ . � ; " # 9 2 # 3 $ 4 < $ = > > ? =

# " # - " # 3 : @ * 3 1 �

A

9 B � * C B $ # ' ( " ) @ * 3 1 �

A

9 B � * C B

D 5 ' # * E F G H I J = K ? L ? H G > $ � " M E F G H I J K G K L H N > O

< # + 1 * + " 1 " , 2 ' # - ' 1 9 B P

A

2 9 9 2 ' # , ' Q R R R S

T U V W U X Y Z [ V W [ V \ ] ^ Z X U _

Q `

U a Z V a

4 " 1 0 5 N $ H N N N



� � � � � � � �

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

� 	 � � � � � � 	 � 
 � � � 	 
 � � � � � � � 	 � 
 � � 	 � 	 � 
 � � � � � � � � 
 � � � � 	 � 	 � � � � � � � 
 
  � 	 ! � 
 � � 	 "

� � � � 
 � # $ $ % � 	 � � & � �  � 
  
 � 	 � � � � 	 � 
 � � � 	 � 
 
  � 	 ! � 
 � � 	 � � � � � � 
 � � 	 � � 
 � � ' 	

� � ( � � � � � 	 
 �  � � � 	 � � � 
 � 
 � � � 
 � � � � � 	 � � � � � � � ) 
 & 	 ( 	 � � � � 	 $ $ � 	 � � � � � 
 � 	 � � � "

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

� � 	 & � 	 � 	 � � 
 � � 
 � � � � � � � � 	 � 
 � � * 	 � 	 � � � � + 	 � , � ' 	 � � � 
 
 � � � � � 
 � 	 � � # * , � � %

� �  � 
  
 � 	 � � � � 	 * , � � 	 !  � 
 � � � � � 	 � � � � � � � � � � 	 � � � � � 	 �  
 � � 	 � � � � � � � � & 	 � �

� � � � 	 � � � 	 � � � 	 � 
 
  
 � 	 � � 
 � � � 	 � � � � � � � � 	 � � 
 
 
 
 �  � � � 	 � � � 	 
 � 	 � � � � � � � � � "

� � � � � � � � 
 � � 	 $ � � � 
 � � 
 � � � � � 
 � � � 	 � � 	 � � 
 	 !  � 
 � 	 � � 	  	 � � 
 � 
 � � � 	 
 � � � 	 � 	 &

� 	 � 	 � � 
 � � - � � 	 � � � � ( 	 � � � 
 & � � � � � � � � � 	 � � � � � 	 � � � � 	 * , � � 
 � �  	 � � 
 � 
 � � 
 � � � � 	

� � � � � � � � 
 � � � � � � � 	 � � � � � 	 � � � � � � � 	 $ $ � 	 � � � - � � � � � � � � � � � � � � 	 � � � � � 	 � � � � 	

* , � �  	 � � 
 � 
 � � � & 	 � � � � � � 	 � � � � � � � � 
 � � � � � � � 	 � � � � � 	 � � � � � � � � � � . � � � � � �

� 	 � � 	 � � � � � � � 	 $ $ � 	 � � �

� � � 	 ! � 	 � 
 � / � � � � � � 
 � � � 
 � � � 	 � � � � 	 � 
 � � � � 	 � 
 � � � � � # � � � � % � � � � � � � � 	 � 	 � � � 
 � �

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



� � � � � � � � � � � � � 	


 � �

� � 
 � � � � � 


�

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

� � � � � & � � � � ' � ( � � � � � � � � ' � � � � � � � � � � � � � � � ( � � ) * + � � � � � � � � � ( � � ) $ � � % � � � � � � , � ' � � % � � � '

� - ) � � � � � � � � � � ( � � � � � % � � � ' ( � � � � � � � � � � % ) � � � � ( � � � � � � � � * . $ � � � � � � � � � � � $ � / � � � � � � � ' � $ �

0 � � � ' 1 - ) � � � � � � � � 2 � ( � � 3 � / � � ' � � �  0 1 2 3 # � 4 � � � 5

	 6 7

* 8 � % � � � ( � � � � � � � � � � � � $ � � � � � � � � �

/ � � / � � � � � � � � � - ) � � � � � � ' � � ' ' � 9 � - ) � � � � � � ' % � � � ' � � ' � � � � $ � � � � � � � � $ � ! " � � � � � � � � � � � � � � )

:

$ � � $ � � � % � � � � ' � � ' � � � � � � � � � � � � � � � ( � � ) * . $ � 0 1 2 3 � 4 � � � � � � % � � � � ' � � � % � � � � � � / �

� � � � � � ( � � � ' � � � 9 � � � � ( � � � � � � � � � � � $ � % � � � � * � � � � ' � � � � � � $ � � ( � $ � � $ 8 + " ; � $ � � / � � � � � < = >

� � � / � � � � � � � � � � � � � � � � � � � � � � � � � % � � � � � � � ' 5 ? @

7

* A � � � � � � � � � � � ) ; � �

:

� � � � � � � � � � � � � � � � �

� � ) � � � ' � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ( � � � � � � � � � � 5

	 B 7

* C � � � � ; � $ � � � � �

� � � � ' � � � � � � � � � � ' � 9 � 4 % � �

:

� � � � � � � � � � � � � � � ' 8 + " � � � ! " � * � � � � � $ � � � � � � � � � � � � � � � � � � � � � �

� � ' � ( � � � / � � � � � % � � ' � � � � � � � � � � � $ � ' � � � � � ! " � � � � $ � / � � � � � � � � � � � � � � *

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

:

�

� � � � � � ! " � � � � � � � � � � � � � � � � ( � � � � � � � � $ � % � � � � * D $ � � � � � / � � � � � E � � � �

:

� � � � � � � F �

G
� � � � � � � � � H � � '

G
� � � � ( � � � � � � H � � � � � F � �

:

� 9 � � � / � � I 9 � � � � � � � � � � � � � � ) � � � ' * � � � � / � � � � � ( �

� - / � � � � � � � � � � ( � � ( � � � � ' ) � � � � � � � � � � � & � � � � � � � � � � � � � ; � � � � � � � � � � � � � � � $ � ' � � � � � � � �

� �

:

$ � � $ � $ � � � � � � � � � � � � % � �

:

� � � � � � $ ( � - � � � � � � � � � � � � � � ' � � � � � � � � � � � � � � � � � � � � � ' � �

' � � � ' �

:

$ � � $ � � � � � � � � � � � ( � � ) � � / � � � � � � 5

	 7

* D �

:

� � � � � � � � � � � $ � � � / � � � � � ( � � - / � � � � � � � �

� � � $ � � / � / � � ; $ �

:

� ( � � � � � � � � � � � � � � � � � � ' � � � � � � � � � � � � � � % � ' � �

:

� � � � � $ � � � � � � � - � � � � � $

� � � ( � � � 9 � � � � � � ' � - / � � � � � � � � * ! � � ) � � � � � � � � J � � � � � � � � ' � - � � � � � � � � � � � $ � � � � � / � � � ' � � $ � ( �

% � � � / � � / � � � ' 5 ?

	

; ? ? ; ? K ;

	 	

;

	

@ ;

	 B

;

	

K

7

; � � ' � � ' � � ( � � � � � � � � � � � / � � � � � � � ' � - / � � � � � � � � �



� � � � � � � � � � � � � �

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

:

� � � 9 , � �

:

� � � � � � � � � � � � � � � � � � � � � � ' � � �

I 9 � � � � � ; � 9 � � � � � ; � � ' � � 9 � � � � � * 0 � ) � � � � � � � � � � � � � � � $ � ( � � � � � % � � � � � � � � � � ) / � � / � � � ' � � � � ! " �

5 ? �

7

; 5 ?

B 7

*

�

� � � � � � � � � ! " � � � � � � � � � % � � � ' � � � $ � � � � � � � � ' � � � � � � ' � � � * � � � � � � ' � � ' / � � � � � � � ; � $ �

� �

:

! " � ' � � � � � � � � � � � � � � � � � ' � � ' � $ � � � � � � � � ' � � � � � , � � � � � � � � � � � � � � $ �  � � , � �

:

� # / $ � � � *

�

� � � � � � � / / � � � � $ � � � ! " � ' � � � � � � � � � � % � � � ' � � � � � � � � � � � � � � � � � % � � � � � ' % ) � � � � � � � � � � �

� $ � � � � � � � � ' � ( � - � � � � � � 9 � � � � � � ' � � �

:

� � $ � , � �

:

� � � � � � � � � � � � � � � �

:

$ � � $ � � � � � � � � ' � � % �

� � / � � � � � � � � � ( � � � � $ � 0 1 2 3 � � � / � � � � * D � � � � � � $ � � ' � � � � � � � � $ � � � � � � � � ' � � � � � � � � � � � �  ! � #

� � � � * " � � � � � � ) ; $ �

:

� ( � � ; 2 � � � � ' � � � ( � � / � � / � � � ' � � � � / � � - � � � � � � � � � � �  � � # � � � � % � � � '

� � � $ � � � � / � � - � � � � � ' � � �  � 	 
 	 � � � � � � ' � � � % � � � � � � � , � � � � $ � � � � � � � � ' � � � � � � $ ( � - � � # ; � �

� � ' � � � � � � , � � ' ( � � � � � � � � / $ � � � � � � � � � � � � � � � � � $ � ' � � � � � ' � � / � � ( � � $ � ' � � � � � � % � � � � ) � �

� ! " � � � � / � � � � � 5 ? K

7

*

C � � � ;

:

� � $ �

:

� $ � � � $ � � � � � � � � � � � � � � � � � � � 9 ' � � � � � % � � � ' � � ' $ � � � � � � � � � � � � � � � � 9 � � � � �

� � � �  � �

�

" # / � � / � � � ) * . $ � � � � � � � � $ � � � � / � � � 
 � ' � � � � � 9 � � � � � � � � � ; � 	 
 	 � � $ � / � � % � % � � � � )

� � ' � � � ' � � � � ( � - � � � � � � � � ( �

:

$ � � � � � � � � � � � � � � � ; � � � % � � � $ � � ( � ' � � � � � / � � � � ( � � � � $ �

� � � � � � 9 � � 9 � � � � � � � � � � ;

:

$ � � $ � � � � � � � � � � ) � � , � �

:

� < � � � � � � * . $ � � � � $ � � � � $ � / � / � �

:

� ' � � � � �

� $ � � � � � � 9 � � � � � � � � � % ) � � * 3 � � / � � � � $ � � �

�

" / � � / � � � ) ; � $ � � � � � � � � � � � � � � � � � ) � � � $ �

� � � / � � � � � � � / � � � � � � � � $ � ' � � � � � ' � � � � � � � � $ � � � � � � � � � % � � � � � � � � � � / � � � � � � � � $ � ' � � � *

. $ � � � � � � � � � � � � / � � � � � ' � � � � � � � � � � � � � � � � � � � � � � � � � � � � ( � � � � � � $ � � � � / � � � � � � � � � � ; % � �

� � ' � � � � � � � � � � � � / � � � � � � � � � � � � � � � � � � % � � � � $ � / $ � � � *

�

� � $ � � � $ � $ � / $ � � � � � � = � � � < = � 


/ � � � � � � � � � � � $ � � � � � � � � / � � % � � � ; � � � � � � � � � � � � , � �

:

� � ' � � � � � $ � / $ � � � � � � � � / � � ( � � $ �



� � � � � � � � � � � � � �

' � � � � � � % � � � � ) � � � $ � � ! " � � � � / � � � � * � � � $ � � / � / � � ;

:

� / � � / � � � � � �

:

� � � � % � � � ' � � � $ �

� � � � � � � � J � ' 2 � , � � � $ � � ' " � � � � . � � �  � 2 " . # / � � � � � / � � � $ � � � � � �

:

� � � � � � � � � � / � � � � � � $ � / $ � � �

� � � � � � � � � � � � � � � � � � � ' � � � $ � � � � � � � � � ' � � � � � � / � � � � � *

. $ � � � � � � � � � � � ' ! � � � � � � � � � � � � ' � � � � � � � � � ' � � � $ �

:

� $ � � � $ � � 2 " . � � � / � � � � � � � � $ �

� � � � � � * 8 / � � � 
 � � � � ) ;

:

� � $ �

:

� $ � � � � � � 
 - � ' � � � � � 9 � � � � � � � � � � � ; � $ � � 2 " . � � ' � � � � � � � �

� � � � � � $ � � $ � � � $ � � � $ � � � � � $ � � � � � � � * � � � � $ � � � � � � ;

:

� � $ �

:

� $ � � � $ � � 2 " . � � � � / � � � � � � �

� � � � � 
 � � � � � ) % � � � � � � $ � � � $ � ! � � � � � � � � �

:

8 + " * . $ � / � � � � � � � � � � � � � � $ � � 2 " . � � ' ! �

� � � � � � � � � � � $ � ) � $ � � � � � � � $ � � $ 8 + " ; � � ' � � � � � $ � � � � � � � � � � % � � $ / � � � � � � % � � � � � � $ � � � $ �

� � � � � � *

� � � $ � � / � / � �

:

� � � � � � � ( � � ) � � � / � � ( � - � � 9

:

� � � � � � � � � � % � � � ' � � � � � � � � � � �

:

$ � � � � � � � �

� % � � � ( � � � � � � � ' � � * � � - � � 9

:

� � � � � � � � � � � � � � � � � � / � � � � � � � � � � � � � � $ � / � � � � ! " � ' � � � * ! � � � � ( � � ;

� $ �

:

$ � � � � � � � � � � ' � � ' � � � � � � � � / � � � � � � � � � � � / � � � � � � ' ' � � � � � % � � � � � / � � � � � � � � � ! " �

' � � � � � � $ � � � � � � 9 � � � � � � � � � ' � � � � � � ' � � � � / $ ) � � � � � � � � � � � � � � � * C �

:

� ( � � ; � � � � � � $ � � � � � �

� � � $ � �

:

� � , � � � � � � � � � � � $ � / � � � � � � � � % � � � 
 � � � � � ! " � ' � � � � � � � � � � � � � � � � / � � - ' � � � ;

:

�

� � / � � ) � � � � / � � ' � � � � � ' � � � � ' � � � � � � � / � � � � ' � � � � � � - / � � � � � $ � � % � � � � � � � � � ; � � � � � J � � � � � �

� � � � � / � � � � � � � � / � � $ � / � � � � � � � / � � � � � � � � � � � ) / � � � � � � � � � � � � � * C �

:

� ( � � ; � � � � / � � � � % � � � �

� - � � � ' � � � � � � � � � � � � ' � � � � � � � � � � � � � � � � � � � � % � � � � � � / / � � � � $ � � % � � � ' � � � � � � � � � � � � � � �

' � � � � � ' � � � � � � � � � � � � ' � � � � � � � ' � � � ; / � � � � � � � � � ) � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $ � 0 1 2 3

� � � / � � � � � � ' � � � � / � � � � � � � � � � � � � � $ � / � � � � � � � � � � $ % � � � � � ( � - � � � * 8 � � $ � - � � � � � � � � � � � % � � � � )

' � � � � � � � ' � � � $ � � � � � � � � � � � � *

. $ � / � / � � � � � � � � � � J � ' � � � � � � �

:

� * � � 8 � � � � � �

	

;

:

� � � ( � �

:

� % � � � � � � ' � � � � � � ! " � ' � � �



� � � � � � � � � � � � � � � �

@

� � ' � � � � % � � � $ � � � � ( � � � � � � � � � � � � � � $ � �

:

� � � % � � � � ' � $ � � � � $ � � � � $ � / � / � � * � � 8 � � � � � �

�

;

:

�

� - � � � � � � $ � � � � � ' � � ' ! � � � ' � � � � � � � � � ' � � � ' ) � $ � � � � � � � � � � � � / � � / � � � � � � � � � � � $ * D � � � � �

' � � � ( � � $ � � �

:

� 2 " . � � � � ! " � * . $ � / � � / � � � � � � � � � $ � � 2 " . � � � ' � � � � � � � ' � � ' � � � $ � � � � � � � �

� � � � ) � � � � � � � � � � � � � ' � � � $ �

�

/ / � � ' � � � � * � � 8 � � � � � �

�

;

:

� � � � / � � � � $ � / � � � � � � � � � � � � � $ �

! � � � � � ; � � � � � � ; � � ' � 2 " . � � ( � � � � � � 8 + " � � � � � � � *

�

� � $ � � � $ � $ � � 2 " . � � � � � � � � � ' � � �

� � � $ � ( � � � � � � ' � � ' ' � � � � � % � � � � � ;

:

� � � � � - $ � � � � � ( � ! � � � � � � � � � � � � � � � � � � � � � � � � � � � � $ �

/ � � � � � � � � � � � � � $ � ' � � � � � � � * 1 � � � � � � � � � � $ �

:

� $ � � � 	 
 
 � � 
 > � 
 � 	 < � 
 < � �

�

� � � � � 
 � � �

< = > � 
 � � � 
 < � � � � � 
 � � � 
 � � � � 	 � � � � = � � 	 
 � 	 � 
 � 	 � � > � 
 � 
 � � � < � 	 � 
 � 
 < > 
 � � � 
 > � � * D � � � � �

' � � � � � � � � � � � $ � / � � � � � � � � � � � � � � � � � � $ � ' � � � � � � � � � � � � ' � ! " � � - / � � � � � � � * D � � � � � � � �

8 � � � � � � @

:

� � $ ' � � � � � � � � � � � ' � � � � � � � � � � � *

� � � � � �

� �

�

� �

�


 � � �

. $ � � � � � � � � � � � � � � � � � � � � � � � � � � � � $ � � & � � � � ! " � � � � � � � � / � � � � $ � � � ( � � � � ' � � � � � � �

� � � � � � � � � � � � � � � �  3 � . # � � � $ � � �

:

' � � � * 3 � � � � / $ � � � � � � � � �

:

$ � � $ � � � ' �  � � � � � � � � � � � � � ;

� $ � � � � � � � � � � / � � � � � � � � $ � � � � � � � � � � � � � � / / � � � � � � % � � $ � � � � � � ' � � � � � � � � ) � $ � � � � � � 5 ? !

7

;

5 @

7

* . $ � � � � � � � � � � � $ � � � � � �

:

� � � � � � / � � � � ' � � � � � � � � ! " � ( � - � � � � � � 9 � � � � � � * 2 � �
!

' � � � � � � �

" # ? ( � � � � � � � � � � � � � � � � $ � ( � - � � � � � � 9 � � � � � � ' � � � $

! %
 & ' ( )

�
#  � � � * ( + � � � * # ( ,

� -
 ? #

. $ � ' � � � ( � � � � �
!

� � � � � � � � � � �

:

� � � � / � � - � � � � � � � � � / � � � � � � * . $ � 
 � � � � � � / � � � � � & ' � �

� � � � � � � � � % � � � � � � � � � � / � � � � � ;

:

$ � � � ' ' � � � � � � � � " # ? ( � � � � � � � � � � � � � ' & . � � � � $ �



� � � � � � � � � � � � � � � � B

� � / � � � � ' � � � � $ � � � � � � � � � � � � / � � � � � * . $ � � ( � � � � � � � / � � � � � � � � $ � � ( � � � � � ( � � � � � � � $ � � � � � 9

� � � � � � * . $ � � � � � � ' � � � / � � � � � ) � � � � $ � � � � � � � � � � � ) � � � � / � � � � � � � � � � * . $ � ( � � � � � � � � � � � � � � � � � �

� � � � � � � � � $ � � � � ' � � � � $ � � - / � � � � ' � � � / � � � � � $ � � � � � � � � � � � � ; � � ' � � � � � � � � � � ' � � % � , � �

:

�

� $ � � � � $ � � � � $ � / � / � � * . $ � � � / � � � � ' � ) � $ � � � � � � � � J � � � $ � � � � � � � � $ � � � $ � � � � / � � � � * � � � $ �

� % � � � � � � � � � � � ( � � ) ) % � * . $ � �

:

� � � � / � � � � � � � $ � � � � � � � � � � / $ � � � * * C � � � � ;

:

� � � ' � �

� $ � � � 	 < � 
 � � � � � � � = � % ) � � � � � / � ) � � � % � � $ � � � / � � � � � � % ) � $ � � � � / � � - � � � % � � � � � * ( + � � � * ;

:

$ � � � +
% � �

? * � � � ' ' � � � � � � � � $ � �

:

� � � � � � � � � � / � � � � � � ; � � � ' ' � � � ( � � � � / � � - � � � � � � � �

:

$ � � � � � � � � � � � / � � � � � ,
� -

� � ' � � � � � � ' � � � � � � � � � � � � � � � � $ � � ! " � � � � � 9 � � � � � � * . $ � � � � �

� -
' � � � � � � � � � � � ' � � '  J � � � � � � � ; � � � � ( � � � � � � � # � � � / � � - � � � � � � � � ( � � � � � * . $ � � � � � � � ,

� � � � � � � $ � � � � � � � � � � � � � � � � � � ( � � � � � � � � � ,
�

* � � � � � � � � � ; � $ � / � � � � � � � � � � � � $ � � � � ' � � & ;

) ; * ; � � ' , � � � � � � , � �

:

� � � ' � � � ' � 4 � � � � � � � � � � � $ ( � - � � � � � � 9 � � � � � � * D � $ � ( � � � � / � � � '

� $ � � � � ' � � � � � � � � � � � ! " � � � � � 9 � � � � � � � � ' � � � � ' � $ � � � � � � � � � � / � � � � � � � � � � � � � ) � � � � � � � % � � *

� � / � � � � � � � � � ; � $ � / $ � � � 9 � � � / � � � � % � �

:

� � � � $ � � � � � � � � � � � ' � � � / � � � � � � � / � � � � � � $ � � % � � �

( � � � 
 � ' % ) � � � � - / � � � � � � � � * � � � � � � ? � $ �

:

� � $ � � � � � / � � � ; � � � � � � � � ) / � � � � � ' / $ � � � � �

� � � � � � � � � � � � � � � � � � � � � � ! " � � - / � � � � � � � � � ' � � � � � � � � � � � � � � ( � � � � $ � � � � � � � � � / $ � � � � ' � � *

1 � � � � � � � � � � � � � � � � � � � ' � � ; � � � � � � � � � � ' � � � � � � � ; � � � $ �

:

$ � � � � � � � � � � � � � / � � � � * . $ �

:

$ � � �

� � � � � � � ' � � � � � � � � � � � � ) � � � ( � � � � � / � � 
 � � � � � � � � � $ � � � � � � � � � $ � � � � � � � � ! " �  
 	 � 	 � / $ ) � � � � � � � �

� � � � � � � # ; % � � � � � � � � � � � � � % � � � � ' � � � � � � - / � � � � � � � $ � / � � � � � � � � � � � � � / � � - ' � � � ' � � � � � � � �

� � $ � � � � * � - � � � � � � � � � � � $ � �

:

� � , � � � � � � � � � � � � � � � � � � � � � � ' � � � � � � ' � � � � � � � ' � � 8 � � � � � � @ *

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

�


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

 

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

� � � � � � � � 
 � � �� � �



� � � � � � � � � � � � � � � �

K

0 10 20 30 40 50 60 70 80 90 100
-1

-0.5

0

0.5

1
x 10

4 Real Part

0 10 20 30 40 50 60 70 80 90 100
-1.8

-1.6

-1.4

-1.2

-1
x 10

4 Imaginary Part

10 20 30 40 50 60 70 80 90 100

-2

0

2

Phase

P
ha

se
: r

ad
ia

n

 Time index: n

Figure 1. � � � � � � � � � � � � 	 
 � � 	 � � � 
 � � � � � � � � � � � � � � � � � � 	 
 � � � � 	 � � � � � 
 � � � � � � � � � � � � � � 	 �


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



� � � � � � � � � � � � � � � � 6

�

� 2 " . � � � % � ' � � � ( � ' ' � � � � � � ) � � � � � $ � � � � � / � � - � � ' � �  ? # ; % � � � $ � � � � � � � � � � �

:

� � �

� � � � � ' � � � � � � $ � � � � � � � � � � � � ) � � � * 0 � � � � � � � � � / � � - � � � % � � � � � � % � � � � � � / � � � � ' � � / � � � � � �

� � � � � � � % � � � ;

:

� � � 9 � - / � � � � � $ � � � � / � � - � � ' � �  ? # � � �

	

" # ? ' � � � � � � � � � � � � � � 9 ( � � � � '

� � ' � � $

� % � � ( � ) � ( , �  

	

#

:

$ � � � � % ) � & � � '

� %

�

�

�

�

! �

! �

	







� �

� %

�

�

�

�

' 



 '

	







� �

) %

�

�

�

�

�





�

	







� �

� %

�

�

�

�

& � � � *

& � � � *

	







� �

� %

�

�

�

�

� - �

� - �

	







� �

. $ � � � % � � � � / � � � � � ' � ' � � � � � � � � � � � ' � � � � � � � � ) / � � � � ; � � � / � � � � ( � � ) * . $ � / $ � � � 9 � � � / � � � �

� � � $ � � � � / � � - � � ' � � � � � � � � � � � � � � � $ � � � � � � � ' � � � � � � � � � � � � � � � � � / � � � � % � �

:

� � � � $ �

/ � � � � � � � � � � � ' � $ � / � � � � � � � �
�

*

D � / � � � � � � � $ � � � � $ � � � $ � �  � � � � � � � � � # � � ' � � � � � � ' � � � � � � , � ' � � � � � � � � � � � $ � � � � � � � � � �

� � � � � � � � � � � � � � � � � � ' � �

� % � �

�

( �
) �

�

( ,
�

�

 

�

#

:

$ � � �
�

�

� � '
�

�

� � � � � ' � / � � ' � � � * � � � $ � � � - � � � � � � � �

:

� � $ �

:

� $ � � � $ � � � � � � � / � � / � � � ' % )

2 � � � � ' � � � ( � � 5 ? K

7

� � � % � ' � � � ( � ' � � � � � $ � � � � � � � � � ' � � � �  

�

# � % � ( � * � � � � � � � � � � � � � � � � �

� $ � � � $ � � � � � � � � � � � � ' � � � � � � � � � � � � � � � � � � � / � � � � � � � � � � � � � � $ � / $ ) � � � � � � ! " � / � � % � � � ;

� � ' ; � � ' � � ' ; � $ � � �

:

� 2 " . % � � � ' � � � $ � � � � � � � � � � � � ' � � � � � / � � � � � � � � $ � � � � � � � *

0 � � � � � � � ( � � � � � ; � � � � � � � � � % � � � $ � � � � % � � � � � � � $ � � � � � � � � � � � ( � � � � � � � � � ' � � � � � � � � � $ � �



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

!

� � � � � � ' � $ � � � � $ � � � � $ � / � / � � *

�

� � ( � � � � � � � � � � � � � � $ � � � � � ' � � '  � � � � � ' � � � #

	

9 � � � � * 2 � �

� ' � � � � � � � � # � � � � � � - ;  
 	 � 	 � � � � ) # * 2 � � � � ' � � � � � � $ � � � � � � - � $ � � / � � E � � � � � ( � � � � �

� � � � � $ � � � % � / � � � � / � � � � ' % ) � $ � � � � � � � � � � � ; � 	 
 	 � � � % �  � � � # � � � � ;

:

$ � � � � $ �

� � / � � � � � � / � � ' � � � � � � � � � � � - � � � � � / � � � � � � � * 2 � � � 	

�

' � � � � � � $ � � � � � � - / � � E � � � � � � � ( � � � � �

� � � � � $ � � � � / � � � � � � � � ) � � % � / � � � � $ � � � � � � � $ � � � � � � � � � $ � � � % � / � � � � / � � � � ' % ) � $ � � � � � � � �

� � � ; � 	 
 	 � � 	

�

% � � � � ;

:

$ � � � � ' � � � � � � � $ � � # � � ' � � � � � ) � � � � � - *


 �

� � � 
 � �

�


 � � �

�

� � � 


�

� �

� � � 


� � � � � � 


�

� � � $ � � � � � � � � �

:

� � � ( � �

:

� $ � % � � � � ! � � � ' � � � � � � � � � ' � � � � � ' � � � � $ � � �

:

� 2 " . � � � �

� � � � ! " � ' � � � � � � � � * � � � � � � ; � � � � $ � � � � � � � � � � ) % � � � � � � / � � � � ' � � � 2 " . � % � � � ' � � ' � 4 � � � � �

' � � � � � ' � � � � �

:

�

:

� � � � $ �

:

* . $ � � � � � � � � / � � � � � � � � � � � � � � � � � � � � $ � � � ' � � � ) � � �  � � � $ � � � $

� � � � � � � � � � ( � � � � � , � ' # � � ' � � � � � � � � � � / � � � � � � � � � � � � � � '

:

� � $ � � � $ � � � $ � ' * 0 � � � � �

:

� � � � ,

� � � � � $ � � � $ � ' ; � � � � � % � � � � ) � � ( � �

:

� $ � � 2 " . / � � � � � / � � *

3.1 Generalized Likelihood Ratio Tests

. $ � � � , � � � $ � � ' � � � � � � � � �  2 " . # 5 ?

� 7

� � � � � / � � � � � � � � $ � ' � � � ' � � � ' � � �

:

$ � � $ � � �

:

� $ ) 9

/ � � $ � � � �  � � � / � � � � � ' � � � � � ' � � � # % � � � ' � � � � � % � ' � � � � � � � % � � � ( � ' ' � � � * . $ � ' � � � � � ' � �

� � � � � � / � � ' � � � � � � � � $ $ ) / � � $ � � � � � � � / � � % � % � � � � ) ' � � � � � ) � � � � � � � �  / ' � # * A � � � � � � � � � � � ) ;

$ �

:

� ( � � ; � � � � / � � � � � � � $ � 2 " . ; � $ � / ' � � � � � ' � � � � � $ $ ) / � � $ � � � � � � � � % � � � � / � � � � � ) � / � � 9

� 
 � ' * . $ � � � � � � � � $ � � � � � � � � ! " � * � � � ! " � ;

:

� $ � ( � �

:

� $ ) / � � $ � � � � � � � ; 0 1 2 3 � � � / � � � �

� % � � � �  �
%

� # ; � � ' �

�

; 0 1 2 3 � � � / � � � � / � � � � � �  � �
%

� # * A � ' � � $ ) / � � $ � � � � � � ; � $ � ( � � � � �



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

? �

� � � ' � $ � � � � � � / �

:

� � , � � � � � � , � �

:

� * A � ' � � $ ) / � � $ � � � � �

�

; � ; , � � � ' � � � � � � , � �

:

� *

3 � � � � � $ � � � , � �

:

� � ; � � � ! " �

:

� $ � ( �

:

$ � � � � � � � � � ' � � � � � � � � � 
 $ ) / � � $ � � � � � � � � *

� � � / � � � � � � � � � � ; � � � � / � � � � % � � � � ' � � � ( � � = � � 
 � � < � � � � � � � � � � 
 � � � �  A ! � # � � � � � � � � � � � � 9

/ � � � � � $ ) / � � $ � � � � / � � % � � � � * C �

:

� ( � � � � � $ � � � � / � � � � � � ' / � � % � � � �

:

� � $ � � � � � / � � � � � � � � � �

/ � � � � � � � � � ; A ! � � � � � � � � � � � � � � � � � ) ' � � � ( � ' � � � � � � � � � � � � � � ( � � � � % � � * � � � � � $ � � � / � � � � � � '

� � � � � ; � � � $ � � � $ � � ! " � / � � % � � � � � $ � � ' ; � $ � � � � � � �

:

� � � � � ' � � ' � / / � � � � $ � � � � � � � / � � � � � $ ) 9

/ � � $ � � � � � � � � � � � * . $ � � < � 
 � � < = � / / � � � � $ / � � � � � � % � � / � � � � / ' � � � � � � � $ � � � , � �

:

� / � � � � � � � � �

� $ � � � � � ( � � � � ' � $ � � � , � � � $ � � ' � � � � � � � � � � � � � ' � � � � � � � � $ � � � / ' � � � � � � � � � � � � � � � $ � ' � / � � ' � � � �

� � � $ � 2 " . � � � $ � � � , � �

:

� / � � � � � � � � � * . $ � � 
 = 
 � < � � � 
 > � � � 
 � � 	 � � > � < � � � � 
 � �  � 2 " . # � � � � 9

� � $ � � � / / � � � � $ � � � � � / � � � � � $ ) / � � $ � � � � � � � � � � � * . $ � � 2 " . � � � � � � � / � � � � � � % � � � � 0 � ) � � � � �

� / / � � � � $ � � ' � � � � � � � � � � � � � � � / � � � � � � � � � � � � � ' � � � � � � � � � � � � � ( � � � � � � / � � � � �  � / � � � 
 � � � � ) ;

� $ � � 2 " . ' � � � � � � � � & � � � � � $ � � / � � � 
 � � � � � � � � / � � � � / � � % � % � � � � ) ' � � � � � % � � � � � � � � � � $ � � � 9

, � �

:

� / � � � � � � � � � # 5 ?

� 7

; 5

	 � 7

* � � � � - � � / � � ; � $ � / � � � � / ' � � � � � � � $ � � � , � �

:

� / � � � � � � � � � � � �

� � � � � � � � ) � � , � �

:

� � � � � * � � � � $ � � � � � � � � � � ;

:

� � � � � � � � � $ � � 2 " . � � � $ � � / � / � � *

. $ � � ' � � � � � 2 " . � � � � � � ( � � � ' % ) � $ � � � � � � � � � � � � , � � � $ � � ' � � � � � � � � � * � � � � � � / � � $ ) / � � $ � � � �

� � � � � � � / � � % � � � ; � $ � / ' � � � � � � � $ $ ) / � � $ � � � � � � � � � / � � � � � ) , � �

:

� * 2 � � � � �  
!

� � � # ; +
%

�

�

? ;

' � � � � � � $ � / ' � � � � � � � � � / � � ' � � � � � � $ � �

:

� $ ) / � � $ � � � � * " � � � � � � $ � �
!

' � � � � � � � $ � ' � � � * . $ �

� � � � � � � � � � ' � � � � � � � � = � � = / � � � � � � � � � $ � � � / � � � 
 � � � $ � / � � � � � � � � � � � � � $ � / ' � * � � �

� - � � / � � ; � � � � ) � � / � � � � � � � $ � � � � � � � ' � � ( � � � � � � � � � � � � � � � ( � � � � � � � � � � � � � � ' � � � � � ) * . $ �

2 " . ' � � � ' � � �

�

� �



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

? ?

�  ! # %

� � �  ! � �

�

#

� � �  ! � � � #

. �

�

:

$ � � � � � � � � � � � � / � � � 
 � ' � $ � � � $ � � ' ;

:

$ � � $ � � � % � � $ � � � � � � � � $ � � ( � � ' � � � � � ' � � * . $ �

� � , � � � $ � � ' � � � � �  2 " # ; �  ! # ; � � � � � � � � � � � � � � $ � ' � � � ! ; � � ' � � � � � � � � � ' � $ � � 
 � � � � < � � � � � � *

. $ � � 2 " . � � � � � � % � � � ' � � � $ � 2 " ; % � � � � � $ � � � � / � � � � � � � � � � $ � / � � � � � � � � � � � � � � , � �

:

� *

. $ � , � ) � ' � � � � � $ � � 2 " . � � � � � � / � � � � � $ � � � , � �

:

� / � � � � � � � � � % ) � $ � � � � � - � � � � � � , � � � $ � � '

� � � � � � � � �  ! 2 � � � # * � � � � � � � � � ; � $ � � 2 " . ' � � � ' � � �

�

� �

�  
!

#
%

� �
�

 
!

� ��

�

#

� �
�

 
!

� �� � #

. �

�

:

$ � � � ��

�

� � � $ � ! 2 � � � �

�

� � � � � � � � �

�

� � � � � � ; � � ' �� � � � � $ � ! 2 � � � � � � � � � � � � � � �

� � � � � � * . $ � ! 2 � � � � / � � � � � � � � � � � � � / � ) � $ � ( � � � � � $ � � � � , � � � $ � � % � � � ( � ' ' � � � � � � �

� � , � � )  � 	 
 	 � � $ � ( � � � � � � � $ � / � � � � � � � � � $ � � � � - � � � J � � � $ � � � � � � � / � � ' � � � / ' � � ( � � � � � � ' � �

!
# * . $ � � 2 " . $ � � � � � / � � � � � � � ) / � � / � � � ) � � � � � � � � � ; % � � � � � � ) � / � � � � � � � � ) � / / � � � � $ � � � $ �

A ! � � � � � � � � � � � � � / � � � � � � � � 9 � � ( � � � � � � � � � � � 5

B 7

* � � � � � � � ' � � � � � � � � � � - � � � � � � , � � � $ � � '

� � � � � � � � � � � � ' � $ � � 2 " . ; � � � 5 ?

� 7

*

3.2 Method 1: Magnitude Correlation Test

A � ' � � � $ � � � � � � / � � � � � � � � � � � � � � �

:

$ � � � � � � � � � � ' � � � � � � $ � � � � / � � - ' � � � ; � $ � � � � 9

� � � � ' � � � � ! " � ' � � � � � " � � � � � ' � � � � � % � � � ' 5 ? !

7

* C �

:

� ( � � ; � � � � � � � � ( � � � � � � � � $ � � � � � � & � ,

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

:

� � �



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

?

	

� / / � � - � � � � � ' � � � � � � � � � � ' � � � � � % � � � � � * . � � � � � $ � � ; � � � � � $ � � � � ; � $ � � I � � % � � � ( � � � � � � � � $ �

� � � � � � � � � � � � � % �

:

� � � � � � � � $

� � %  & ( ) � � # � � � � ( , � � � ( + 5  & ( ) � � # � � � � ( , � � �

7

8 �

�

� � 	 � � 	
% 
 5  & ( ) � � # � � � � ( , �

�
�

7

�

( 5  & ( ) � � # � � � � ( , �
�

�

7

�

%




 & ( ) � � #

�

( ,

�

 �

�

�
�

( �

�

�
�

# (

	

 & ( ) � � # ,  �
�

� � � � � ( �
�

� � � � � #

%
 & ( ) � � # ? (

	

,  �
�

� � � � � ( �
�

� � � � � #

& ( ) � �

(

,

�

 & ( ) � � #

�

 �
�

�
�

( �
�

�
�

#

+ � � � � $ � � �
�

� � � � � ( �
�

� � � � � � � � � � $ � � � % � � � � � � $ � � � � � � � � � � � � � ' � � ( � � � � % � � * D � ' � � � � � � �

� � � � *

�

� � � � � � � � $ � � � � � � ' � � � � � � � ' � / � � ' � � � � � � � �
% �

* �

�

�
�

( �

�

�
�

� � � �

�

�

� � � ' � � ( � � � � % � � *

A � ' � � � $ � � � � � � / � � � � � � $ � � & . . , � � ' �
%

) � & � � ( � � ) � � � � � ; � $ � � $ � � ' � � � � � � ' � � � $ �

� & � � � � � � � � � � � � � � � � � $ � � � � � � � � $ � � � $ � � � � � � ' � � � � � ' � $ � � � � � � � � � � % � � � � � � � � � ' * . $ � �

� � � � � � $ � % � � � � � � � � - / � � � � � �

�

? ( � 
 ? (

?

	

� 	 � 	 � � ?

:

� � � � � ( � � �

�

� 
 & ( ) � � ( , � �

�



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

?

�

C � � � � ; � ( � � ) � � � � � � � / / � � � � $ � � � ! " � ' � � � � � � � � � � � � � � � � $ � � � � � �

:

� � � � � � � � � � � � / / � � - 9

� � � � � � � $

� 
 & ' ( ) � ( , �  

�

#

:

$ � � � $ � � � � % 	 ! 	 ; � % 5 �

�

�

� � � �

�

�

7

� � �  � � � � # � � � � � � � � ' � � � � � % � � � ' � � "  


�

� # ; � � '

:

� � $

) % � � � ' � � � � � � ' ) �% � � � ' � � �

�

* C � � � � ; � � � $ � � � � � � � � % 5 & , �

7

� � ' �

�

% 5 & ) , �

7

*

0 � � � � � � � � ' � $ � � � $ � � � / / � � - � � � � � � � ' � � � � � � � � � � � � � � � ) � � ' � � � $ � ' � � � � � � � � � � � �

:

$ � � $

& � , � � � � � � � � ( � � ) � � � � � � �

:

� � $ � � � � � � � � � � � � � � � � � � - � � / � � � *

. $ � � 2 " . � � � � $ � � / � � % � � � � � % � � � ' � � � $ � � � � � �

:

� � � � � � � � � � � � � � � � 5

	 � 7

; 5

	 � 7

$

I

�

 
�

#
%

 "
�

? #

�

� � �
	

�

�

�

�

�

�

	

�

�

	

�

�

�

�

%
 "

�
? # 5 �

�

 
�

#
�

?

7

 @ #

:

$ � � �

�

�

 
�

#
%

�

� 	

�

�

�

�

�

�
	

�

�

�

�

�

�

� � I

�

 
�

# . �

�

; � $ � �

:

� ' � � � ' � �

�

; � � $ � �

:

� � �

:

� � $ � � � � � � * D � � � � � � $ � � � � � � � $ � � � � � � � � ' �

� � � � � � � � � � �  ! � # � � � � ; % � � � � � � � $ � � � � � � � � � � � � � � I

�

 
�

# � � / � � / � � � � � � � � � � � $ � � � � � � � � � � � �

% � �

:

� � � � $ � � � � � � � � ' � ' � � �
�

� � ' � $ � � � � � � � � � � � � � � � �
�

*

. $ � � � � � � � � � � � � � � I

�

 
�

# ; � � ' � � � $ � � � � � � / � � � � � $ � �
�

� � � � � � ) � � � � � � � � ; � � ' � � � � � % � � � ' � �

�

� � �

�

� � �

 8 + " # 5

	 � 7

;

:

$ � � � 8 + "
%

� � & � � , � * . $ � � � � 8 + " � � � $ � � � � 9 � � � � � � � � � ) / � � � � � � � � � �

� 9 ' � � � � � % � � � � � * A � � � � � � � � � � � ) ; � $ � � � � � � � � � � / / � � - � � � � � � �  

�

# � � � � � � � � � � � �

:

$ � � & � , �

�

*

� � � � � � ;

:

$ � � & � , � � � � � � � ;

:

� ' � � � � , � �

:

� $ � ' � � � � � % � � � � � � � ! � ' � � � � � � � � � �

:

$ � � $ � �

� � � � � � � $ � � � �

�

" / � � / � � � ) * 8 � ' � � � � � � � � � � � � � � � / � � / � � � $ � � � $ � � '  � � � % � � � � � ' � � � � � '



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

?

�

� � # � � � $ � � � � � � � � � � ) ( � � ) ' �  � � � � * ! � � � � ( � � ; � � � � � � $ � � � � � � � � � � / / � � - � � � � � � � � � � � � � � � � �

� � � � � � � % � � � � � $ � � � � � � ; � � � � - / � � � � � $ � / � � � � � � � � � � � � � $ � ! � � � � � � � � � 4 � � * . $ � � � � � � ' � � '

� $ � � � � � � �

:

� � $ � � � � � � � � � $ � � � - � � � � � � � � * C �

:

� � � � � ( � � $ � � / � � % � � �

:

� � � % � � - / � � � � � ' � �

� � - � � � � � � � � � � � � � $ � �

:

� � $ � � � � � � � � � � � � � � � � � � � *

3.3 Method 2: Complex Correlation Test

" � � � � � � $ � � � � � � � � � ' � �

� % � �

�

( �
) �

�

( ,
�

�

 

B

#

. $ � � 2 " . % � � � ' � � � $ � � � � ' � � � �

:

� � � , � �

:

� � � � $ � � � � � � � / � � � � � � � � � � � � � � � � � � � � � �

� � � � $ � ' � � % � / � � � ' � � � � � � � 5

	 � 7

; � � ' � � � � � � � � � � � � ' � �

:

� � $ � $ � � � � � � � / � � / � � � ' % ) 2 � �

� � ' � � � ( � � 5 ? K

7

* . $ � � � , � �

:

� / � � � � � � � � � � � � $ � � � � � � � � � � �
%

5
� �

�

� �

�

, �

7

� � ' �

�

%

5
� �

�

� �

�

� , �

7

* . $ � � 2 " . � � � � ( � � % )

I

�

 
�

#
%

 "
�

? # 5 �

�

 
�

#
�

?

7

%
 "

�
? #

�

� � � 	

�

�

�

�

�

�

	

�

�

�

	

�

�

�

�

%
 "

�
? #

�

� � � 	

�

�

�

�

�

�

	

�

�

	

�

�

�

�

 K #

:

$ � � �

�

�

 
�

#
%

�

� 	

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �
�

�

�

%

� �
� 	

�

�

�

�

�

	

�

�

�

�

 

6

#

� � I

�

 
�

# . �

�

; � $ � �

:

� ' � � � ' � �

�

; � � $ � �

:

� � � � $ � � � � � � * . $ � � � � � � � � � � � � � ' � $ � � � � � � 
 �

� � � � 
 � < � � � =  � � # � � � � ; % � � � � � � � � � � � & � � ( � � � � � � � � $ � � � � � / � � / � � � ' � � 5 ? K

7

;

:

$ � � $ � � % � � � '

� � � $ � � � � � � � � � � � � % � �

:

� � � � $ � � � � � � � � � � � � � � � � � � ' � � � � � � ' � � � � � � � � ) � � � / � � � � � � � � � $ �



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

? @

� � � / � � - ' � � � * . $ � / ' � � � I

�

 � # � � � � � 9 � � � � � � � �

� � � �

�

� � �

 8 + " # ;

:

$ � � � � � � � � 8 + " % � � & � � , � ;

� � ' � $ � � � � $ � � � $ � � �

�

" / � � / � � � )  � � � � � $ � � � $ � � � � � � � � � � � � � � � � $ � � � � � � � ' � � ' � � � � � � �

�

� � � �

�

� � �

' � � � � � % � � � � � � � ' � � � �  � % � # # * C �

:

� ( � � ; � $ � � � � � � � $ � � � � � ' � �

:

% � � , *

�

�

:

�

/ � � � � � ' � � � � � � $ � / � � ( � � � � � � � � � � � ; � $ � / $ � � � 9 � � � / � � � � % � �

:

� � � � $ � � � � � � � � � � � ' 0 1 2 3

� � � / � � � � � � � / � � � � � � � � � $ � ' � � � ' � � � � � � � � $ � � � � � � � � � � � � ' � �  

	

# ; � � � / / � � � ' � � � $ � � � � � � �

� � ' � � � � � ' � � ' � � � ( � � $ � � � � � � � * . $ � � � � � � � ;

:

� � � - � / � � / � � � � � � ( � � � 2 " . % � � � ' � � � $ � �

� � � � � � � � � � � � � � ' � � *

3.4 Method 3: A New GLRT for fMRI

. $ � � � , � �

:

� / � � � � � � � � � � � � � ' � �  

	

# � � � � �
%

5
�

� ,
�

7

� � ' �

�

%
5

�
� � ,

�

7

; � � ' � � � �

� � ' �

�

; � � � / � � � � ( � � ) * " � � � � � � $ � � � $ � / $ � � � � � � / � � � � � � � � � ' � � � � � � � � � � � � � � � � � / � � � � % � �

:

� � �

� $ � / � � � � � � � � � � � '
�

� � ' � � �

�

* . $ � � � � � � � � � � � � � ) � � , � � � $ � ! 2 � � � � � � � ' �  � � � � � �

� � � / � � � ; % � � ; � � � � � , � % � ) ; � � � � � � ' 9 � � � � � - / � � � � � � � � � � � $ � � 2 " . � � � � � � � � � ' � � � � - � � � * A � � � �

� $ � � 2 " . / � � � � � / � � � � ' � $ � � � � � � � � � � � � ' � �  

	

# ; � �

�

/ / � � ' � - ?

:

� ' � � � ( � � $ � � � � � �

:

� � � � � � �

� � � � � � � � � $

I �  
�

#
%

5 � �  
�

#
�

?

7

 "
�

? #  ! #

:

$ � � �

� �  
�

#
%

	

�

�
	

�

�

�

�

�

�

	

�

�

�

�

(

�

�

	

�

�

�

�

�




�

� �
�

�

�

(

�

�

�

�

�

�

(

	

�

� �
�

�

�

�

�

�

�

�

�

� � �

	 �

 ? � #



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

?

B

:

� � $

� � �

�

%

 �

�

�

�

�

#

�

�

�

� �

�

�

�

%

� �

� � �

�

�

�

� � �

� �

�

�

�

�

 ? ? #

� � ' �

�

� � ' �

�

� � � �

:

� � �  � � � � � � � � � � � � � � �

�

�

%

?

"

)

�

�

�

�

�

%

?

"

�

�

�

�

 ?

	

#

�

� � � � � � ; � � ( � � � � / � � � 
 � ' � $ � � � $ � � ' � � ;

:

� ' � � � ' � �

�

� � I �  
�

# . � � ; � � ' � � � � $ � �

:

� � � *

�

� � � � � � � � � � � � � � � � � � � � � $ � / � - � � � � % � �

:

� � � � $ � � � � � � � � ' � $ � � � � � � � * � � � / � � �  

6

#

:

� � $

 ? � # * + � � � � $ � � � �

�

%
� � �  ? � # � $ � � � � � � ' �

�

� � � � � � ' � * � � � � / � � � � � � � ) � $ � � � � $ � $ � � � � �

� � �

	 �

� $ � � � $ � � 4 � � � � � / $ � � � � � � / � � � � � � � � � � � � � / � � ) * � � � � $ � � � � � � ; � � � $ � � � � � / � � � � � � � �

� � ? � � ' � � �

�

;

:

$ � � $ � � � $ � � � � � � � � � � � � � ! " � ' � � � � � � � � / � � % � � � � � ; � $ � �

:

� � $ �

:

� �

�

/ / � � ' � -

�

� $ � � � �  
�

# � � ) � / � � � � � � � � )  � � " ; � $ � � � � � � $ � � � $ � � � � � 9 � � � � � � ; � � � � � � � � � # $ � �

� $ � � � � � ' � � � � � % � � � � � � � �

�

 
�

# * � � � � - � � / � � ; � $ � � � � � � � � $ � � � � � � � � � � � / � � � � � � � � � � � �

� - / � � � � � � � � � � � � ,  � � � � � " # � $ � � � � � � � � � ' � � � � �

:

� 2 " .

:

� � � $ � ( � � � � � $ � ) � $ � � � � �

/ � � � � � � � � � � � � � � � � � � � ' � � � � � � � � / �

:

� � � � � � � ( � � � � � � � 9 � � � � � � � � � *

A � � � � � � � � � � � ) ; � � � � � � ' � � � � � � � � $ � / ' � � � � � � $ � � � � � � � � � � � � � � � � � I �  
�

# � � � � � � � � � � � � )

� � � � � � � % � � � � � � � � � � � � $ � � � � � � � * D � � � � ; $ �

:

� ( � � ; � $ �

:

� $ � � � $ � / ' � � � I �  
�

# � � � � � � � � � � �

� � � � � ' &

�

� ,

�

� � � � �  � � �

�

/ / � � ' � -

	

# * . $ � � � � � ' � � � � � % � � � � � � � � � ; � � � � � � � � � � � � � � � � � � �

� � � � ' ' � / � � ' � � � � � � $ � � � , � �

:

� / � � � � � � � � �  &

�

�

�

*

�

,
�

# * C � � � � ; � $ � � � � � � � � � $ �

:

� � $ � � � $ �

� � � � � � � � � ) � � � � � � � � � � � �

:

� , � ) ( � � � � % � � � ; � � � � � � ' � � � � � � *

� �

� � � � � � � � � � 	 
 � � �

� 	 


� � � � � � � � � � � � � � � � � � 
 � � � 	 � � � � � � � � 	 
 � � � � � � � 
 � � � � � � � � � � � 
 � � � " � � � � � 
 �

� 
 � � 
 � � � � � �



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

? K

A � � � � � � � � � � � ) � $ � � � $ ; � $ � ' � / � � ' � � � � � � � $ � � � � � � � & � � , � � � / � � � � � $ � � ; � � � � � � � � � ; � $ � �

� � � � ' � � � � � � $ � ( � � $ � � �

�

" / � � / � � � ) * C � � � � ; � � � � � � � � � � � � � $ � � � $ � � ' � � � � � � $ � � ( � � ' � � � � � '

� � � � � � � � ' �  � � � � * C �

:

� ( � � ; � $ � � � � � � � � � � $ � / � % � �

:

� � � � $ � � � � � � � � ' � $ � � � � � � � � � � � � � �

� � � � / � � � � % � � � � � � � � � � � $ � � � $ � � ' � � � � � � � � � * � � � �  ? � # ; � $ � � / / � � % � � � ' � � � �  � # � � � � � � � ) � � � �

� � % � � � � � � � ' � � �

:

� � $ �

�

 � # * 8 � ; � � � � � � $ � ' � � � $ � � � $ � � ' � � � � � � � � � � � � � � $ � � � � � � � � $ � � � $ � � '

� � � � $ � � ) � � � � � � � � $ � � � $ � � ' � � � � � � � � ' � � � � $ � �

� � � �

�

� � �

' � � � � � % � � � � � *

�

� � � � � � � � � � � � � � � $ � ' � � � � ' � � � � � � � � � $ � � - � � � � $ � � � $ � � ' � ( � � ! � � � � � � � � � � � � � � � � � � � *

8 � � � � � � $ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ( � � � � � $ � � � - � � � � � � � � * C � � � ;

:

� � � � � � � � J � � $ �

� � � � � � � � � � � * � - $ � � � � � ( � ! � � � � � � � � � � � � � � � � � � � � � ( � � � � � $ � � � $ � � 2 " . � � � � � � � � � � � �

�

"

:

$ � � & � , � ? ;

:

$ � � $ � � � $ � � � � � � � � � � � � � � � � � � � � � ! " � � - / � � � � � � � � * ! � � � � � / � � � � � � � ) � � '

� � � � � � � � � � � � � � � � ) ; � � < � 	 � 
 � 
 � 	 
 > 
 � � � 
 > � � � � 	 
 � � � � 
 � � 	 � 
 � 	 � � > � � � � � 
 � � 
 > 
 � 
 � � � � � �

< � � � � � 
 � < � � � � � = 
 	 < � � � 	 < � � � � 	 
 � � � � 
 � � � = > � = � � 	 � 
 � 	 � � > � 
 � � � � 
 > � � � < �

� � �

�

� � �

> � � � � � � � � 
 >

� 
 � � � � < � � � � � � * . $ � � � � � � � � � � ) / � � � � � � � ) E � � � � 
 � ' � $ � � � � � � � � � � ) � �

�

/ / � � ' � -

�

; % � � � � � � � � � �

� � � 
 � � � ' % ) � - � � � � � ( � ! � � � � � � � � � � � � � � � � � � � * � � � � � $ � � � � � � � � � � � � � ;

:

� $ � ( � � $ � � � $ �

' � � � � � ) � � � $ � � � � � � � � � � � � � � � � � � ' � � � � � � � � � � � � ' � � � $ � �

� �

�

� �

' � � � � � ) % ) � $ � � / / � � - � � � � � � �

�

� � �

� �
 I � # 


	 �

 

	

I � #

�

:

$ � � �

�

' � � � � � � � $ � ' � � � � � ) � � � � �

� � �

�

� � �

' � � � � � % � � � ' � � � � � � � � � * . $ � � � � / � � � � � $ � � � ( � � )

� � � � � � � � � $ � � � $ � � ' � � � % � � � � � � � � ' � � � � � � � � � ' � � ' �

� � �

�

� � �

' � � � � � % � � � � � � � % � � � 5 ?

7

* . $ � � � � � � �

� �

	

� � � $ � � � � $ � 9 $ � � ' 9 � � ' � � % � ( � � � ' � � � � � $ � � � � � � $ � � � � � � � � � ) � � � � � ( � � � � ' � $ � � � $ �

� $ � � � $ � � ' / � � ' � � � � � � � / � � � 
 � ' � � � � � 9 � � � � � � � � � � � � � � � � �

:

� 2 " .

:

� � � � � � � � � - � � � � ) �

:

� � �



�

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

?

6

� $ � � � � & � � � � ' � � � � $ � � � � � � � � �

:

� � $ � � �

� � �

�

� � �

� � � � � � � � � *

� �




�

� � � � � � 
 �

�

� � � � � � 


�

� � � � � � � �

4.1 Comparison of the Three Detectors

� � � � ' � � � � � � � / � � � � $ � / � � � � � � � � � � � � � � $ � � $ � � � ' � � � � � � � � ;

:

� $ � ( � � � � � - $ � � � � � ( �

! � � � � � � � � � � - / � � � � � � � � * 0 � � � � � � � $ � � 2 " . ' � � � � � � � � � � � � � � ) $ � ( � � $ � � �

�

" / � � / � � � ) ;

� � � � � � � � � � � � ) � � � � � ' ) � $ � / � � � � � � � � � � � � � ' � 4 � � � � � ( � � � � � � � & � , * C �

:

� ( � � ; � � � � � � � � � � '

� % � ( � ; � � � & � , � ? ; � $ � ! � � � � � � � � � � � � � ) � � � � � ( � � � � � $ � � � $ � � 2 " . � � � � � � � � � � � � ) � �

�

" *

� � . � % � � � ? 9

�

;

:

� � � � / � � � � $ � ' � � � � � � � � � � � � � � � � � � $ � � $ � � � � � � � � � � ' � � � $ � � � ' � 4 � � � � �

� � � � � 9 � � � � � � � � � � / � � � 
 � � � � � � � * . $ � � � � � � 9 � � � � � � � � � �

:

� � � � � � � � � � ' � � % � � � / � � � � � � � � � ( � � �

� $ � � � � � � � � � � ) � � � ' � � � ! " � * . $ � � � � � ' �  � � � � � � � � � � � � � � $ � ! � � � � � � � � � � � � � ) � � � ; � - � � / �

� � � $ � � � � � � � � � � � ; � � � $ � ' � � � � � � � � � � � � � � / � � / � � � $ � � � $ � � ' � � � � � $ � � ( � � ' � � � � � ' � � � � � 9 � � � � �

� � � �

:

� � $ � � � $ ' � � � � � � � * . $ � � � � � � � � � �

� � � �

�

� � �

' � � � � � % � � � ' � � ' � � � � ; � � ' � $ � � � � � � � � $ �

/ � � / � � � $ � � � $ � � ' � � ( � � ) � � � � � ) ' � � � � � � � � ' � � � � � � � � ' � � ' � � % � � � 5 ?

7

*

0 � � � � � � � $ � ! � � � � � � � ' � 2 " . � � � � � � , � �

:

� � � / � � � � � � � $ � � �

�

" / � � / � � � ) ; � $ � / � � / � �

� $ � � � $ � � '

:

� � � ; � � � � � � � � � ; ' � / � � ' � � & � , * � � � � � � ( � � ( � � � � � � & � , ; � $ � � $ � � � $ � � ' � � � ' � '

� � � � $ � � ( � � ' � � � � � ' � � � � � 9 � � � � � � � � � � � � % � ' � � � � � � � � ' ( � � ! � � � � � � � � � � � � � ) � � � � � ' � � � � � 9

� � ' 9 � � � � � � ( � � � � � � � � � � � $ � � � $ � � ' � * . $ � � � � / � � � � � � � ) $ �

:

� $ � � $ � � � $ � � ' �

:

� � � ' � � � � � � � � '

� � � � $ � � � � � � � � � � ( � � � � . � % � � � ? 9

�

* " � � � � , � % � ) ; $ �

:

� ( � � ; � $ � ! � � � � � � � � � � � � � ) � � � � � ( � � � � '

� $ � � % � � $ � $ � ! � � � � � � � ' � $ � � 2 " .

:

� � � � � � � � � � � � � ) � �

�

" � � � � � � � � & � , . ? ;

:

$ � � $ � �

� � � � � � � �

:

� ) � � � � � � � � ! " � * ! � � � � ( � � ; � $ � ! � � � � � � � � � � � � � ) � � � � � / / � � � � � $ � � � � � � � � � �



�

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

? !

( � � ) � � � / � � � � � � � � � � � $ � � � $ � � ' � � � � � � � � � *

� � � � � ; � � � $ � � � � � � � � $ � ! � � � � � ; � � � ( � � ) � � � � � ( � � � � � � � & � , � $ � � � � � � � � ' � ' � � � � � ( � � )

:

� � � � / / � � - � � � � � ' � � � � � � � � � � * . $ � � � � � � � ; � � � � � $ � � � � � � � � � � ; � $ � ! � � � � � � �  � / / � � - � � � � � � ) #

�

� � �

�

� � �

' � � � � � % � � � ' � � ' � � � � � � ' � $ � / � � / � � � $ � � � $ � � ' � � � % � ' � � � � � � � � ' � � � � � � � � � � � � � 9

' � � ' � � % � � � 5 ?

7

* 0 � � � � � � ; � $ � ! � � � � � � � � � � � � � � � � � � � � � $ �

:

� $ � � � � � & � , � ? � $ � ! � � � � �

� � � � � � � � � � � � ) � �

�

" ; � $ � / � � / � � � $ � � � $ � � ' � � ) % � ' � � � � � � � � ' � � � � �

� � �

�

� � �

' � � � � � % � � � � � � � �

� � � � � � � � � �

:

$ � � $ & � , � ? * . $ � ' � � � ( � � � � � � � � & � � � � � �  

�

# � � � � / � � ( � � � $ � � ; � � � $ � � � $ � � �

� � � � � � � ) *

8 � � � � ' ; � $ � � � � � � � � / � � � � � � � � � � � � � � $ � � 2 " . � � ' ! � � � � � � � � � � � � � & � , � � � � � � � � ' � $ �

/ � � � � % � � � � ) � � � � � � � � � � � � $ � / % � �

:

� � � � $ � � 2 " . � � � � � � � � � � � ' � $ � �

� � �

�

� � �

� � � � � � � � � * . $ � �

� � � � � � � � � � � ' � � � $ � ' � � � � ( � � ) � $ � � � $ � / � � / � � � $ � � � $ � � ' � � � � $ � � 2 " . � � � % � ' � � � � � � � � '

� � � � � $ � �

� � �

�

� � �

� �

:

� � � * 8 / � � � 
 � � � � ) ; � � � � � � � ) � � � � $ �

:

� � $ � � � $ � / � � / � � � $ � � � $ � � ' � � � � $ �

� 2 " . � � � % � � � � � � � � ' � � ? �

	

� � � $ � � $ � � � $ � � ' � � & � � � � ' � � � � $ � � ( � � $ � ' � � � � � ' � � � � � 9 � � � � �

� � � �

:

� � $ � �

� � �

�

� � �

' � � � � � % � � � ' � � � � � � � � � * D $ � � � $ � � � � / � � � � � � � $ � � � � � � � � � ) � � � $ � � � $ �
G

� � � � H

% � $ � ( � � � � � � $ � � 2 " . � � � � � � � � � � � ' � � � � � % � � � � � ;

:

$ � � $ � � � � � , � �

:

� � - / � � � � � � ) ; � � � � � � � � � � ' �

:

� � $ � $ � � � � � % � $ � ( � � � � � � $ � �

� � �

�

� � �

' � � � � � % � � � � � *

. $ � � � � � � � � � � � $ � � $ � � � � � % � � � � $ �

:

� � � � � � ) � $ � � � � � � 2 " . ' � � � � � � � / � � � � � � � % � � � � � �

� � � � $ � � �  � �

:

; � � ' � � � ; $ � � $ # & � , � � � � � * . $ � � � ' � � � � � � � ' � � � / � � � � � � % � � � � � � $ � � ! �

' � � � � � � � � � � �

:

& � , � � � � * C �

:

� ( � � ; � � � $ � � � � � � � � � � � � / � � � � � % � � � � � � � � � � � � ' � � � �

' � � � � � � � � ( � � � $ � � � � � � ; � $ � � 2 " . � � ' ! � � � � � � � � � � 
 � � � � � ) � � � / � � � � � � � $ � � � � � � � *

� � � � � � ) � � � � � $ � � � $ � ' � � � � � � � � � � � � � � � $ � � � � � � � � � � � � � � � � � � � � 
 - � ' 8 + "
%

� �  & � , # � *



�

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

�

. $ � � � � � - / � � � � ' % � � � � � � � $ � � � � � � � � � � � � � � � � � � � � � 9 � � � � � � � �

� � � �

�

� � �

 8 + " # � � ' � � �

�

* " � 9

� � � , � % � ) ; � � � � � $ � � � $ � ' � / � � ' � � � � � � ' � � � � � � � � � � � � � � � � � � 2 " . ' � � � � � � � � � � � ' � / � � ' �

� � � ) � � 8 + " * . $ � � � � � � � � � � � � � � � � � $ � ! � � � � � ;

:

$ � � � / � � � � � � � � � � ' � � / � � 4 � � ( � � � � ) � �

& � , ' � � � � � � � � *

D � � � � � � � � � � � � � � � � $ � � � � � � � � � � � / $ � � � � � ) � � � � � *

	

* C � � �

:

� / � � � � $ � / � � % � % � � � � ) � � ' � � � � � � � �

� � � � � � � � � � � � � � � � � � � ( � � � � / � � � � � � � � � � � $ � � �

�

* � � � *

	

 � # � $ �

:

� � $ � � � � �

:

� � $ & � , % ?

�

� ;

:

$ � � $ � � � � � � � ) � �

:

; � �

:

� � - / � � � � $ � / � � � � � � � � � � � � � $ � ! � ' � � � � � � � � � % � / � � � ;

:

$ � � $ � �

� � ' � � ' � $ � � � � � * � � � *

	

 % # � $ �

:

� � $ � � � � � � � � & � ,
%

�

�

?

B 	

; � � '

:

� � � � � $ � � � $ � / � � � � � � � � � �

� � � $ � ! � ' � � � � � � � % � � � � � � � � � � / � � � � $ � � � � � $ � � � ' � � � � � � � % � � � � � � � � � � � � � � � � � � � � $ � � � �

� � � � �

:

� 2 " . * � � � *

	

 � # � � ' � � � � � � � $ � � � � � � � � & � ,
%

? � ;

:

$ � � $ � � & � � � � � � � � � ; � � ' � � � $ �

! � ' � � � � � � � � � ' � 2 " . ' � � � � � � � $ � ( � � � � � � � � $ � � � � � / � � � � � � � � � � *

4.2 A Simulated fMRI Study

� � � � � �

�

� $ �

:

� � � � � � � � � � � � � � � � � $ � % � � � �  

B �

#

B �

( � - � � � # *

�

! # ! ( � - � � � � � � � � � �

� $ � � �

:

� � � � � $ � � � � � � � � � � $ � % � � � �  � � ' � � � � � ' � �

:

$ � � � #

:

� � � � � � � � � ' � � % � � � � � ( � � � � $ � �

� � � � � � � � � � * � � � � $ � � � � � � � � � � � ; � "
%

?

	

� � � � � � $ � � � � � � � � � �

:

� � � � � � � � � � ' � � � � � � $ ( � - � � *

. $ � � � � � � � � � � � � � � � �
�

:

� � � � & � � � �

:

� ( �

:

� � $ / � � � � ' ? � * . $ � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� % � � � � $ � � � � � � � � � % � � � � � � � � � ( � �

:

� � � ? � � ; � 	 
 	 ; �
%

�

�

? * . $ � � � � � � ( � � � � � � � � � � � � $ � � � �

� � � � � �

:

� � � � � � � � $ � � & � ,
%

�

�

?

B 	

* � � � � � � $ � � � � � � � � � � ; � $ � / $ � � � � � � � � � � � � � � * 0 � �

� / � � � � � � ) ; � $ � / $ � � � $ � � � � � � ' � � � � � � � � � � � �  � � ' � � � ' $ � � � � � � � � � � � � � � � � � � �

:

� � $ J � � �

� � � � � * ? ( � � � � � � � # � % � � � � � � � � � � � � / $ � � � � � � �

�

* . $ � ' � � � � � ' � � � � � 9 � � � � � � � � � � � � $ � �

� - � � / � �

:

� � � $ � � � � � � % � � �
%

�

�

� ? ; � � ' � $ � � � $ � � $ � � � � $ � � � $ � � ' � � � � � � ; � 2 " . � � ' ! �



�

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

?

0 0.1 0.2 0.3 0.4 0.5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P
ro

ba
bi

lit
y 

of
 D

et
ec

tio
n

b/a
 � #

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P
ro

ba
bi

lit
y 

of
 D

et
ec

tio
n

b/a
 % #

0 0.01 0.02 0.03 0.04 0.05
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P
ro

ba
bi

lit
y 

of
 D

et
ec

tio
n

b/a
 � #

Figure 2. � � � � � � � � � � � 
 � � � � � � � � � �

�

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

�

� �

�

	 � � 	 � 
 � � 
 �

�

� �� 


�

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

� � � � � 
 � � � � 	 �

� � � �

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

�

� �
�

� 	 � � � � � � � � � � � � � �

� � �

�
� 	 � � � � � � � �

�

�
�

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

� � �

�

�
�

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

� �

�

�
�

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

�

� 	 � � � � � � � � � � � � � � �

� � 
 � 	 � � � � � � � � � � � � 
 �



�

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

' � � � � � � � � � � �

�

�

K � ;

�

�

� �

; � � '

B

�

6

@ ; � � � / � � � � ( � � ) * . $ � � � � � � � � � � � � 9 � � � � � � � ' ' � � � � � � � � � � � � �

� % � � � ( � ' � � � $ � � � � � � � � � � � � ; � � ( � � � � � $ � � � / � � � � � � � � � � � �

�

; � � � � � � - � � � � � � � � � � � � � � � �

:

� � $

� $ � � � % � � � � � ' ! � � � � � � � � � � � � � � � � *



�

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

� � � � � 
 � �

�

�

	 � � �

�

� � �� 
 
 	 � 
 � �

� $ � � � $ � � '

�

* K �

�

*

� � B

*

6

@

& � , � � � � 2 " . ! �

? *

�

?

B 	

* K

	

*

6

� *

� �

�

* ?

B 	

* ? * K

	

*

6

� * K

6

? � * �

�

?

B 	

* K

	

*

6

� *

6

�

� � � � � � � �

�

�

	 � � �

�

� � �� �

�


 	 � 
 � �

� $ � � � $ � � '

�

* K @

	

* @

6

@ * ? @

& � , � � � � 2 " . ! �

? *

�

?

B 	

*

6 	

*

6 6

* @

6

�

* ?

B 	

* ? *

6 	

*

6 6

*

6

K

? � * �

�

?

B 	

*

6 	

*

6 6

*

6 6

� � � � � � � �

�

�

	 � � �

�

� � ��

�


 	 � 
 � �

� $ � � � $ � � '

�

* �

�

? * !

B �

* !

	

& � , � � � � 2 " . ! �

? *

�

?

B 	

*

6 6

* !

�

*

B

!

�

* ?

B 	

* ? *

6 6

* !

�

* !

	

? � * �

�

?

B 	

*

6 6

* !

�

* !

�



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

� 


� � � � � � � 


�

� �

�

� � 


�

� � � � � 


�

�

. $ � � / � / � � ' � ( � � � / � ' � � � ( � � � 2 " . � � � � ! " � � � � $ � � � � / � � - ' � � � ' � � � � � ; � � ' � � � / � � � '

� � � � � $ � � � � � � � � ) � � � ' ! � � � � � � � ' � $ � � � � � � � � ) / � � / � � � ' � � � � � � * D � ' � � � ( � ' � ( � � )

� � � / � � ; � � � � � ' 9 � � � � � - / � � � � � � � � � � � $ � � 2 " . � � � � � � � � � * � � � � � � ; � � � � $ � � � � � � � � � � � � � � � $ � )

� & � � � � � � � � � � � � � � � / � � � � � � � � � � � � / � � - � � ) *

�

� � $ � � � $ � $ � � 2 " . � � � � � � � � � ' � � � � � � � % � ) �

:

� � � , � �

:

� ' � � � � � % � � � � � ; � $ � � � � � � � � � � � � � ) � � � � � � � % � � � $ � ' � % � � � � � � ( � � � � � � � / � � � � � / � � � � � � $ �

� � � � � � � � � ; � � ' � �

:

� � � $ �

:

� � $ � � � $ � � 2 " . � � ' � $ � � � � � � � � � � � � ) � / � � � � � � � � ) � & � � ( � � � � �  � �

� $ � � � � � � $ � ! " � � � � � � � � � � � � � � � � � � � � # * ! � � � � � � � � � � � � � ) � � �

:

� � � � � ' � � ' � � � � � � � � � � � $ � �

� $ � � 2 " . / � � � � � � � % � � � � � � $ � � � $ � ! � � � � � � � � � � � � � � ( � � � � � * � � � � $ � � � � � � ; � $ � � � � � ) � � �

� � ( � � � � ' � $ � � ' � � � � � ' � � � � � 9 � � � � � � � � � � � � � % � � � $ � � ( � '

:

� � $ � $ � � 2 " . � � � � � � $ � � � $ � � ' �

' � � � � � � � � ' % )

:

� � � , � �

:

� ' � � � � � % � � � � � � � % � � � *

. $ � � � � � � � � ( � � � � � ( � � � � � � � � � � � � � �

:

� � ,

:

� � $ � � � $ � � 2 " . � � � � �

:

� � , * � � � � � ; � $ � � � � � �

� � � � � � � � � � � � ! " � � � ( � � ) � � � / � � � � � � ' * � � � � � � / � � � � � ) � � ' � $ � / � � / � � � � � ' � � � � � � � � � � � �

� � � � � � $ � ' � � ' � ' � � � ;

:

� � � � � � � � $ � � � � � � � �

:

$ � � � � � � � � � � � * . $ �

:

$ � � � � � � � � � � � � / � � � �

' � � � � � � � $ � � � � � $ � / � � % � � � � � � � � � � � � � ) ; � � � � � � � ( � � � � = � � = � � � � 9 � � � � � � � � � � � � � � � � � � � �

:

�

� � � � �

:

� ) � � � � � $ � � $ � � � , � ) � � � � � � � J � � � � � � � � $ � � � � � � � � ( � � � � � � � � �

:

$ � � � � � $ � ' � � � 5

	 � 7

;

/ � � ' � � � � � � � � ' � �

:

� � $ � $ � � � � � � � � � � � � $ � � � � � ' � $ � � � � $ � � � � $ � � / � / � � * C � � � � ; � � � ) � �

� � � � � � � � � � � � � � � � � � � � � � ) � - � � � ' � ' � � � � � � � � � � � � � � � � � � � � � � ' � � � � $ � � � � � � � / � � � � � � � � ' � �

� � � � � � � � � � � ' � � � � � $ � � � � / � � � � � � � � � ' � � � ' � � � � ) � � � � � ' / � � � � � � � � � � � � � 5 ?

�

; ?

6

;

� 7

; � � � � - 9

� � / � � * 1 � � ' �  � � � � ) � $ � �

:

� � � � � ; $ �

:

� ( � � ; � � � $ � � � $ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � )

� � , � �

:

� < � � � � � � ; � � ' � � � � � � � � � � � � � $ � � � � � � � � ( � � � � � � � � � � � $ � � � � � � � � � � � � � � � $ � �

:

� � � �



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

@

 � #  % #

 � #  ' #

Figure 3. � � � � � � � � � 	 
 � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

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

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

�

� � �� 
 � � " � 
 � � � � � � � � � � � � � $ � � � � � � � � � � � � �

�

� � � % % �

�� � � � � � � � � � � � � � � � �

�

� � � % � � �� �  ! � � � � � � � � � � �

�

� � � % & �



� � � � � � � � � � � � � � � � � � � � � � � � � � 	 B

� � ( � � � � � � � � � � * 8 � � � � ' ; � � � � � � � � � � � � �  � � ' � � � � � � � � � � ) � � � � � � � / � � � � � � ' # � � � � � � � � ' � � � � � �

% � � � � ' � � � $ � � 2 " . � � � � �

:

� � , * � � � � - � � / � � ; � � � � � 9 / � � � � � � � � � � ' � � � � � � $ � � � � � � � � � �

� � � � � � � � � � � ' � � � � � � � � � � � � � � � � � � � � � � � � � � $ � 0 1 2 3 � � � / � � � � * ! � � � � 9 / � � � � � � � � � � � � � � � � 9

� � � � � � � � � � ' � � � � � � $ � � � � / � � � � � � � � ' % � � � � '

:

� � $ � � � $ � � 2 " . � � � � �

:

� � , � � � � , � � $ � � � � �

� � � � � � % � � � � � � � � $ � � � � � � � � � � � � � * C �

:

� ( � � ;

:

� � � � � � � � � $ � � � � � � � � � / � � � � � � ' � � ' � � � � � )

� � � � ) � � � � � / � � ( � � $ � / � � � � � � � � � � * � � � � � � � � / � � � � % � � � � ' � � �

:

� � $ � � , � �

:

� ' � � � ) �  ' � 4 � � 9

� � � � � � � � � � � � � � � � � � � ' � 4 � � � � � ( � - � � � # % ) � � � � � � � � � � � � $ � ( � - � � �

:

� � $ � $ � � � � ' ( � � � � � � � � � � $ �

� � � / � � � �
�

� � ' � � � � � � � � � � $ � � $ � � � � $ � � / � � ' � � � � � $ � � � - � � � � � � � � � � � � � � � * . $ � � � / / � � � � $

� � � � � � $ � � � � � � � � � � � � � � 2 " . / � � � � ' � � � � �

:

$ � � $

:

� � � � � 4 � � � � ( � � ) � � � / � � � � � � $ � ! 2 � � �

� $ � ' � � � ) � � ' / � � � � � � � � � � � � � � $ � 2 " . * D � � � � � � � � � � � � ) � � ( � � � � � � � � � � � � � $ � � � $ � ' � *

� � � � � � ) ;

:

� � � � � �

:

� � $ � � � � � � � ) � � � � � � � � � � � � � � � � � � � � � ' � � � � � � / � � - ' � � � ' � � � � � � ! " � *

� � � � � ; � � � � � � � � ( � � ) $ � � $ % � � � � � � � � � � � � � � � � � � � � � )  & � , .

�

# ; � $ � � � � / � � ! � � � � � ;

:

$ � � $ � �

( � � ) � � � � � � � � / � � � � � � � ; / � � � � � � � & � � � �

:

� � � * C � � � � ; � � � � � $ � � � � � � � � $ � � � � � � � � � � / � � � � � �

� � � � � � � � � � � � � � � � % � � � ' � � � $ � � � � / � � - ' � � � * . $ � � � � � - / � � � � ' � � � � � � $ � � � � � � � � ' � ' � � � � �

� / / � � - � � � � � � ) � � � � � � � � � � $ � � $ � � � � � � � � � � � � � � ) ; � �

:

$ � � $ � � � � � $ � ! � � � � � � � � � � � � ) � / � � � � � *

� � � � � � ; � � � � � � � ) / � � � � � ! " � � - / � � � � � � � � & � , .

�

� � ' � $ � ! � � � � � � � � ' � & � � � � * C �

:

� ( � � ;

� � � �

:

� � % � � � � � � � � � � � � � � � � � � � � � ) � $ � / � � � � � � � � � � � � � $ � ! � � � � � ' � � / � � 4 ' � � � � � � � � � � ) ;

� � ' � � � � � $ � � � � � � � � � � � � � / � � - ' � � � � � � � � � � � $ � � � $ � � �

:

� 2 " . � � ' � � � � � � � 4 � � � � / � � � � �

/ � � � � � � � � � � * 2 �

:

� � � � � � � � � � � � � � ) ' � � � � � � � � � � � $ � � / � � � � � � � ' � � � � � � / � � � � � � � � � � � � � � � �

� $ � � ! " � � � � ' ) � � � � � � � � � � ' * ! � � � � ! " � � - / � � � � � � � �

:

� � ,

:

� � $ � � � � � � ' � � � � � � � � � � � � � � ' � �

� � � ( � � ' � $ � � �

:

� � � � � � � � � � � � � � ) / � � % � � � * C �

:

� ( � � ; $ � � $ � � � � � � � � � � ; � �

:

� � � � � � � � � � � � � � )



� � � � � � � � � 	

K

� ! " � � � ) % � � � � � � � � � � � � � � � � � � � � � � � $ � � � � � � � � � � / � � � ' � � � � ; � � ' � � � � � $ � � � � �

:

� � ' ( � � � � �

� $ � � 2 " . *

�

0 ) # ' ( / * C 3

A

* # ,

. $ � � � � $ � � � � $ � � , � $ � � � ( � �

:

� � � � � � � $ � � � � � � � � � � � � � ' � � � � � � � � � � � *

�

� � � �

�

� � �

6.1 Appendix 1: Derivation of GLRT Statistic

� � � � � ' � � � ( � � � � � � ;

:

� � � � � � � ' �
� %

� � � '
�

�
� %

" ; � �
�

�
) % )

�
� %

�

�

�
�

� % )
�

) %

"
�

� � �

* . $ � � � � � � ' � � � ' � � � � � � � � � �

:

� ) � % � � � � � � 
 � ' � � � � �

:

� � � � � �

:

� ) � � � � � � � � J � � $ �

� � � � � � � � � � � � � � �

:

� � $ � � � � $ � � � � � � � $ � / � � % � � � � � � � � � � � � � ) * . $ � 
 � � � � � � ' � � � � � � � � � � � � � � � )

� � � � � � � ' � � � � � ) � � � 
 � � � ' ; $ �

:

� ( � � � � � � � � � � � ) � � $ � � ( � ' % ) � � � $ � � � � � � � J � � � � � * � � � � - � � / � � ; � �

�
� � � � � � � � $ � � � � � � � � � $ � % � � � � � � � � � � � � � � � � � � � � � ' ; � $ � �

:

� ' � 
 � � � � � � � $ � � � � � � � � � / � � � �

� � � � � � �
�

� �
	

�

�
* � � � � � � ; � $ � � � � � $ � � � � � � � J � � � � � � � � / / � � � ' � � � $ � ' � � � ( � � � � � � � � � $ � � � � �

� � � � � � � � � � I

�

 
�

# ; I

�

 
!

# ; � � ' I �  
!

#  + � � � � $ � � � � � $ � � � � / � � - � � � � � $ � � � � � � � � / � � ' � � � � $ �

/ � � E � � � � � � � / � � � � � � �
	

�

�
# * C � � � � ;

:

� � $ � � � � � � � � � � � � � � � � � � ) ;

:

� � � � � � �
�

� � � � � $ � � � � � � � � ' *

2 � �

�

, � � � '

�

,

�

' � � � � � � $ � ! 2 � � � � � � � � � ( � � � � � � � � � ' � � $ ) / � � $ � � � � � � � � ' �

�

; � � � / � � � � ( � � ) *

" � � � � � � $ � � � $ � � 2 " . � � � � � � � � � � � � � ( � � % ) 	 


�

� � � 


�

�

�

	 


�

� � �




�

�

�

� � � � � � � ) � � � $ �

:

� $ � � � $ � � � � � � � � � � �

� � ' � � � � � �

� �  
�

#
%

� � �  

�

,

�

�

# � � � �  

�

,

�

�

#  ?

�

#



� � � � � � � � � 	 6

" � � � � � � $ � � � � ' � � � � � � � � � � ' � � � � � % � � � � � � $ � � � - � � � � � � , � � � $ � � ' � � � � � � � � � � � $ � � � � � � �

� � � � � � & � � � � � � � � � � � � * . $ � � � � � � � ; � � � � � � � � � � � � � � � �

�

, �

�

� � � � � � � � $ � � � �

:

� � ' $

� � �

�

,

�

�

%

�

�

	

�

�

�

�

 ?

�

#

3 � � � � � � � � � � � � �  

�

, �

�

# � � � � � $ � � � � ' �  � � � � ' � � � � � $ � � � � � � � � � � � � � / � � � � % � �

:

� � � � $ � �

:

�

� � , � �

:

� � � � � ' � * . � � � � � � � ( � � � � $ � � ' �  � � � � )

:

� 
 � � � ' � � � � / � � � � � � ' � � � � � � ) �

� � � � � $ � � � � � � $ � � � � � � � � � / � � � � � � ; � 	 
 	 ;

� %
�

	

�

�

�
( �

�

�
( � �

�

� � ' � $ � �

�

,

�

�

%

�

� � � � �
�

) �

�

�

%

�

�

	

�

�

�
(  �

�

� � � �
# (  � �

� �
�

) �
#

�

�

%

�

�

	

�

�

�

�

�

(

�

�

�

� � � �

�

�

(

�

� �
� �

�
) �

�

�

%

�

�

	

�

�

�

�

�

(

�

�
�

�

� � �

�

�

(

�

)
�

�

�
�

) �

�

�

%

�

�

	

�

�

�

�

�

( " 5 �

�

�

�

�

( �

�

�

�

�

(  ? ( �

�

#
�

�

� �

	

 �

�

( � �

�

#

�

�

7

:

$ � � � �

�

� � ' �

�

� � � � � ( � � % )  ?

	

# *

+ �

:

� � �

�

, �

�

� � � & � � ( � � � � � � � � � � �
%

 ? ( � � #
� � � �

	

 �

�

( � �

�

#
� �

*



� � � � � � � � � 	

!

8 � � � � � � / � � � � � � ' � � � ( � � � ( � � � � �

:

� � $ � � � / � � � � � � � � ' � � � J � � � $

�

�

�

�

�

�

�

� �

� �

%

	

� � � � �

	

� �

�

� % �

�

� �

� �

%

	

 ? ( � � # � �

	

 �

�

( � �

�

# % �

�

D � � $ � � � � �

�

�
%

� �

�

�

�

�

�

�

�

�

�

 ? @ #

�

� %

�

�

(

�

� �

�

? (

�

�

�

�

 ?

B

#

8 � � �

:

� � �

�

,

�

�

%

�

�

	

�

�

�

�

�

( "  �

�

�

�

�

( �

�

�

�

�

#
�

"  ? (

�

�

�

#
�

�

�

�

�

� � � � $ � � � � � � ; � � � � � $ � �

"  �

�

�

�

�

( �

�

�

�

�

#
%

�

� �
�

�

�

(

�

�

�

�

�

�

�

�

�

	

�

�

�

�

�

(

�

�

�

�

�

�

(

�

� �
�

�

�

%

�

�

�

�

:

$ � � $ � � ( � �

� � �

�

,

�

�

%

�

�

�

�

�
"  ? (

�

�

�

#

�

�

�

�

� %

�

�

�

�

�

"

? (

�

�

�

5 �

�

�

�

�

(

	

�

� �

�

�

�

�

(

�

�

�

�

�

�

�

�

7

� � � � � � � � � � �

�

�
� � � �  ? @ # � � '  ?

B

#  � � � � � � � � � ' � � � ( � � � ( � � � � $ � � % � ( � � & � � � � � �

:

� � $ � � � / � � �



� � � � � � � � � �

�

� �

�

� � � J � � � # � $ �

:

� � $ � �

�

� � � � � � � � � � � ) $

� �

�

�

�

(

	

�

� � �

�

�

�

(

�

� � � �

�

� ?

? (

�

�

�

%

� �

�

�

�

(

�

� � �

�

�

�

�

�

 ? K #

A � � � � � $ � � � & � � � � � � ; � � �

�

, �

�

� � � % � � � � � $ � � � � � / � � 
 � ' $

� � �

�

,

�

�

%

�

�

�

�

� "  �

�

�

�

�

(

� �

�

�

�

�

�

#  ?

6

#

. $ � � � & � � � � � � � � � � / � � � � � � � � � � � ' � � � ( � � � � � � � � � ) � / � � � � � � - / � � � � � � � � � � �  
�

# � �

�

/ / � � ' � -

�

*

� � � �  ? K # ;

�

� � � � � � 
 � � & � � ' � � � � � � & � � � � � � � � ( � �
�

?
%

�

:

� � $

�
%

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

8 � � � � �

�

�

�

% �
? ; � $ � � � � � � �

:

� � � � � � � � � � � � � / / � � � � � � � � � � $

�

�
% �

�

	

�

�

? (  

�

	

#

�

C �

:

� ( � � ; � � � �  ?

6

# ; � � � � , � � � � �

�

, �

�

� � � � � � � � � ;

�

� � � � � $ � ( � � $ � � � � � � � � � � � �
�

�

�

�

; � � '

� � � $ � � � � & � � � � � � � � � � � � �

�

� � � $

�

�
% �

�

	

(

�

? (  

�

	

#

�

�



� � � � � � � � � �

?

8 � % � � � � � � � � � � �

�

� � � � �  ?

6

# ) � � � ' � � $ � � � � $ � � � � � � � � � � � � � � �

�

, �

�

* � � � � � � ) � � � �  ?

�

# ;  ?

�

#

� � '  ?

6

#

:

� � � � � $ � � � � � � ' � � � � � - / � � � � � � � � � � � �  � # � � � � ( � � % )  ? � # *

� � � � � � ' � � � � � � � � �  � # ' � � � � � � ) ;

:

� � � �  ! # � � � � � � � � � � � � � � � � � � ; � $ � � � � � � � � � � � � � � � � � � �

� � � ' � � � / � � � � � � � % � �

:

� � � � $ � � $ � � � ' � 4 � � � � � ' � � � � � � � � * � �

:

� � � % � � � � � � � � $ � � � � � � �

:

$ � �

:

� � � � ' ) � $ � � � ) � / � � � � � / � � / � � � ) � � I �  � # *

6.2 Appendix 2: Invariance of GLRT test statistics

. $ � � � � � ' �  � � � � / � � � � � � � � � � ( � � � � � � � $ � � � ) � � � � 
 � ' � � � / / � � / � � � � � � � � � � � � � � � � � � 9

� � � � � � �

:

$ � � $ � � � � ) � - / � � � � � � $ � � � � � � � � � � � � � $ � � � � � � � � � % � ' � � � � � � ' * 8 � � � � � � � / � � % � � �

� � � � � � � � � � � ; 
 � ' � � � � $ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ) � � � � � � *

�

� � � � � � ) 
 � ' � � � � � '

/ � � � � � � � � � � � � � � � � � � � � � ) *

. $ � � � � � �

:

� � � � $ � � � � � � � ) % � � � � � � ' � ' � � � � � - � � � � � � � � � � $ � � � � � � � � � � 5

	 � 7

;

:

$ � � $ � � � � �

$ � � ' � � / � � ( � ; � � ' � $ � � � � � � �

:

� � � � / � ) � � � � � � $ � � � � � � � *

� � 	 
 � 	 
 /
� � = � � > 
 � � 	 
 � � > 
 �

� %
�

) �
(

� �
( ,

�
 ? ! #

� 	 
 � 

�

� � 
 < � � � � < = > � � � � � � � � 
 > < � "  �

�

�
# 	 
 	 
 � � > 
 � � � � = � < � � < = � � � � 	 
 � � � � � � � � � < = � � � � �

� < � � � = � > 


�

= 
 > � � �

�

� � �  
�

# $ �  
�

#
%

� �

�

� �
� �

 

	

� #



� � � � � � � � � � 	

� 	 
 � 


�

�

�

�

�

�

�

�

�

� �

�

� � �

�

( � 	

�

�

�

�

�

�

�

�

�

�

( � �

� �

�

�

� � � � � � � �

�

( � 	

�

�

�

�

�

�

� �

�

�

( � �

� �

�

�

� � � < = � � � = � � < = � � � � � < = �

	

#

	

� � � 	 � � � = < � � < � � � � � �

�

< = > � � < � 
 > 


�

= 
 > � = < = � � � � � � �

� < � 	

. $ � � � � � � � � � � � � � � � � � � � � � � $ � � � � � � � � � � � � � � � � � � � � � � � � � � � ( � � � � � � � � � � � � � $ � � � � � � � � �

� � � � � �

:

� � $ � � � $ � � / � � � � � � ' � $ � �

:

� � $ � � ) / � � � � � � � � �

:

� ' % ) � � � � � � � � � $ � � � � � � � ' � � � �

� � , � �

:

� ( � � � � � � � *

A � ' � � � $ � � % � ( � � � � � � � � � � � � � � � ; �  
�

# � � � - / � � � � � � ) � - / � � � � � ' � �

�  
�

#
%

�

�

) �

�

(
� �

�

( ,

�

�
 

	

? #

:

� � $ � $ � � � ' � � � ' � � � � � � � � � � � � � � �

�

� � ( � � % ) $

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

%
�

�

�

%
� �

�

,

�

%
� ,

� � � � � � �

:

� � $ � �  �

�

�

�

�

�

� , � # � � � � � � � � � / � )  �

�

& � � , � # � � � � � � � � � � - � � � � � � ( � � � � � �

/ � � � � � � � � � � � ' � � �

�

 � � � 5

B 7

; 5

	

?

7

; 5

	 � 7

# � � � ' � � � � � � � � � � ( � � � � � � � / � � � � � / � � � # *

�

� ' � � � � � � � )

� � ( � � � � ) � $ � � I �  
�

# � � � � ( � � � � � � � � � $ � � � � � � � � � � � � � � � � � � � /

�

* . $ � � � � � � � ; � � � � � � � � ' � � '

� � ( � � � � � � � � $ � � � )  � � � � � � � � 5

B 7

; 5

	

?

7

; 5

	 � 7

# ; � $ � / ' � � � I �  
�

# � � � � � � � � � � � � � � � � ' & � , � � � � �

 � � � � � � ' � � � � � � � � � � � ' � � / � � � � � � � � � &

�

)

�

*

�

� � ' , # *



� � � � � � � � � � �

6.3 Appendix 3: Asymptotics of GLRT test statistics

� � ' � � � � � � � � / � � % � � � ; � � � � � � � � � � � � � �

:

8 + " � � � � * � � � � � � � � � � � � � � ;

:

� � � � � � � � $ � � � $ �

� � � � / � � � � � � � � � � � ' � � �

�

� � � � � � � ; � *� * ; � � � * 0 ) � $ � � � ) � / � � � � � / � � / � � � ) � � � � - � � � �

� � , � � � $ � � ' � � � � � � � � � ; � � " � � ;

�

� � � * � � � � ' � � � � � � � � � � � � � � � � � � � � � / / � � - � � � � � � � � �

�

� ;

:

� � � �  ?

B

# � � � % � � � '

:

� � $

�

� � � � �  � � " � � # � � ' � � �

�

� � �

�

; � � � � � �  ? @ #  � �

" � � # ;

�

� 


�
�

�

�

�

�

�

�

�

�

�

 

	 	

#

:

$ � � $ � � � $ � � � - � � � � � � , � � � $ � � ' � � � � � � � � � � � � $ � � � � � � � / � � ' � � � � � � � � � � � ' � �  

�

# *

8 � % � � � � � � � � � � $ � � % � ( � � & � � � � � � � � � �  ?

6

#

:

� $ � ( �

� � �

�

,

�

�

%

�

�

�

�

�
"  �

�

�

�

�

( �

�

�

�

�

#
%

�

�

�

�

�

�

�

�

�

�

�

�

�

� �
�

�

�

 

	 �

#

+ � � � � � � $ � �

�

	

�

�

%
�

	

�

�

	

�

�

�

	

�

�

 

	 �

#

�

	

�

�
�

	

�

�

%
�

	

�

� � �

	

�

%
� �

%
� � �

	

�

�

 

	

@ #

�

	

�

�

�

	

�

%
�

	

�

�

	

�

%
�

	

�

�

% � �
�

�

�
� �

�

 

	 B

#

:

� � � � ; � � � � � & � � � � � � �  ?

�

# ;  ?

�

# ;  

	 �

# ; � � " � � ;

� �  
�

# 
 �

�

 
�

#



� � � � � � � � � � � �

. $ � � � � / � � � � � $ � � I �  � # � � ) � / � � � � � � � � ) $ � � � $ � � � � � ' � � � � � % � � � � � � � I

�

 � # ; � 	 
 	 ; � � � 9 � � � � � � �

�

� � � �

�

� � �

 8 + " # ; � � ' � $ � � � � ) � / � � � � � � � � ) $ � � � �

�

" / � � / � � � ) *

�

�

�

� � �

�

� � �

5 ?

7 �

� < = > < � > � < � 	 
 � < � � � < � 
 < � � 
 � < = > � � � � � � < 
 *

	

! � $ � ' � � � � � ; � " � � � � � � ; ? ! ! ? *

5

	 7

� *

�

* 0 � � ' � � � � � � ;

�

* � � � � � � �

:

� � J ; � * � * D � � � ; � � ' � * 8 * C ) ' � * � � � � � � � � � � � � � � � � � � � �

� � � � � � � 9 � � � � � � ' � � � � � � � � � � � � � � � � � � � ! " � � � � $ � $ � � � � % � � � � * � < � = 	 � 
 � � = 	 � 
 > 	 ;

�

� $ ?

B

? � ? K

�

; ? ! !

�

*

5

� 7

" * . * 0 � $ � � � � � � ' 2 * 2 * 8 � $ � � � * 8 � � � � � � � � � � � � � � � / / � � � � � � � � � � � � % � � � � � / � � E � � � � � �

� / � � � � � � � * � � � � 
 � < = � 	

�

� � = < � � � � � 
 � � � = � ;

� 	

 

B

# $ ?

�

?

�

� ?

� 	 �

; ? ! !

�

*

5

� 7

� * D * 0 � � � � ( � � � ; 3 *+ * � � � � � ' ) ; 0 *" * 0 � � $ % � � ' � � " * � * ! � � � � � � � ) ; " * ! * D � � � � , � 4 ; ! * 8 *

� � $ � � ; � * ! * � � ( � � ; . * � * 0 � � ' ) ; � � ' 0 * " * " � � � � * � � � � � � � � � � � � / / � � � � � � $ � $ � � � �

( � � � � � � � � � � - % ) � � � � � � � � � � � � � � � � � � � � � � � � *

�

� � 
 = � 
 ;

	

@

�

 @ �

� 	

# $ K ?

B

� K ? ! ; ? ? ? ! ! ? *

5 @

7

! *

�

* 0 � � � � � � � ; 3 * ! * . $ � � � � � � � ; � � ' D * C * � � � � � � * � � / � � ( � ' ' � � � � � � % � � � � ) � �

� �

:

� � � � � � 9 � � 9 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � % ) � � � � � � � � / $ � � � 9 � � � � � � � � ' � � � �

� � � � � � � � � � � � � � * � 
 > 	 � 	 � � 	 ; ?

B

 @ # $

6

?

�

�

6

? K ; ? !

6

! *

5

B 7

8 * 0 � � � � � '

�

* 1 * 8 � � � � $ � � ' � *

�

� � - � � � � � � ( � � � � � � � � � � �

:

� � , � � � � ' � / � � ( � ' � � � � � � � �

:

� � $ � � � � � � � � � ' � � ' � � � � � � � � � � � ' � � ( � � � � � � � � � � � � � � � * � � � � 
 � < = � 	

�

� � = < � � � � � 
 � � � = � ;

� �

 ! # $

	

?

B �

�

	

? K @ ; ? ! ! @ *



� � � � � � � � � � �

@

5 K

7

" * . * � � � � � � % � � � � ' " * ! * C � � , � � � � � * D $ ) ! � ! ' � � � � � �

:

� � , � � ! " � � � � � � � � � � 9

� � � � � � � � � * � < � = 	 � 
 � � = 	 � 
 > 	 ; ?

�

$ ?

	

�

	

@ ; ? ! ! � *

5

6 7

D *

�

* � ' � � � � � � � ; � *

�

* 0 � � � � � � � ) ; � � ' 2 * ! * � � � � � � � *

�

� � � � � � 9 � � 9 � � � � � � � � � % � � � � � �

/ � � � � ' � � � � � � + ! " � � � � � � � � ) � � � � � * � 
 > 	 � 	 � � 	 ; ? ? $ ?

6

� � ?

6

@ ; ? !

6 �

*

5 !

7

D *

�

* � ' � � � � � � � ; � * � � � ( � � ; � * C � � ' ) ; � � ' " * " � ' � � � � � � * . $ � � � � � � � � � � � � � � � � 9 � � 9 � � � � �

� � � � � � � + ! " � � � � � � � * � < � = 	 � 
 � � = 	 � 
 > 	 ;

�

$

B

�

�

�

B

?

6

; ? !

6 B

*

5 ? �

7

2 * " * � � � � , ; " * 0 * 0 � - � � � ; � � ' � * � * D � � � * � � � % � % � � � � � � � � � � � ) � � � � � ' � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � ' � � � * � < � = 	 � 
 � � = 	 � 
 > 	 ;

�

! $ ?

� 	

� ?

� 6

; ? ! !

6

*

5 ? ?

7

� * " * � � � � ( � � � *

�

� � � � 9 � � � � � � � � ' � � � � � � ! " � ' � � � * � � � � � � 	 � = � � 	

�

� � � 	 � < � = 	 � 
 � � = 	

� 
 > 	 � 
 
 � � = � ; / � � � ?

B B

! ; ? ! ! K *

5 ?

	 7

� * " * � � � � ( � � � ; 3 * � * + � � � ; � � ' D * � * � ' ' ) * � � � � � � � � � � � � � � 9 � � � � � � � � � � � % � � � � ) � �

� � � � � � � � � � ! " � � � � � � � � $ � � � � � � � � � � � � � � $ � ' � � � � ) * � < � = 	 � 
 � � = 	 � 
 > 	 ;

� 6

$

�

! K � @ � K ; ? ! ! K *

5 ?

� 7 �

� � � / � � � C � ; . � � � � C � � 2 � ; . � ' ' � � � � � � $ ; � � ' � � � � � � � $ � � ' * " � � � � � / � � � � ( � � � � � � � � � � �

� � ' � � � � � � � � � � � � � / $ ) � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ! " � * � < � = 	 � 
 � � = 	 � 
 > 	 ;

� �

$

	

� ? �

	

?

	

; ? ! ! @ *

5 ?

� 7

8 * ! * � � ) * � � = > < � 
 = � < � � � �

�

� < � � � � � � < �

�

� � = < � � � � � 
 � � � = � 	 � 
 � 
 � � � � = 
 	 
 � � � * � � � � � � � � 9

C � � � ; + �

:

� � � � � ) ; ? ! !

6

*

5 ? @

7

8 * � � � ; D * " � � $ � � � ; � � ' � * A � � � % � � * 2 � � � � � � � � � � � � � � � / � � � � � � � � � � � � � � � � � � � � � � � � � �

! " � * � < � = 	 � 
 � � = 	 � 
 > 	 ;

�

K $

B �

? �

B � B

; ? ! ! K *



� � � � � � � � � � � B

5 ?

B 7

. * � � � ; 2 *

�

� 9 3 � ) � $ ; � * � � � � � ; � � ' ! * 8 � � � $ * 0 � ) � � � � � / � � � � � � � � � � � � � ! " � * � � � � � � 	

� = � � 	

�

� � 	 � < � = 	 � 
 � � = 	 � 
 > 	 ; 8 � ' � � ) ;

�

� � � � � � � � ; ? ! !

6

*

5 ? K

7

8 * 2 � � � � ' � * C * � � � ( � � * 3 � � � � � � � � � � 0 1 2 3 � ! " � � � � � � � � � � � � � � � � / � � - ' � � � * � � � � � � 	

� = � � 	

�

� � 	 � < � = 	 � 
 � � = 	 � 
 > 	 � 
 
 � � = � ; / � � � ?

B

K ? ; ? ! ! K *

5 ?

6 7

. � � � � C � � 2 � � � '

�

� � � / � � � C � * " � � � � � / � � � � ( � � � � � � � � � � � � � ' � � � � � � � � � � � � � / $ ) � � � 9

� � � � � � � � � � � � � � � � � � � ! " � % ) ' � � � � � � - � � � � � � � � � � / $ ) � � � � � � � � � � � � � � ( � � ) � � � � ! " ' � � � *

� < � = 	 � 
 � � = 	 � 
 > 	 ;

�

@ $

	

! � �

	

!

6

; ? ! !

B

*

5 ? !

7

�

* ! � � � ( � , � * + � � � � � � ! " � * � < � = 	 � 
 � � = 	 � 
 > 	 ;

� B

 

�

# $

�

!

�

�

�

! K ; ? ! !

B

*

5

	

�

7

� * " * ! � � � � � $ ; " * ! * C � � , � � � � � ; � � ' ! * � * 0 � � � � , � � � * + � � � � � � ' 
 � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � * � 
 > 	 � 	 � � 	 ; ?

	

$ @

6 B

� @ ! ? ; ? !

6

@ *

5

	

?

7

� * ! � � � $ � � ' *

�

� � 
 � � � � � � � � � � � < � � < � 


�

� < � � � � � � < � 
 	 
 � � � * D � � � ) ; + �

: �

� � , ; ? !

6 	

*

5

	 	 7

A * � * " � � � � � � � � ; + * � * " � � � � ) ; 3 * D * C � � � � � ; � * . $ � ( � � � J ; � $ * 2 � � ; � � ' ! * A � � � � *

�

� � � ) � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � % )

:

� ( � � � � ' � � � � / � � � � � � � * � � � � � � 	

� = � � 	 � � = � 	 � � < � 
 � � � � 	 ; ( � � � � � � ; / � � � �

B � �

�

B � B

; ? ! ! @ *

5

	 � 7

2 * 2 * 8 � $ � � � *

�

� < � � � � � � < �

�

� � = < � � � � � 
 � � � = � 	 � 
 � 
 � � � � = � � � � � � < � � � = � < = 
 � � 


�


 � � 
 �

�

= < � �

� � � � *

�

' ' � � � � 9 D � � � � ) ; " � � ' � � � ; !

�

; ? ! ! ? *

5

	 � 7

2 * 2 * 8 � $ � � � � � ' 0 * � � � � ' � � � ' � � * ! � � � $ � ' � � % � / � � � ' � � � � � � � � * � � � � 
 � < = � 	

�

� � = < �

� � � � 
 � � � = � ;

� 	

 

6

# $

	

?

� B

�

	

? @ K ; ? ! !

�

*



� � � � � � � � � � �

K

5

	

@

7

� * 8 � , � $ � � � � � ' C * � � � J � � � * 3 � � � � � � � � � � � � � � � � � � � � ( � � � � � � � � � � ! " � � � � � 9 � � � � � � ' � � �

� � � � � ! A 8 � � � � � � � � � $ �

:

� � $ � � �

:

� � ' � � ' % � � ,

:

� � ' � � ( � � � � � � � � ( � � � � � � � * � < � = 	 � 
 � � = 	

� 
 > 	 ;

�

@ $! � K �

6

?

�

; ? ! !

B

*

5

	 B 7

0 * 8 � �

:

� � � ; 0 * ! * 0 � ) ; � * 8 � $ � � � � ; 3 * � * 3 � � % ) ; � * . $ � � � � � � E ; 8 * D � � � � $ ; � � ' " * � ' � � 9

� � � * � � � / � � � � � � � � � $ � % � � ' 9 � � ' � / � � � � � 9 � � � $ � � & � � � � � � � � � � � � � � � % � � � � � � � � � � � � � � � �

� � � � � � ' � � � � � � � � � $ � � � ) * � < � = 	 � 
 � � = 	 � 
 > 	 ;

� B

$

	 �

! �

	

@ @ ; ? ! !

B

*

5

	

K

7

8 * � * 8 � � � � $ � � ; � * � � � � � ; � � ' 3 *

�

* " � � � � � % � � � * � � � � � � / � � � � � / � � � � � � � � � ) � � � ; ( � � � � � � �

/ � � � � � � � � � ; � � ' � � � � � � � � � � � � � � � � � � ( � � ) * � � � � = < � � � � 
 � 
 � � < � � � � � > � � � � < = > � 
 � < � � � � � � ;

? @ $

�

@

�

�

� B

� ; ? ! ! @ *

5

	 6 7

�

* � � � � � � � � � � � � ' A * 3 � � � � � � * � � � / � � � � � � % � � � � � � � � ( � � ) � � ' � � � � % � � � % � � � ' � �

:

$ 0 � � � �

� � � � � � � � � � � � � � � � � � � � � � � � * � 
 � 
 � � � � < � � � � < � < = > � � < � = � 
 � < � � � � � � � 
 � � 
 � � ; K $

	 �

� �

	

K

B

;

? ! ! @ *


