
On Breakable Cyclic Definitions �

Jie-Hong R. Jiang, Alan Mishchenko, and Robert K. Brayton

Department of Electrical Engineering and Computer Sciences
University of California, Berkeley

ABSTRACT
� � � � 	 �  � � � 	  � � � � � � � � 	 �  � � 	 ! � 	 � $ & �  � � 	 � * , � $ ! 	 0 �  � 	 � �
�  � � �  * 3 � $ & � , * 	 5 	 * � 0 	 � $ 9 � � � $  � � ! �  �  � � � $ � � $ ! � * � � � 	  � �
� 	 9 � $ � $  � �  � �  � � � � � 	 � � !  � � * 	 � � �  � 	 $ � �  � ! � � $  � C  �

�  � ! � �  � * $ � � 	 0 	 � � 	 � � $ 	 � � $ � �  � � � � 	 � 	 0 � � � � $  �  � � � � � 	 ,
�  * � $ � & 	 * 	 ! 	 � � � J L � 	 � 	 ! 0  � � * M 	 � � 5 $  �  � � � 	 � 	 �  � * $ �
� 	 9 � $ � $  � � ! �  M 	 ! 	 � � � �  M 	 �  ! M $ � � � $  � � * � � � � 	 � � � � �
� 	 U � 	 � � $ � * J V  � � 0 � $  � � 0 0 �  � � � 	 � �  � � � *  Y $ � & �  � * $ � �  ! M $ ,
� � � $  � � * � $ � � � $ � � � 	 � 	 M � $ * � � 0  � � � 	 �  � ! � * � � $  �  � � 	 � � � �  ,
5 � * � 	 � � $ ! � * � � $  � � � � � 	 � $ � � � $ � * 	 5 	 * J L � $ � 0 � 0 	 � � �  � � � � 	
* $ ! $ � � � $  �  � � � $ � �  � ! � * � � $  � � � � $ � 5 	 � � $ & � � 	 � 3 � � � � 	 � � � � ,
� $  � � * * 	 5 	 * 3 � � 	 !  � � & 	 � 	 � � * �  � � $ � $  � � � 	 � 	 �  � * $ � � 	 9 � $ ,
� $  � � � � 	 � 	 ! � � � $ � � * *  �  ! M $ � � � $  � � * J � � � � � � �  � � � � � � � � 	
0 � $  � �  � ! � * � � $  � $ � � � 0 	 � $ � * � � � 	  �  � � � � 	 � � ! 	 � � J ` � �

� 	 � � * � � � ! $ � � � � � $ � � *  !  � 	 C 	 a $ M * 	 � $ & � , * 	 5 	 * � 0 	 � $ 9 � � � $  � � J
b � � � � 	 � !  � 	 3 $ � � * *  � � � � $ & � 	 � , * 	 5 	 * � � � *  � $ �  � �  ! M $ � � ,

� $  � � * $ �  3 � � � 3 � � � � 3 �  �  � � *  �  � � � 	 � $ �  � � � $ & � , * 	 5 	 * � 	 ,
� � � $ 0 � $  � $ � �  � � $ � � � $ � � 	 � * $ � � M 	 �  � 	 �  ! M $ � � � $  � � * $ �  � � � *  ,
� $ � � � � M 	 0 	 � �  � ! 	 � J g $ � �  � � �  � ! � * � � $  � 3 � � 	 � � � 	 � � � & 	 �
$ � �  � � � � � 	 $ ! 0 * 	 ! 	 � � � � $  � � 3 �  ! M $ � � � $  � � * �  � * 	 � � 	 	 � �  �
M 	 M �  j 	 � � � *  � & � � � � 	 	 a 	 � � � $  �  � � � 	 � � � 	 � *  $ � & �  � � 	 !
 M 	  � � � 	 U � 	 � � $ � & 	 a 	 � � � $  � � � * 	 J b  � � � � � � � � 	 $ ! 0 * 	 ! 	 � ,
� � � $  � � 3 �  ! M $ � � � $  � � * �  � * 	 � � � 	 M �  j 	 � � � � � 	 0 * � � 	 � � $ � �
� �  � * $ � 	 U � $ 5 � * 	 � � � � � � � 	 � � � � � $  � � * * 	 5 	 * �  � 5  $ � ! � * � � � � ,

� $  � $ � & $ � � � 	 9 � � * 0 �  � $ � � * � 	 � * $ Y � � $  � J

1. INTRODUCTION
k  � * $ � � 	 9 � $ � $  � �  � � � � �  ! !  � *  $ � � $ & � , * 	 5 	 * �  � � 	 !

� 	 � � � $ 0 � $  � � o 	 J & J 3 � � 	 �  � 	 �  � � � 	 � � � � $ � & 3 !  � � * 	 �  ! 0  ,
� $ � $  � 3 	 � � J p � � � � �  M � 	 � 5 	 � $ � r s s t J k � 	 � j $ � & $ � �  � * $ �
� 	 9 � $ � $  � � � � 	 � 	 ! � � � $ � � * *  �  ! M $ � � � $  � � * $ � � � � � $ � * $ � M  � �
� � � � � � � 	 � � � �  � � � � � 	 �  � � � 	 � $ � �  � � �  � 	 � �  � � J b $ � � � 3 � � 	
� � � *  � $ � � 	 � � $ 9 	 � � � 	 * 	 & $ � $ ! � �   � �  � * $ � � 	 9 � $ � $  � � J x 	 � ,

 � � 3 $ � � � 	 �  � * $ � � 	 9 � $ � $  � �  � � �  � � 	 ! � � 	 $ � � 0 0 �  0 � $ � � 	
M � � M � 	 � j � M * 	 3 � � 	 � � � *  � $ � 0 �  5 $ � 	 � � ! 	 � � �  � � 	 � � $ � $ � &

� � 	 �  � � 	 ! � � $ � � M � 	 � j � � � 	 �  � * 	 � J
L � 	 � � � *  � $ �  � �  � * $ � �  ! M $ � � � $  � � * � $ � � � $ � � � � � 9 � � � �  � ,

! � * � � 	 � M  V � * $ j r z { t 3 M � � 	 �  � � 	 � � � �  , 5 � * � 	 � � $ ! � * � � $  � r | 3
} t 3 � � � � 	 � $ � � � $ � o  � & � � 	 p * 	 5 	 * J x � M � 	 U � 	 � � 	 ~  � � � r � 3 s z 3

s � 3 z � t � 	 � 	 M � $ * � � 0  � � � $ � �  � ! � * � � $  � � � � M  � 	 ! � � � � � 	
� � ! 	 �  � � � � � $  � J �  � 	 5 	 � 3 � � 	 U � 	 � � �  � �  * � � $  � � �  � � � ,
*  Y $ � & �  ! M $ � � � $  � � * $ �  � 	 ! � $ � � M 	 � � � � 	 � � 	 � � � *  � $ � � � � � 	
� � � � � $  � � * * 	 5 	 * � � � * 	 � �  0 	 � J

k  ! M $ � � � $  � � * $ �  � � � *  � $ � �  � �  � * $ � � $ � � � $ � � $ � � � 	 � � 	 � ,
� $ � * � � 	 0 $ � � � 	 �  ! 0 $ * � � $  �  � �  � � � �  �  � � * � � & � � & 	 � r � t 3

� L � $ � �  � j � � � � � 0 0  � � 	 � $ � 0 � � � M  � x b & � � � � k k � ,
� | z s � � � 3 k � * $ �  � � $ � V $ � �  0 �  & � � ! 3 � � �  � � $ � � � � � � $ � * � 0  � ,
�  � � 3 b � � $ � � � 3 � � � 	 * � � � x  � 0 * $ � $ �  J

� � � � � � � � � 	 � 	 * r z 3 s t 3 � � $ � � � * *  � � $ ! � * � � � 	  � � �  � * $ � � 	 9 ,
� $ � $  � � J � 	 �  � 	 � 0 0 *  $ � & V � * $ j � � � 0 0 �  � � � �  � � � � � $ � � � � *  ,
� $ � � 3 � �  � � � �  �  � � 0 �  & � � ! �  0 $ � � * *  � 	 	 � � �  M 	 � � � � � * � � 	 �
$ � �  � � $ � � � $ � � 	 � * $ � � J � 	 0 	 � � $ � &  � �  � � 0 �  & � � ! $ � � � $ � ,
� 	 � 3 � � 	 � � ! 	 � 0 	 � $ 9 � � � $  � � � � M 	 � � � � � * � � 	 � $ � �  � $ ~ 	 � 	 � �
� 	 � * $ � � � J � 	 � � � � 	 � � 	 � � � *  � $ � M � � 	 �  � � 	 � � � �  , 5 � * � 	 � � $ ! � ,
* � � $  � � 	 � 5 $ *  � 	 0 	 � � �  � � $ � � � $ � � � � � � � � � 	 � o !  � 	 0 � 	 � $ � 	 *  3
 � � � 	 � � � � � & 	 ! 	 � �  � � 	 * �  	 * 	 ! 	 � � �  5 	 � � $ � � � $ � � 	 � * $ � � � p
� �  M � 	 � 5 	 � $ � r s z 3 s � t 3 � � 	 � * $ � � ! �  M 	 � 	 � * � � 	 � �  � �  ! M $ ,
� � � $  � � * 	 5 	 � � �  � & � � � 	 � 	 	 a $ � � � � � � � � � $  � � * *  	 U � $ 5 � * 	 � �
 � 	 � � � � M 	 � � 5 	 � �  ! M $ � � � $  � � * *  J L � $ � 0 � 	 �  ! 	 �  � �  � � 	 ,
� 0  � � � �  � � 	 �  , � � * * 	 � � � � � � � � � � � � � � � � � � � � � $ � � � 	 �  ! 0 $ ,
* � � $  �  � � � � 	 � 	 * 0 �  & � � ! � r s t J

L � $ � 0 � 0 	 � 0 �  0  � 	 � � � � � � � $  � � * , * 	 5 	 * � � � *  � $ � � � � � � 5  $ � �
� � 	 �  ! 0 * $ � � � $  �  � � � � � � * � � $ � & 0 �  & � � ! � $ � �  � $ � � � $ � � 	 � * $ � � �

� � � 	 * $ ! $ � � � 	 � � � 	 � $ � � � 	 0 � � �  0 �  M * 	 !  � � � � *  Y $ � & 	 U � $ 5 ,
� * 	 � � � $ ~ 	 � 	 � � � 	 � * $ � � � J � � � 	 � � $ � * *  3  � � �  � ! � * � � $  �  � �  ! ,

M $ � � � $  � � * $ �  $ � 	 a � 	 � � 	 � �  � � 	 a � � 	 ! 	 � � � � 	 � � � � � $  � � *
* 	 5 	 * J L � � � $ � 3 � � 	 � 	 	 a $ � � � � �  ! M $ � � � $  � � * $ ! 0 * 	 ! 	 � � � � $  �

o � � 	 � 	 �  � * $ � � 	 9 � $ � $  � � ! $ & � � � 	 	 � �  M 	 M �  j 	 � p $ � � � �
 � *  $ � � � 	 �  � � 	 ! $ � �  � � $ � 	 � � � $  � 0 � � � 	 �  � � �  ! M $ � � � $  � ,
� * $ �  � 	 � � J ¡ � � $ * * M 	 � * 	 � � 3 � 	 � � � �  , 5 � * � 	 � � $ ! � * � � $  � 3 � � 	 �
	 a � 	 � � 	 � �  � � 	 � � � � � $  � � * * 	 5 	 * 3 $ � � * $ ! $ � 	 � � 0 	 � $ � * � � � 	  �
 � � �  � ! � * � � $  � J

¡ * � �  � & � �  ! M $ � � � $  � � * � $ � � � $ � � � $ � � � 	 	 � M � � j � � 5 	 � � 	 $ �
0  � 	 � � $ � * � � 5 $ � & � $ � � � 	 � r z | t 3 � � 	  � � 	 � � � � �  ! � � $ 0 � * � � 	
$ � � * � � $ � & � $ ! $ � & � � � *  � $ � 3 *  & $ � ! $ � $ ! $ Y � � $  � 3 	 � � J � � 	 � j $ � &
�  � * $ � � 	 0 	 � � 	 � � $ 	 � $ � �  ! 	 � $ ! 	 � � 	 � 	 � � � �  �  � 5  $ � * � � 	 �
�  ! 0 * $ � � � $  � � $ � � 	 ! � � $ 0 � * � � $ � & � � � � � $ � � � $ � � � 	 	 � � � 0 	 � $ � *
� � � 	 �  0 � 	 5 	 � � � 	 � � �   $ � & � 	 * * , M 	 � � 5 	 � �  ! M $ � � � $  � � * $ �  J
� � � * $ 	 � 	 ~  � � � r � 3 { t  � M � 	 � j $ � & �  ! M $ � � � $  � � * �  � * 	 � � 	 � 	
�  � 	 �  � � $ � � � $ � � 	 � * $ � � � J � � � � � � 3 �  M � 	 � j �  ! M $ � � � $  � � *
�  � * 	 � 3 � � 	 � 	 $ � �  � 	 	 � �  � � $ � � � � $ * � $ � � � $ � � � � � � � � � 	 � � � 	
� 	 � $ 5 	 � J � � � � � $ � $  � 3 � � � *  Y $ � & �  ! M $ � � � $  � � * $ �  � � � � 	 � � � � ,

� $  � � * * 	 5 	 * M �  � � 	 � � � � 	 & 	 � 	 � � * $ �  J
` � � � 	 � � * � � � � 	 	 � � � M * $ � � 	 � � 0  � � � 	 �  * *  � $ � & 0 � $ � � $ 0 * 	 J

g � 	 � �  � * $ � � 	 9 � $ � $  � � � � 	 �  M 	 M �  j 	 �  � � � 	 �  � � � 	 � $ �
� � � & 	 � $ � �  � � � � � 	 3 � � 	 �  ! M $ � � � $  � � * $ �  � � � *  � $ � � �  � * � M 	
& 	 � 	 � � * $ Y 	 � �  � � 	 a � � 	 ! 	 � � � M 	 0 	 � �  � ! 	 � � � � � 	 � $ & � 	 � �
* 	 5 	 * 0  � � $ M * 	 o $ J 	 J 3 � � 	 � � � � � $  � � * * 	 5 	 * p J ` � � � 	  � � 	 � � � � � 3
� � 	 � � � 	 � � � & 	 � $ � � � � � � � � 	 �  � � � 	 � $ � � � � �  ! M $ � � � $  � � *
�  � * 	 � � � 	 � * *  � 	 � �  	 a $ � � 3 � � 	 � � � 	 � � � *  � $ � � �  � * � M 	 �  � ,
� 	 � 5 � � $ 5 	 	 �  � & � �  �  * 	 � � � 	 � � � 	 � $ � � M * 	 0 �  � $ � � * 	 ~ 	 � � � M � �
& 	 � 	 � � * 	 �  � & � �  � M � � � � � � � � �  � � � 	 � 	 � � � �  � 	 � � $ * � � � � � 	
� 0 0 �  0 � $ � � 	 * 	 5 	 * o $ J 	 J 3 � � 	 � $ � � � $ � 3  � & � � 	 * 	 5 	 * p J g 	 	 ! 0 � � ,

� $ Y 	 � � $ � � �  ! ! 	 � �  $ � � � � *  Y $ � & �  ! M $ � � � $  � � * $ �  3 � � $ � �

� b  � �  � � ! $ �  � � � � � $ ! 	 � � � *  � $ � 3 � � � � � * � � $ � & � 0 �  & � � ! � 
� � 	 � * $ � � ! �  M 	 � 5  $ � 	 � 3 	 J & J 3 � 	 	 r � t J

0-7803-8702-3/04/$20.00 ©2004 IEEE. 411



� � � � � 
 � � � � � 
 � � � � � � � � � � � � �
� � �  � ! # � � � & � � � � � � & * � & & , 
  � �  . � & � 
 � 
 � 0 � 
  � ! ! 
 � & � �

� � 
  
 � & � 
 � 
 � � � ! 
 � & � � & , 
 � * � & , 
 � � � � >  *  � �   � ! # � � � @
& � � � � �  � �  . � & � � B � � D 
 & � � D � � 
 � ! � � � ! � I � & � � � 0 � � � & & 
 ! � &
� � � ! � � 
 � � N O P 0 O R S & � � * � & , 
 � � I 
  *  � �   � ! # � � � & � � � � �  � � @
 . � & � # * 
 X & 
 � � � � D & , 
 > � � ! . � � & � � � � > & 
 � � � � * @ � � � . 
 � � � ! . @
� � & � � � � & & , 
 > . �  & � � � � � � 
 � 
 � � ] � > � � & . � � & 
 � * 0 � & � � � � D � � � 
 �

& , � & > . �  & � � � � � @ � 
 � 
 � � � � � * � � � � � � � & � . `  � 
 � & � � D . � � � � & 
 
 @
� � D � 
 � � @ # 
 , � � 
 �  � �  . � & � * � B , � � � � � 
 � � , � � � & , 
 � � & > � � � � � �
� . D D 
 � & � & � �  . � 
 � � d � � 
 � & � � � � * 0 � � � � & � � � � �  � � � � & � � � � � & , 
 �

& , � � � . � 
 � * > . �  & � � � � � � � 
 � � 
 
 � & � # 
 � � � � � 
 � � � � � � 
 � & �
D . � � � � & 
 
 � 
 � � @ # 
 , � � 
 �  � �  . � & � * �

B , 
 � � � 
 � � � � � D � � � I 
 � � � > � � � � � � � h > & 
 � � � 
 � � ! � � � � � 
 � � � �
� � & � & � � � � � � 
 D � � 
 � � � i 
  & � � � j 0 � . � > � � ! . � � & � � � � >  � ! # � @
� � & � � � � � � & * � & & , 
 > . �  & � � � � � � 
 � 
 � � � � � # 
 � � & � � � .  
 � � � i 
  @

& � � � l � i 
  & � � � m � � �  . � � 
 � � � ! 
 � � � . 
 � � # � . &  � ! # � � � & � � � @
� � � & * � & & , 
  � �  . � & � 
 � 
 � � i 
  & � � � n  � ! � � � 
 � � . � > � � ! � � � � !

� � & , � & , 
 � � 
 � � & 
 � � � � � � � � � � � � * 0 i 
  & � � � p  � �  � . � 
 � & , � �
� � � 
 � � � � � � � & � � � ! 
 > . & . � 
 � 
 � 
 � �  , � � � 
  & � � � � �

2. PRELIMINARIES
] � � 
 � � � & , 
 � � � � 
 � � & 
 � 0 & , � � � � � 
 � � � � . ! 
 � & , � & � � � � � # � 
 �

� � � > . �  & � � � � � �  � � � � � 
 � � & � � � � � 
 � > & * � 
 r � � � 
 � � 0 s � t � � 
 @
� � 
 � 0 � 
  � �  
 � & � � & 
 � � � . & � . & @ � 
 & 
 � ! � � � � & �  � * � & 
 ! � 0 � , � � 

� . & � . & � � � . � & � � � � � . � � v . 
 � * � 
 & 
 � ! � � 
 � . � � 
 � � � * � � � . &
� � � � D � ! 
 � & � � � . � � 
 � � � *  . � � 
 � & � & � & 
 � 
 � � D � � & 
 � # * & , 


� * � & 
 ! � x � & � & 
 @ , � � � � � D 
 � 
 ! 
 � & � � h � � � � & � & � � � � �  � � � 
 � @
& � � � 0 N N z S S � 
 � � & 
 � & , 
 � 
 & � > � � � � � � � � # � 
 � � � . � & � � � � � > & , 
 � 
 &

z � > � � � � � # � 
 � � h � � � 0 { z { � 
 � � & 
 � & , 
  � � � � � � � � & * | � � � � I 
 } � >
z �

h > . �  & � � � � � @ � 
 � 
 � � 
 �  � � � & � � � � > � � * � & 
 ! �  � � � � � & � � > �
� 
 & � � � > � � � � � � � � � � � � � � � � � d �  , � & � ! �  � 
 � � � & � � � � �
� > & , 
 > � � ! � � � � � � 0 � , 
 � 
 � � � � � � � � � 
 � r � � � 
 � � � � � � � # � 

� � � > � � ! . � � 0 � 
 � � 
  & � � 
 � * � � � � � � & �  . � � � 0 > � � �  � �  . � & @ � 
 � 
 �
� 
 �  � � � & � � � � > � � * � & 
 ! 0 � �  � . � � # 
 � > � � ! . � � � > � � � � 
 � & � & *

> . �  & � � � � 
 � � 
 � 
 � & � � D � � � � 
 | � � & , � 
 � � * } 0 � � � > � � ! . � � � > � �

 � 
 ! 
 � & � � * r � � � 
 � � > . �  & � � � � 
 � � 
 � 
 � & � � D � � � � ! � & � � 
 � � D �  
D � & 
 | � � & , � 
 � � * } � � & , 
 D � & 
 � � # � � � * > � � & 
  , � � � � D * ! � � @
� � � D � h & � � � & D � � �  
 0 & , 
 � � � & � �  & � � � � # 
 & � 
 
 � > . �  & � � � � � @
� � �  � �  . � & @ � 
 � 
 � � 
 �  � � � & � � � � � � 
 � # �  . � 
 � � & � 
 
 ! � & � # 
 �
! � & & 
 � � > D � � � . � � � � & * � � � � 
 � 
 � 0 � 
 � � � & � � D . � � , & , 
 � 
 & � �
� 
 � 
 � � # * � � * � � D & , � & & , 
 � � � . � & � � � � � > � & � ! �  � 
 � � � & � � � � & � � 

� � & � ! 
 � & & , 
 > . �  & � � � � � � 
 � 
 � 0 # . & & � � 
 & � ! 
 � & & , 
  � �  . � &
� 
 � 
 � � | � 
 � � � . ! 
 & , � & 
 � 
 � * � 
 � � � & � � � � � � � � � � � � � � �
� 
 & 
 � ! � � � � & �  0 & , � & � � 0 � � � � � # � 
 � � � � � . � & 
 � & � � � 
 � � � & 
 � � � . 

. � � 
 � � � * � � � � D � ! 
 � & � � � � � � � # � 
 � � � > � � ! . � � � � � B , . � 0 � �
� � � & � & � � r � � � 
 � � > . �  & � � � � } h � � �  � � & 
 � & � � � � � � � � � � � �
� � � � �   � ¡ ¢ £ ¤ � � | ¥ ¤ ¦ § ¤ }  , � � �  & 
 � � I � � D & , 
 � � > � � ! � & � � �
¨ � � � ! � � D � & � ! �  � 
 � � � & � � � � � h � 
 � & 
 X ª � « ¥ ¤ � 
 � � 
 � 
 � & �
� � 
 > & @ , � � � � � � � � # � 
 � � � > � � � & � ! �  � 
 � � � & � � � � � � � � � � �
� � � h � � � � 
  & 
 � 
 � D 
 | ª � ¦ ª ¬ } « § ¤ � � � �  � & 
 � & , � & � � � � � # � 

� � � � � 
 � � � � � & , 
 � � D , & @ , � � � > � � ! . � � � ¬ � > � & � ! �  � 
 � � � & � � �
� ¬ � � � ¬ � B , 
 � 
 & � � � > � & � ! �  � 
 � � � & � � � � � � � > � ¯ � ° � �
� � � � � � � � � � > £ ¤ � � � �  *  � �  D � � � , �

± � � 
 � � � * � & 
 ! � | � � & , � . & � & � & 
 @ , � � � � � D 
 � 
 ! 
 � & � 0 � � 
 � 0
� 
 D � � & 
 � � � � � � &  , 
 � } 0 & , � 
 
 � 
 & � � > � � � � � # � 
 � � � 
 � � � & � � D . � � , 
 � �
& , 
 � 
 & ³ � > � � � ! � � * @ � � � . & � � � � � # � 
 � 0 ´ � > � � � ! � � * @ � . & � . &
� � � � � # � 
 � 0 � � � ¶ � > � � � & , 
 � & , 
 � | � � & 
 � � � � } � � � � � # � 
 � � ¸ � @
& �  
 & , � & & , 
 � � � ! � � * @ � � � . & � � � � � # � 
 � � � 
 & , 
 � 
 � � � & � � � @ > � 
 

� � � � � # � 
 � 0 � � � � �  
 � 
 � � � � h � . # � 
 & º ¼ ¶ ¾ ´ � � � 
 � 
  & 
 �
� � � � ¿ � � � � � .  , & , � & & , 
 � � > � � ! � & � � � ¨ � � � ! � � D � � # 
 @
 � ! 
 � �  *  � �  � > º � 
 � 
 
 X � � � 
 � � � � � � ! � � * @ � � � . & � � � � � # � 
 �
� � � � � � & � � � & � & , 
 � � � D � � � � � � 
 � � B , � & � � 0 & , 
  � � � 
 � � � � � � � D

� 
 � & �  
 � � > & , 
  . & � 
 & � � � � � # � 
 � > � � ! � > 
 
 � # �  � � 
 � & 
 X � 
 & � �
£ ¤ � � � & & . � � � � . & & , � & � � * � .  , º � . & � > ¶ ¾ ´ � � � � � � 
 �


 � � . D , � � > � � ! � & � � � � � � � � � * I � � D & , 
  � ! # � � � & � � � � � � & * | � & �
� � 
  � � 
 � 
 � � � & � � � � � � � # 
 D � � 
 � � � & 
 � } � > � � & & , 
 > . �  & � � � � �
� 
 � 
 � � i 
 � 
  & � � D � ! � � � ! � � Ä  . & � 
 & , 
 � � � � � ! � � � > * & , 
 � � � � @
* � � � � | Æ � 
 � � � . � � & . � � 
 � 0 
 � D � N P S 0 � �  � ! � . & � � D ! � � � ! . !
> 
 
 � # �  � � 
 � & 
 X � 
 & � N O j S  � � # 
 � � � � � 
 � � } � . � & , 
 � ! � � 
 0 � �
� � � � # 
 � � � � 
 � 0 & , 
 � � � � * � � � � � � � � 
 � 
 � � 
 � & � > & , 
  , � �  
 � >

º � � � � � D � � º � � ! � � � ! � � � � � & , �  , � � 
 �  . & � 
 & º 0 & , 

# 
 , � � � � � � > �  � � # 
  � � & . � 
 � # * & � � � 
 & � � > � 
 � � � & � � � � �
& , 
 � 
 � � � & � � � � � > É � « º 0 � � 
 � 0 É � � � Ê � 0 � � � & , 
 � 
 � � � & � � � � � >
Ë ¬ « ´ 0 � � 
 � 0 Ë ¬ � � Ì ¬ � � 
 � 
 0 ³ � � � º � � 
 & , 
 � � � * � � � � � # � 

�   . � � 
 �  
 � � � > � � ! . � � 
 Ê � x � � � � Ì ¬ x � � B , 
 � 
 > � � ! . � � 
 � � 

� # & � � � 
 � # * � � 
 v . 
 �  
 � > � 
  . � � � � 
 � . # � & � & . & � � � � � > & , 
 � 
 � @
� � & � � � � � � � � . � & � � & , 
 > � � ! . � � 
 > � � � � � � � # � 
 � � � º ¾ ´ , � � 

³ ¾ º � � & , 
 � � � * � � � � � # � 
 �   . � � 
 �  
 � � B , . � 0 & , 
 � � � D � � � �
� � & 
 � ! 
 � � � & 
 � 
 � � � & � � � � � > � � � 
  � � � � � � 
 � � � � * � � 
  � � � Ê �
& , 
 � Ï � � � � � � � � Ð ¿ � � � � � � � > É � « º 0 � � � Ì ¬ & , 
 � Ñ � �   Ò � �
� � � � Ð ¿ � � � � � � � > Ë ¬ « ´ � | Ó . & � 
 & � � � � � # � 
 � , 
 � 
 � � 
 � � � � @
� D � . � & � � & � & 
 � � � � � # � 
 � � > � � & � & 
 & � � � � � & � � � � * � & 
 ! 0 � , � � 


 X  � & � & � � � > . �  & � � � � � � 
 � � � � � D � . � & � & � � � � � & � � � > . �  & � � � � � }

Ô Õ Ö × Ø Ù Ú O � Û Ü Ý � � � Þ � � � ß à � á É ¦ â � � ß à | � á ß â } á
É ¦ É � � à â ¦ ã � � ß à | ß � á � â } á à | � ß É á ß � É } ä å ³ � Þ à ä å

æ ç è ´ � Þ ã ä é � � ê ê ë ì Ü � Ü í î ë ë ì Ü º Ý ë ï Ü Þ � ¦ â ä é � î Ü ç å
ð Ü � ð ñ Ý ñ ç 
 � � � ñ Ý î ð Ü ì ê Ü í Ý Ý ë º å � Ü î æ � Ü

� � � ß à � á à â

â � � ß à | � á ß â } á à â

ã � � ß à | ß � á � â } á à | � ß â á ß � â }

� î Ü æ ï ë � Ü ð ñ 
 î Ý � î æ ç è � ë ð ò � ó æ Ü � ë ð � æ ç è â æ ð Ü Ý î Ü Ü � í ñ Ý æ Ý ñ ë ç
� � ç í Ý ñ ë ç ì � Ý î Ü � ë ð ò � ó æ � ë ð ã ñ ì Ý î Ü ë ï ì Ü ð � æ Ý ñ ë ç � � ç í Ý ñ ë ç é

Ó � ! # � � � & � � � � � � & * � � � � * � � � > � �  *  � �  � 
 � � � & � � � � � > � * � & 
 ! �
� � & , � & � & 
 @ , � � � � � D 
 � 
 ! 
 � & �  � � # 
 � � � � � X � ! � & 
 � � � > � � � � � � �

d X � � � 
 & , 
 � . & � . & � � > � & � & 
 @ , � � � � � D 
 � 
 ! 
 � & � � � & , 
 � � � ! � � *
� � � . & � � 
 X � � � 
 & , 
 � � � . & � � > � & � & 
 @ , � � � � � D 
 � 
 ! 
 � & � � � & , 

� � � ! � � * � . & � . & � � � > & , 
 . � � 
 �  , � # � 
 � & � & 
 � 
 & � > & , 
 � * � & 
 !
� � � � � � � � # � 
 0 � &  � � # 
 . � 
 � � � & , 
 � � � x &  � � 
  � � � � & � � � � �
& , 
  � ! # � � � & � � � � � � & * � � � � * � � � � h � � � 0 � > & , 
 � & � & 
 
 v . � � � � 
 �  

� 
 � � & � � � � � � � � � � 0 � &  � � # 
 . � 
 � � � � � � � � 
 & 
 � ! � � � � & �  ¨ 
 X @
� # � � � & * � � & , 
 � � � . � & � � � � > � & � & 
 @ , � � � � � D 
 � 
 ! 
 � & � � B , 
 � 
 > � � 
 0
� 
 ! � � � � * > �  . � � � � * � & 
 ! � � � & , � . & � & � & 
 @ , � � � � � D 
 � 
 ! 
 � & � �

B , 
 
 X �  & � � � � * � � � > � � � * � & 
 ! � � � & , � & � & 
 @ , � � � � � D 
 � 
 ! 
 � & �
� � � � � & � � � 
 � & � i 
  & � � � l � p � ] � � 
 � � � & , 
 � � � � 
 � � & 
 � 0 � 
 � , � � �
� � � . ! 
 � * � & 
 ! � � �  � � � � � 
 � � & � � � � � 
 � � & , � . & � & � & 
 @ , � � � � � D


 � 
 ! 
 � & � �
� > � � * � & 
 !  � � � � � & � � > �  *  � �  � 
 � � � & � � � � 0 & , 
 � � & � �  � ! @

# � � � & � � � � � � � � � 
 � 
 � 0 & , 
  � � � 
 � � 
 � � � � & & � . 
 � h  � ! # � � � @
& � � � � � � * � & 
 ! ! � * , � � 
 ï ð Ü æ � æ ï ó Ü í ! í ó ñ í è Ü # ç ñ Ý ñ ë ç ì � � 
 �  
 0
� � � * � * � & 
 ! � � � & ,  *  � �  � 
 � � � & � � � � � � 
 � > � . � � � & 
 � 
 � & � % 
 &
� # 
 � .  , � � * � & 
 ! � � & ,  . & � 
 & º � ± � � 
 � � � � � � . & � � @
� � D � ! 
 � & > � � � 0 & , 
 � & , 
 � � � . � & � � � � > & , 
  . & � 
 & � � � � � # � 
 �

 � � � � 
 � � � & , & � ! 
 � B , 
 
 � � � . & � � �  � � # 
  � � & . � 
 � # * � � � � �
� Ò � ° ¿ � � � � �   � ¡ ¢ � | i d ± � } 0 � � � � � D � . � & � � & � & 
 & � � � � � & � � �
D � � � , � > � � � & � & 
 & � � � � � & � � � � * � & 
 ! � � � � � 
 � 
 � 0 . � � � � 
 � � & � & 

& � � � � � & � � � D � � � , 0 � � i d ± £ &� ( ) ( +, � | ¥ &+, ¦ § &+, } 
 X � � & � � � & ,
� 
 � � 
  & & � � � � � & �  . � � � � X 
 � � � � . & � � � � D � ! 
 � & / 0 « N N ³ S S � h
� 
 � & 
 X ª +1 « ¥ &+,  � � � 
 � � � � � � & � � � � � & 
 � ! 
 � � � & 
 � � � . � & � � �

| � � 0 � � & � & 
 } /3 « N N º S S � > & , 
  . & � 
 & � � � � � # � 
 � | � � & , 
 � 
 v . 
 � 0

Ä h  . & � 
 & º � � ò ñ ç ñ ò æ ó � > � 
 ! � � � � D � � * 
 � 
 ! 
 � & > � � ! º
! � � 
 � & , 
 � 
 � . � & � � & � � > � � ! � & � � � ¨ � �  *  � �  �

412



� � � � � 
 
  � � � � � � �  � � � � � � � � � � �  �  � " � � # �  � � � � � � � � � � �
" � + " � � �  � � - / � � 2 � � � " � 2 � � � � � � � 7 9 �� � : 9 �� � - < > ��� 2 � " " � � + �  � �
� � �  �  � 
 � � � �  � C �  � � " F � � � � � �  � 
 � � � � �  � C " � F 
� J � � 
� K L
M � � � � � N 
� K O �P 7 
 � : 
� J - N � � � " � �P R T T U V V � T T X V V � T T X V V � � � � �
 � 2 � � " � C � # 2 � � � � � �  C �  2 � � �  � � C X L M � � " � C � " � N � � � �  � 
 � � � � 
� � � � � � " F �  � � � � 2 � � � � � C �  2 � � �  � 
 
 �  � 
 L 7 d e 2 �  � " � � � N � � �
�  � 
 � � � �  F � e � �  �  � � � � " F �  � � � � 2 � � � � � " � 2 � � N � � g � " � � N
� 
 � � 2 � � � N � � 2 L N � � � � � 2 � " 2 � � � 
 �  � 
 L - i  � � � � � � � " � �  � N � � �
 � 2 � � " �k R T T U V V � T T X V V � T T m V V � C � � � � "  � � � �  C �  2 � � �  � � F + � � � �
� 
 � � � 
 
 �  � �  � " T T X V V � � � � " � � + � 2 � � � � � F � 
 � < T T U V V L

d � 
 � � � � � � r  � �  � � # + 
 � " � � � F � � � � � 2 � � � � � � t u v � L

� w � �  � # � $  y L & ( z { ) + | , } ~ � . � � / � � ~ � | � ~ � � � } ~ � 7 + - O
/ � | � � � 2 3 5 � �� 7 8 7 �� O 7 � ��� : > ��� - � � � � ~ : < ~ � � ~ 9 �� > : 9 �� � : ? ? ? : 9 �� B

| , E ~ � � � � ~ � F � � � 7 9 �� G H � : 9 �� G - < > ��� � & � z � � � � � F � } J F � � � | < �
� ~ � ~ � � ~ � E ~ � � � � ~ � � & { � � � | , } ~ � . � � / � � � F � } J | , } ~ � . � � /
F � � � | < � � ~ � ~ � � ~ � ~ � . ~ � � � � F � � � 9 �� > O 9 �� B �

�  � � � � + � + � " N � � � � � � � � � � " F P 
 � � + � Q C � " t u v � �  � + " � � � "  �
P 2 e 2 
 � � Q C � " � � r  � � � �  � " � + � � L

R T $ � $ W � # � $  y L & � X E ~ � � ~ Y | , � � 2 3 5 � � � � � } | | � � � � Z | �
| � � � � � � } ~ � � � � . � | � } | | � �

R T $ $ � \ t �  2 � �  � " e � � � � � � C �  t u v � � � � � 
 � � � � �  � � � � �
� � �  � � � � � N �  e  � " � � # � � �  � 
 � � + �  � ] � " �  � + � � � 
 � � � �  �

� � � 
 � � + L

R T $ � $ W � # � $    L & � X � F | } | | � � | , � � 2 3 5 F � � � � ~ � ~ � a
¢ � � � � � � � ~ E | } < � � | � � � ~ � � � c | � � � �

R T $ $ � \ t �  2 � �  � " e  � " � � # � C �  t u v � � � � � � � � " F �  � � � � 2
�  � 
 � � � �  � � � � # � 2 � 
 e �  � � � � � � �  � � � � � N �  e � � � 
 � � + � � C

� � � t u v F � � � � � � � � £ � �  � L

�  � � � � � ¤ � � 
 N � � � � � 
 
 � � � � F � t u v � � " � � � � � " F �  � � � � 2 �  
 � � �
� � � � " � � � � � � � � � � L

� w � �  � # � $    L & } | | � e � � § � z ¨ { © � , } ~ � 7 e - O y h e � �
ª « § � z ¨ { © � , } ~ � 7 e - j y �

� � � � 
 
 � � 2 
 � � " 
 � � � " � � e � 
 � � + ¬ � � � � � � 
 � � e � � � � � � " F �  � � � e
� � � 
 �  � � � L

� w � �  � # � $  ® L & � © k ª ¯ { ¯ ¨ ° ¯ ª ± { � � � e | , � � 2 3 5 � �� 7 8 7 ��
� � � } | | � F � | � ~ E ~ � � � � ~ � � } } � � E ~ � � ~ � � ¢ ~ | ³ � ~ � E � � � | � } � ³ ~ } �
� � ~ � � o 9 �� G : 9 �� B < e ? �k 7 
 � : 
� ´ - O �k 7 
 � : 
� µ - �

p � � q r� 7 8 7 �� � �  � � � � � � � � � ¶ 
� < T T X V V · 9 �� � � �  � " � � # �  � � �

 � � + � � C � �� 7 8 7 �� ¸ L ¹ � " º ¼ T T X V V N 
 � � t v 7 º - � �  � � � � � � � � �

¶ �k 7 
 � : 
� - < T T m V V · 
� < º ¸ � C � � � � "  � � � �  
 � � � 
 � L

¾ ¿ À Á � Â w   L w | � � � � < ~ � � ~ � ~ � Ã � | , � ~ x � � � � | � � � � � � < � a
� ~ � X | , 3 Y � ¢ � } ~ y � { � . < � ~ y � � | F � � � ~ � � � � ~ ~ E | } < � � | �

. � � � � � � } ~ � � � � ~ � � � ~ � � � ~ Y ~ � F � � � � � � � ~ � � � � ~ � � E � } < � � � | � � | ,
7 Ä : Å - � 2 � � � ~ � � � ~ � � � � � � . < � � � ~ � ³ X � | } � � � � � � | � � ~ � � � � � } ~ � � |

� ~ � ~ � � � � � ~ � ~ � � | ³ � ~ � E � � � | � } � ³ ~ } � � � � < � ~ � ³ X � � ~ | ³ � ~ � E � � � | �
, < � � � � | � � � � ~ 2 3 5 | , Ç O È � � � � F | } | | � � � | � ~ � � � ³ } ~ � � �

� � ~ | � � ~ � < � � � � ³ } ~ h � � ~ 2 3 5 | , Ç O y � � � � F | � � � ³ } ~ } | | � � �
& } } | , � � ~ } | | � � � � ~ ~ : < � } � ³ � � < ¢ } | | � � �

3. COMBINATIONALITY
AT FUNCTIONAL LEVEL

v �  �  � � � C �  2 � � �  � 
 � 
 �  � 
 � � � 2 " � + � � �  � C � � e � � � F É � � � �
2 e 2 
 � 2 � � r  � � � �  � N � � � � � � e � � � 2 �  � � � � �  � � �  É � � 2 � F �
� �  � � � �  � 
 L

00 01 10 11

(i)

00 01 10 11

(ii)

� ¯ Ë ª ° © � � � ¯ � � � � Ì � ° Ç O È � � ¯ ¯ � � � � Ì � ° Ç O y �

3.1 Formulation of Combinationality
�  � � � C �  2 � � �  � 
 � 
 �  � 
 C � " F � 
 � � � �  � C 2 � F � �  � � � �  � 
 � � e N

+ � e � � 2 � 
 � � F �  � � Î � 2 � � � " � � � � � " � 2 � � � � � � e � e � � � � F �  � � � � �
� 
 
  � 
 � � � � �  � � C C �  2 � � �  � � " � �  � � �  � �  � � � � L Ï � � �  � " N � � �
� " � � " � C  � 
 � � � � �  � F � � � � " � L

Ð � e � � � F É � � � � � � � � � � Ñ � ± ¨ ¯ « z � ¯ � « z { � � � � � C �  2 �
� � �  � 
 
 �  � 
 � C N �  � � " �  e �  + � � � � � � �  F �  � N É � � � 
 � ~ E ~ � a

� < � } } X 7 � L � L N � � � � �  � � �  � � � � � � + � - �  � 
  � �  � � � � � � � � � � 
� � � 2 � � � � � � � � "  � � � �  
 � � � 
 
 �  � � � � � 
 � � � � � � � r  � � �  � 
 � � �
�  � � + �  � �  � � C � � � �  � � � � 
 �  � � "  � 
 � � � � � �  T T X V V L Ï � " � N � � �
� e  � F � 2 � � C É ¬ � �  � 
 � � � �  � � � � � � " � � + � 2 � � � � 2 � � � � � X L
Ò � " � + " � 2 � � � 
 e N

� � w $ T w Á y L & � X � � ~ ¢ É F � � � � < � � ~ � X � � � | ¢ ³ � � � � � | � � }
� � � � ~ , < � � � � | � � } } ~ E ~ } � , � � � | � } X � , � , | � � � X � � � < � � � � � . � a

¢ ~ � � 
 � < T T U V V � � } } � � � � ~ � 
� < q r� 7 8 7 �� � � E ~ � � ~ � � ¢ ~ | ³ � ~ � E � � � | �
} � ³ ~ } �k 7 
 � : 
� - � � � ~ � � · t v 7 q r� 7 8 7 �� - · O y �

R T $ $ � \ 7 � � - t � + + � � �  � � L É F � e + " � � � 2 � � � � + � � � � � �
+ �  � �  � �  � � � �  � � � � 
 � � � � � �  T T X V V L �  � � � � � 2 � � � � N É � �  � �
2 � F � �  � � � �  � 
 L

7 � � - t �  2 � �  � " e  � " � � # � C � �� 7 8 7 �� O 7 � ��� : > ��� - � � � � � � � " � 
� 
 � � + � " �  � + � � � 
 � � � �  � � � � 
 � � + N �  e + � � � � � 
 � �  � � � � 

� � � � � 
� ´ �  � 
  � � �  � � � � � � � � 
� µ < q r� 7 8 7 �� � C � � " · � ��� · � y � � � + �
� C �  � 
 � � � �  L t �  2 � � 
 
 
� < q r� 7 8 7 �� � �  � � � � � � F � � � � � "  � � � � 

 � � � 
 N É �  �  � � � 
 
 e + " � � � 2 � � � �  � ¤ � � � � � + � � �  � � " �  + � �

� L d � 2 � � � � � � � � � � � " � � C � " �  e �  + � � � � � � �  F �  � N � � � + " � � C
C � 
 
 � � � L

¾ ¿ À Á � Â w ® L w | � � � � < ~ 3 Y � ¢ � } ~ � � � � ~ � X � � ~ ¢ � ~ � � � � ³ ~ �
³ X Ã � � � , < � � � � | � � } } X � | ¢ ³ � � � � � | � � } ³ ~ � � < � ~ � , | � � � X 2 3 5 �

� � � � ~ � � � } | | � � � � E ~ � � ~ � � ¢ ~ | ³ � ~ � E � � � | � } � ³ ~ } � � � � ~ � � � � < �
� � � � . � ¢ ~ � � Ç O È � | < � � < � Õ E � } < � � ~ � � | y h < � � ~ � Ç O y � Õ

E � } < � � ~ � � | È �

3.2 Computation Algorithms

3.2.1 Combinationality Test.
¹ " � F M � � � " � F y N � � 2 �  � � 2 � � 2 � F � �  � � � �  � 
 � � e � � � � � 

É � � �  � � � e F � � 
 � 2 2 � F + � � � � � �  7 � L � L d × × � � � � � � 2 � F + � �
� � � � �  - � � C � 
 
 � � � L ¹ � " � � N � � " �  � � � � � � � q r� 7 8 7 �� C � " � 
 
 
 � < T T U V V
� e � � " � � � � � � r # � � � + � �  � 2 � F + � � � � � �  L 7 � � 2 � " " � � + �  � � � � R

� ¹ � " � � F + 
 � 2 � � e N � � " � � � C � 2 � � �  � � � 2 � � � � � � " � � � � " � � � �
�  � ¤ � � � � � + � �  � 
 � � � � �  �  T T m V V C � " �  e �  + � � � � � � �  F �  � L

i � " " � � � 
 � � 2 �  � � � � " � � � � � C � " � � " � 
 e � �  � " � 
 � g � � � � � � � � � C
+ � � � � � 
 � � � � + � �  � 
 � � � � �  � L

413



� � � � � 
 � 
 � 
 � � � � � � � � � � � �� � � � �� � � � �   
 � 
 � 
 � � � " � # % ' � � " 
 � ) � � +   .
� � � � � 
 � � ' � � 
 3 � � � � � � � � � � � � � 7 
 � � % 9 � � ' � > � ? � � � % ' � � ' � � 9 ? B
? � � � 
 3 � � " ' � D % 3 � > # ' % D � �� � � � �� H " # % ' 7 � ' > 
 D � L � ? % D � 9 B
� � � 
 % � 7 
 � � � � � ? � � ' � ? � � ' 
 � � 
 ? # 9 � ? � 
 % � � � � R S U �R � V R W

% # � 3 % � 9 � 
 % � ' � � � � 
 % � % 3 � ' � �� � � � �� � 7 � � ' � Z U �R [ U R ) � ] � ' �
� � 7 � " 
 � � ' % > 9 ? � > � 9 a 
 � 
 � ' " 3 � ' 
 � H � � � � 
 . � . � � � � � � � a � B � � � � � �
? 9 � � � � 3 � ' 
 � H � � � . e � � � ' % ? � � � � � ' D 
 � � � � � 7 � � � � % D % ' �
� � � � � � ? � � H � ' � D % 3 � > # ' % D � �� � � � �� . W m % � 
 ? � � � � � � 7 
 � �
� " D H % � 
 ? ? % D � 9 � � � 
 % � � � �� � � � �� ? � � H � > � ' 
 3 � > � 
 D 9 � � � � � B
% 9 � � " # % ' � � � 
 � ) � � +   � 
 � ? � 3 � ' 
 � H � � � 
 � + � ' � � % � q 9 � � � 
 B
r � > % 9 � 
 � � � � r a � > B � % 
 � � ? % D � 9 � � � 
 % � . u � ? % � > � 7 � > � B
' 
 3 � � � � ? � � ' � ? � � ' 
 � � 
 ? # 9 � ? � 
 % � � % # �  S � �� � � � �� W H " � � � � 
 � L
� � # U ) � % & ( * � 7 � � ' � & x � � +   , � � �   , � � y   - { 
 � � � �
? � � ' � ? � � ' 
 � � 
 ? # 9 � ? � 
 % � & � � R S | R � } R W % # � � � % 9 � � 9 � ' � � � B
� 
 % � � � � > * x � � +   , � � �   - { 
 � � � � ? � � ' � ? � � ' 
 � � 
 ? # 9 � ? � 
 % � % #
� �� � � � �� # % ' � � � 
 � ) � � +   . � L � 
 � � � � 
 � ? � � H � ? % D � 9 � � > � 
 D 9 � � � B
� � % 9 � � " # % ' � � � 
 � ) � � +   � 
 � ? � � ' 
 D � ' " B 
 � � 9 � 3 � ' 
 � H � � � � ' � � % �
q 9 � � � 
 r � > % 9 � 
 � � � � ? % D � 9 � � � 
 % � . � 
 � � � � " � 7 � ? � � ? � 
 # � � � ' �
� a 
 � � � � � 
 � � 9 ? � � � � � [ �  S � �� � � � �� W [ 4 � . � # � � � � � � 7 � ' 
 � � % � B

 � 
 3 � � � � � � � 
 � � % � ? % D H 
 � � � 
 % � � � . � � � � ' 7 
 � � � 
 � 
 � . e � �
? % D � 9 � � � 
 % � ? � � H � > % � � 7 
 � � � u � e B � % � 3 
 � L # % ' D 9 � � � 
 % � �
% ' 7 
 � � � � � � B H � � � > # % ' D 9 � � � 
 % � . � % ' � � � � � � � � ' � � � � ? % D B
� 9 � � � 
 % � ? � � H � � � ' # % ' D � > � � � ? � 
 3 � � " 9 � 
 � L � � � � � � � � � � � � �
� � � 6 � � � � � � � � � � � � � � � � �  � � � � � 8 � �   ¡ � ¢ . e � � � 
 � � � 
 � ? % D B
H 
 � � � 
 % � � � 
 # � � > % � � " 
 # � � q 9 � � � � � � � 8 � �   ¡ � ¢ S � £ 
| W � 7 � � ' �


| 
 � � � � ' H 
 � ' � ' " D 
 � � � ' D 
 � � � y   .
e � � ? % D � 9 � � � 
 % � � � ? % D � � � a 
 � " % # � � � ? % D H 
 � � � 
 % � � � 
 � " � � � �


 � � � � � � D � � � � � � � % # � � � � � � ' � 3 � ' � � � % � � � � � � � ? � � � � � � � >
H " � � � ? 9 � � � � 3 � ' 
 � H � � � . e � � � 
 � � � � � ? % D � � � a 
 � " 
 � ¥ u ¥ � ¦ § B
? % D � � � � � 
 � � � � � 
 ¨ � % # � � � � � � � ? � � > ? 9 � � � � .

< = © > ? © ª « . @ ¬ � � � � � � � � � B � � � � C ® � � E � � � � � � � � � � � � � � � C
� � � ¬ � B G � � � � � � � � � � H � � � ¯ � � � ¬ � � � � � � � J � � C � � � ¯ ¯ � B L N L O Q R T
� � � � � � � � U � � ¬ � � ¯ � � � � � � � ¬ � ¯ � � � � � � ° � G � ¯ � � ¯ � ® � ±

V ? > > X Z e � � � ' % H � � D % # ? % D H 
 � � � 
 % � � � 
 � " � � � � " � 
 � ? � � H �
> % � � 
 � � % � > � � � ' D 
 � 
 � � 
 ? ¥ u ¥ � ¦ § . e % > � � � ' D 
 � � 
 # � � � � � �


[ 
 � 
 � � � % % � 9 � > � ' � % D � 
 � � 9 � � � � 
 L � D � � � � % � � ? � � ' � ? % ' >
� � " ? % � � � ? 9 � 
 3 � � 7 % � � � � � � 
 � � � � � � � � � � 3 % � 9 � 
 % � � ' � ? � � � � ' � B

 � L # ' % D 
[ . � � � � � � 7 
 � > % 7 � � � 
 > � � � � % � L � � � � ' � ? � � � � �

' � ? 9 ' ' � � ? � % # 
[ ? � � H � ? � � ? � � > 
 � � � D % � � [ � � �   [ � � � � � . � �
� > > 
 � 
 % � � % � � ? � � � � � � 
 # > 
 � � ' � � � % 9 � � 9 � % H � � ' 3 � � 
 % � � � H � � �
� 3 � ' � � � � � ' 
 � � � � � � 
 > 
 � L 7 
 � > % 7 � . ³ � � ? � � � � ? % D H 
 � � � 
 % � B
� � 
 � " � � � � " � 
 � ? � � H � � ? � 
 � 3 � > 7 
 � � 
 � � � � ? � H % 9 � > � > H " �
� % � " � % D 
 � � 
 � � � � ? 9 � � � � � 
 ¨ � .

� � � � � % � � � ' � � � > � 7 � � � � > � % ' � > 9 ? � � ¥ u ¥ � ¦ § B ? % D � � � � �
� ' % H � � D � % � � � � ' % H � � D % # ? % D H 
 � � � 
 % � � � 
 � " � � � � " � 
 � . e � �

# % � � % 7 
 � L � ' % H � � D ? � � H � 9 � � > .

¶ 
 3 � � � � % � � � # 9 � ? � 
 % � ^ x Z � £ % % % £ ` ] - Z � £ % % % £ ` ] �

 � � � � ' � � b � 9 ? � � � � � ^ · S � W � ` d

� � 7 � � � � % 7 � � � �  � % H � > � � � ' D 
 � 
 � � 
 ? e f � ¶ u ¥ � ¦ § B ? % D � � � � �

 � ` � � > � � � 9 � � ¥ u ¥ � ¦ § B ? % D � � � � � 
 � � % L ` . ¸ � � � � � H � 
 � �

� � � � � � � � � � 7 � ' � % � � � ¥ u ¥ � ¦ § B ? % D � � � � � � ' % H � � D 
 � � % � 
 B
� 
 3 � 
 # � � > % � � " 
 # � � � � � � 7 � ' � % � � � ? % ' ' � � � % � > 
 � L � ' % H � � D
% # ? % D H 
 � � � 
 % � � � 
 � " � � � � " � 
 � S � % H � ? % � � � ' 9 ? � � > W 
 � � � L � � 
 3 � .

u 
 � ? � � � � ? % D � � � a 
 � " ? � � � � % # � % � > � � � ' D 
 � 
 � � 
 ? � � � ? � 
 � ? � % � � >
9 � > � ' ? % D � � � D � � � � � 
 % � � � º  � � � � � � � % ' � D # % � � % 7 � .

e % ? % D � � � � � � � � � ' % % # � L 
 3 � � ^ x Z � £ % % % £ ` ] - Z � £ % % % £ ` ] �
� � � a ? 
 � � � 
 % � # 9 � ? � 
 % � V x Z � £ % % % £ ` ] - Z � £ % % % £ ` ] � � > % H B

� � ' 3 � � 
 % � # 9 � ? � 
 % � } x Z � £ % % % £ ` ] - { � ' � ? % � � � ' 9 ? � � > � � # % � B
� % 7 � . f � � V � � 3 � � � � � � D � D � � � 
 � L � � ^ H 9 � 7 
 � � V S ` W � � .

e � � 
 � � 7 � � � B � � % 7 � # � ? � � � ' % 3 � > H " u � 3 
 � ? � 
 � � � »  � � � � � > � � � ' B
D 
 � 
 � � 
 ? � � > � % � > � � � ' D 
 � 
 � � 
 ? � � � ? � ? % D � � � a 
 � 
 � � ? % 
 � ? 
 > � .

� � � % � � � � } S k W � X ¼ ½ n © # % ' � o k o ` s � � � � > } S ` W �
t ? u © . ¸ 
 � � � � � � H % 3 � ? % � � � ' 9 ? � 
 % � � ` 
 � ' � � ? � � H � � # ' % D �
9 � > � ' ^ 
 # � � > % � � " 
 # � � � � " � � � D > � r � � > H " V � � > } 
 � � % �
? % D H 
 � � � 
 % � � � . S m % � � � � � � � � 
 � ? � � � ` B 3 � � 9 � > 3 � ' 
 � H � � ? � �
H � � � ? % > � > 7 
 � � y S � % L ` W H 
 � � ' " 3 � ' 
 � H � � � � D 9 � � 
 � � � B 3 � � 9 � >
' � � ' � � � � � � � 
 % � � r � % 9 ' # ' � D � 7 % ' � . W

3.2.2 Cycle Breaking.
u 9 � � % � � � 
 � ? % D H 
 � � � 
 % � � � . � ' % D � � � � H % 3 � ? % D H 
 � � B

� 
 % � � � 
 � " � � � � � 7 � ? � � > � ' 
 3 � � � � � % # � q 9 
 3 � � � � � � ? " ? � 
 ? > � # B

 � 
 � 
 % � � # % ' � . � � # � ? � � � � � ' � � ' � � 7 % 7 � " � % # > % 
 � L � % x

� � � 
 � � % ' � 7 ' 
 � � > � r � 
 � 
 % � � % # � ' 
 D � ' " B % 9 � � 9 � 3 � ' 
 � H � � � � �
# 9 � ? � 
 % � � % # � ' 
 D � ' " B 
 � � 9 � 3 � ' 
 � H � � � . e � � % � � � ' 
 � � % ' � 7 ' 
 � �

> � r � 
 � 
 % � � % # ? 9 � � � � 3 � ' 
 � H � � � � � # 9 � ? � 
 % � � % # � ' 
 D � ' " B 
 � � 9 �
3 � ' 
 � H � � � . � � � > 3 � � � � L � % # � � � � � � � � ' 7 % 9 � > H � � � � � � � � % ' 
 L B

 � � � > � r � 
 � 
 % � � % # � ? � � H � ' � 9 � � > � a ? � � � # % ' � � � > � r � 
 � 
 % � �
U R x � ¾ R � # % ' U R ) � � � � > � � � ' � � 9 � � � � � 9 � 9 � � > % � � � . e � �
> � ' 
 3 � � 
 % � � % # � � � � � 7 > � r � 
 � 
 % � � � ' � � � # % � � % 7 � .

� % ' � � � # % ' D � ' ' � 7 ' 
 � 
 � L � � � � � � 7 > � r � 
 � 
 % � � # % ' � � � � ' 
 D � ' " B
% 9 � � 9 � 3 � ' 
 � H � � � ? � � H � 
 � # � ' ' � > # ' % D � � � 
 � � 9 � B % 9 � � 9 � ' � � � B

� 
 % � # U ) � % & ( * � 7 � 
 ? � � � � H � � � ? % D � 9 � � > 
 � � � � ? % D H 
 � � B
� 
 % � � � 
 � " � � � � . � % ' � � � � � � � ' ' � 7 ' 
 � 
 � L � # % ' � 3 � ' " 
 � ) � � +   � � % D �
� � � � � 
[ �� ) � �� � � � �� 
 � � � � � ? � � > � � � � � ' � � ' � � � � � � � 
 3 � # % ' � �� � � � �� .
e � � � � � � � � 7 > � r � 
 � 
 % � � # % ' � � � ? 9 � � � � 3 � ' 
 � H � � � ? � � H � 
 � B

# � ' ' � > # ' % D � � � ' � � � � 
 % � � �� S ( R S { R � 
� � k  W W ( S ( · S U · � 
[ �� � b  W W �
7 � � ' � { R ) + � U · ) � � � � > 
 � � k  S ' � � � . 
[ �� � b  W � 7 � 
 ? � > � � % � � �
� � � k � � S ' � � � . b � � W H 
 � % # 
 � S ' � � � . 
[ �� W � 
 � � � % % � � � � ? % � � � � � �
% # 3 � � 9 � � 
 � � � ' t ? u © % ' X ¼ ½ n © .

3.3 Generality Analysis
< = © > ? © ª À . Á � � � Â � � ° � Ã � � � U � � ¬ � � � � ¯ � B � � � � � � �

� G � ¯ � � ¯ B � � � ¯ C ¯ � � � � U � � ¬ � C � � � � ° � } � � � � � � ¯ ± @ ¬ � � Å G � ° � �
� � C � � � G � � ¯ ¯ � E � � � � � 
 � ) � � +   Å � ¬ � � � � J � ¯ � ¯ � � � 6 � � � � � � � � � U � � �

� ¬ � � � � � ¯ � B Æ ~� � � � � �� � � ° � ¬ � ¯ � � B Æ ~� � � � � �� ±

V ? > > X Z � 
 ' � � % H � � ' 3 � � � � � � � 
 � ? � H % � � � Â � � > � Ã � ' � ? 9 � B
� � � � � 9 � > � ' � � � � ? 
 r ? 
 � � 9 � � � � 
 L � D � � � 
 � ) � � +   � � � � 3 � ' 
 � H � � �

 � � Â ? � � H � � a � ' � � � � > � � # 9 � ? � 
 % � � % # 3 � ' 
 � H � � � 
 � � Ã � � � >
3 
 ? � 3 � ' � � . e � 9 � � � � � ' � � a 
 � � � D � � � 
 � L ^ Ã Â x � � � Â   - � � � Ã   

S ' � � � . ^ Â Ã x � � � Ã   - � � � Â   W � 9 ? � � � � � � # % ' � 3 � � 9 � � 
 % � 
[ % #
� Â S ' � � � . 
� % # � Ã W � ^ Ã Â S 
[ W S ' � � � . ^ Â Ã S 
� W W 
 � � � � ? % ' ' � � � % � > B


 � L 3 � � 9 � � 
 % � % # � Ã S ' � � � . � Â W 3 � ' 
 � H � � � . � � � > > 
 � 
 % � � � 
 � ? �
� Â � � > � Ã � ' � D 
 � 
 D � � � 7 � � � 3 � ^ Â Ã S ^ Ã Â S 
[ W W � �V Â S 
 � £ 
[ W � � >
^ Ã Â S ^ Â Ã S 
� W W � �V Ã S 
 � £ 
� W � 7 � � ' � �V Â � � > �V Ã � ' � � � � 3 � ? � % ' � % # � a ? 
 B

� � � 
 % � # 9 � ? � 
 % � � % # � 7 
 � � ? 9 � � � � � � Â � � > � Ã � ' � � � � ? � 
 3 � � " .
e % � � � � � � ' � � � � 
 % � H � � 7 � � � � � � � % % � � % # Æ ~� � � � � �� � � >

� � % � � % # Æ ~� � � � � �� � ? % � � 
 > � ' � � � � � � � 3 % � 9 � 
 % � � � q 9 � � ? � � Â �

[ Â � . . . � 
[ R � . . . � 
[ · % # � � � Â   � 9 ? � � � � � 
[ · 
 � � � � r ' � � ' � ? 9 ' B

' � � � � � � � � 
 � � Â 7 
 � � 
[ · � 
[ R . ¦ � � � ' � " � � Ã � ^ Ã Â S 
[ Â W � . . . �
^ Ã Â S 
[ R W � . . . � ^ Ã Â S 
[ · W 
 � � � � � � � � 3 % � 9 � 
 % � � � q 9 � � ? � % 3 � ' � � � Ã   

H � ? � 9 � � ^ Ã Â S ^ Â Ã S ^ Ã Â S 
[ W W W � �V Ã S 
 � £ ^ Ã Â S 
[ W W . m % 7 � 7 � � � � > � %
� � % 7 � � � � ^ Ã Â S 
[ · W 
 � � � � % � � " ' � ? 9 ' ' � � � � � � � � 
 � � Ã 7 
 � �

^ Ã Â S 
[ · W � ^ Ã Â S 
[ R W . � " ? % � � ' � > 
 ? � 
 % � � � 9 � � % � � � � � ' � � a 
 � � �
� � % � � � ' ' � ? 9 ' ' � � � � � � � � 
 � � Ã � 9 ? � � � � � ^ Ã Â S 
[ � W � ^ Ã Â S 
[ � W �
� � � � b . ³ % 7 � 3 � ' � � � 
 � 
 D � � 
 � � 
[ � � Â � 
[ � � Â 
 � � Â H � B
? � 9 � � ^ Â Ã S ^ Ã Â S 
[ � W W � ^ Â Ã S ^ Ã Â S 
[ � W W . � � ? % � � ' � > 
 ? � � 7 
 � � � � �
� � � 9 D � � 
 % � � � � � 
[ · 
 � � � � r ' � � ' � ? 9 ' ' � � � � � � � � 
 � � Â 9 � � � � �

� � b s � � � > � � k s � . u 
 D 
 � � ' � " � % � � ? � � � � % 7 � � � � �
L 
 3 � � � � � � � � � 3 % � 9 � 
 % � � � q 9 � � ? � % # � � � Ã   7 
 � � � � % % � � � � � ' �
� a 
 � � � � ? % ' ' � � � % � > 
 � L � � q 9 � � ? � % # � � � Â   7 
 � � � � % % � . � � � % �
H " ¥ ' % � % � 
 � 
 % � � � � � > « � � � � ' � � a 
 � � � � H 
 È � ? � 
 % � H � � 7 � � � � � �
� % % � � % # Æ ~ � � � � � �� � � > � � % � � % # Æ ~� � � � � �� .

414



� � � � � � � � � � � � 	 
 	 �  � � 	 � � � � � � � � � � � � � � � 
 � � � "  � � � � �
� � � � � � �  �  � � 	 � � (  *  � (  � � � � � "  � " � � �  � � � � � � � � � � � � 	  � � �
� "  � � � � 
 	 � 	 5

� � � � � � � 7 8 : ; < = > : @ A 7 8 C D F G D H F 7 J D K M H = H M < N F O 8 Q
J 7 8 J R < = > �S ; T V V W Y Y  V V : ; Y Y " V V [ Y Y < = > �S @ T V V W Y Y  V V : @ Y Y "

V V [ Y Y A 7 8 G 7 _ 7 J O N 8 < = 8 a 7 F 8 D _ J D K D A J 7 _ a < 8 H D = K O = F 8 H D = J � � 7 8
% @ ; < = > % ; @ A 7 8 G 7 M < d d H = e J < J > 7 h = 7 > H = 8 G 7 d _ D D K D K
l G 7 D _ 7 M n � l G 7 = R �S ; o ( ) q (+ ; r s �S @ o ( ) q % @ ; o (+ ; r r < = > R J H M H N < _ N t R

�S ; o ( ) q % ; @ o (+ @ r r s �S @ o ( ) q (+ @ r R K D _ < = t () v V V W Y Y R (+ ; v V V : ; Y Y R < = >
(+ @ v V V : @ Y Y � { = < > > H 8 H D = 8 D 8 G 7 _ 7 J O N 8 D K l G 7 D _ 7 M n R C 7 = 7 7 >

8 D J G D C 8 G < 8 < N N F D _ _ 7 J d D = > H = e N D D d J D K � 0� 1 2 3 1 45 < = > � 0 � 1 2 6 1 45
M O J 8 G < a 7 8 G 7 J < M 7 D O 8 d O 8 D A J 7 _ a < 8 H D = K D _ < N N () v V V W Y Y �

� O d d D J 7 � H J F D M A H = < 8 H D = < N O = > 7 _ < = < = < N t J H J C H 8 G F O 8 J 7 8
: ; � l G 7 = R < N N 8 G 7 J 8 < 8 7 J H = 8 :� 1 2 3 1 45 M O J 8 G < a 7 8 G 7 J < M 7

D O 8 d O 8 D A J 7 _ a < 8 H D = N < A 7 N R J < t (� ; v V V [ Y Y � � D _ 8 G 7 J < � 7 D K
F D = 8 _ < > H F 8 H D = R < J J O M 7 8 G 7 _ 7 7 � H J 8 J < J 8 < 8 7 (+ @ v 8 :� 1 2 6 1 45 C H 8 G

�S @ o ( ) q (+ @ r @s (� ; � { 8 H M d N H 7 J 8 G < 8 �S ; o ( ) q % ; @ o (+ @ r r @s (� ; � � H = F 7
% ; @ o (+ @ r H J H = 8 :� 1 2 3 1 45 R H 8 F D = 8 _ < > H F 8 J C H 8 G 8 G 7 < J J O M d 8 H D = 8 G < 8
< N N 8 G 7 J 8 < 8 7 J H = 8 :� 1 2 3 1 45 G < a 7 D A J 7 _ a < 8 H D = N < A 7 N (� ; � � 7 = F 7 R
< N N 8 G 7 J 8 < 8 7 J H = 8 :� 1 2 6 1 45 M O J 8 G < a 7 8 G 7 J < M 7 D A J 7 _ a < 8 H D =
N < A 7 N (� ; < J C 7 N N � l G 7 F D _ D N N < _ t K D N N D C J �

� D 8 H F 7 8 G < 8 8 G 7 _ 7 J O N 8 G D N > J 7 a 7 = C G 7 = 8 G 7 F O 8 J 7 8 F G < = e 7 J
> t = < M H F < N N t �

� J J O M H = e < J t J 8 7 M � D d 7 _ < 8 7 J C H 8 G D O 8 < J d 7 F H < N d _ 7 Q
H = H 8 H < N H � < 8 H D = R D O _ F D M A H = < 8 H D = < N H 8 t < = < N t J H J < 8 8 G 7 K O = F 8 H D = < N
N 7 a 7 N H J 8 G 7 M D J 8 e 7 = 7 _ < N K D _ M O N < 8 H D = 8 G < 8 D = 7 F < = G D d 7 K D _
H = 8 G 7 J 7 = J 7 8 G < 8

D F � � � � � � � I "  �   K � 	 � 	 � �  � 	 � � �  � � � � � � � � � � � � � � � * �  �
�  � � � � � � � � � � � � � � ( � � � 
 � � � 	 � � � 	 N  	 � � � � � � � � � � � � � � �
� � � � 
 �  	 � 5

� � � � � � o P " r � O d d D J 7 8 G < 8 � K < H N J D O _ F D M A H = < 8 H D = < N Q
H 8 t 8 7 J 8 � { 8 H M d N H 7 J 8 G < 8 8 G 7 _ 7 7 � H J 8 J J D M 7 H = d O 8 < J J H e = M 7 = 8
J O F G 8 G < 8 8 G 7 F D _ _ 7 J d D = > H = e D O 8 d O 8 a < N O < 8 H D = F < = = D 8 J 7 8 8 N 7

8 D < = O = H � O 7 a < N O 7 � l G H J a H D N < 8 7 J 8 G 7 > 7 h = H 8 H D = D K F D M A H = < Q
8 H D = < N H 8 t �

o R P r l _ H a H < N �

3.4 Conditions of Legitimacy
l G 7 N 7 e H 8 H M < F t D K D O _ F D M A H = < 8 H D = < N H 8 t K D _ M O N < 8 H D = H J F D = Q

h _ M 7 > H K < J t J 8 7 M � J F t F N H F > 7 h = H 8 H D = J < _ 7 8 D A 7 A _ D � 7 = H = 8 G 7
h = < N _ 7 < N H � < 8 H D = � � D C 7 a 7 _ R H K J D M 7 F t F N H F > 7 h = H 8 H D = J < _ 7 8 D A 7
M < H = 8 < H = 7 > H = 8 G 7 h = < N _ 7 < N H � < 8 H D = R 8 G 7 = 8 G 7 F 7 _ 8 H h F < 8 H D = D K
F D M A H = < 8 H D = < N H 8 t < 8 8 G 7 K O = F 8 H D = < N N 7 a 7 N D K < A J 8 _ < F 8 H D = H J = D 8
J O � F H 7 = 8 8 D e O < _ < = 8 7 7 F D _ _ 7 F 8 = 7 J J �   J J 7 = 8 H < N N t R 8 C D _ 7 J 8 _ H F Q

8 H D = J = 7 7 > 8 D A 7 H M d D J 7 > 8 D 7 = J O _ 7 8 G 7 F D _ _ 7 F 8 = 7 J J � � H _ J 8 R < N N
7 � F H 8 < 8 H D = K O = F 8 H D = J J G D O N > A 7 a < N O < 8 7 > J t = F G _ D = D O J N t J O F G

8 G < 8 J 8 < 8 7 7 a D N O 8 H D = J K D N N D C 8 G 7 F D M A H = < 8 H D = < N H 8 t < = < N t J H J �
� 7 F D = > R 8 G 7 8 H M 7 H = 8 7 _ a < N A 7 8 C 7 7 = 8 C D F D = J 7 F O 8 H a 7 H = d O 8 < J Q

J H e = M 7 = 8 J J G D O N > A 7 M O F G N < _ e 7 _ 8 G < = 8 G 7 8 H M 7 J d 7 = 8 D =
H = 8 7 _ = < N a < N O < 8 H D = J J O F G 8 G < 8 8 G 7 J 8 < 8 7 D K 8 G 7 J t J 8 7 M G < J
7 = D O e G 8 H M 7 8 D 7 a D N a 7 8 D < = 7 � O H N H A _ H O M N D D d � ¢ 7 _ 8 < H = N t R

8 G 7 h _ J 8 _ 7 J 8 _ H F 8 H D = H J H = < > 7 � O < 8 7 K D _ G < _ > C < _ 7 _ 7 < N H � < 8 H D = D K
F t F N H F > 7 h = H 8 H D = J > O 7 8 D O = > 7 J H _ < A N 7 > 7 K 7 F 8 J R J O F G < J _ < F 7 J R
G < � < _ > J R e N H 8 F G 7 J R 7 8 F � { = F D = 8 _ < J 8 R J D K 8 C < _ 7 _ 7 < N H � < 8 H D = H J
M D _ 7 < > 7 � O < 8 7 J H = F 7 8 G 7 < A D a 7 > 7 K 7 F 8 J F < = A 7 7 N H M H = < 8 7 > �
� d D J J H A N 7 < d d N H F < 8 H D = > D M < H = F D O N > A 7 J D K 8 C < _ 7 J t = 8 G 7 J H J

K D _ _ 7 < F 8 H a 7 J t J 8 7 M J R C G 7 _ 7 8 G 7 F D M M D = < J J O M d 8 H D = H J 8 G < 8
H = 8 7 _ = < N F D M d O 8 < 8 H D = J < _ 7 M O F G K < J 8 7 _ 8 G < = 7 = a H _ D = M 7 = 8 < N

_ 7 J d D = J 7 J � � 7 = F 7 R 8 G 7 J 7 F D = > _ 7 J 8 _ H F 8 H D = H J J < 8 H J h 7 > O = > 7 _
8 G H J < J J O M d 8 H D = �

3.5 Stable Cyclic Dependencies
� D _ J D K 8 C < _ 7 J t = 8 G 7 J H J C H 8 G F t F N H F > 7 h = H 8 H D = J 8 D A 7 M < H = Q

8 < H = 7 > R < N 8 G D O e G 8 G 7 F D M A H = < 8 H D = < N H 8 t K D _ M O N < 8 H D = < 8 8 G 7
K O = F 8 H D = < N N 7 a 7 N F < = A 7 N 7 e H 8 H M < 8 7 R H 8 M < t A 7 O = > 7 J H _ < A N 7
K D _ �   ¦ J F D = 8 < H = H = e O = J 8 < A N 7 N D D d J � � H = F 7 8 G 7 7 � H J 8 7 = F 7 D K
O = J 8 < A N 7 N D D d J _ 7 J O N 8 J H = d 7 _ J H J 8 7 = 8 O d > < 8 7 J D K J 8 < 8 7 H = K D _ Q
M < 8 H D = o 7 a 7 = 8 G D O e G D A J 7 _ a < 8 H D = K O = F 8 H D = J G < a 7 J 7 8 8 N 7 > 8 D
> 7 h = H 8 7 a < N O 7 J r R 8 G 7 O d > < 8 7 J F D = J O M 7 > t = < M H F d D C 7 _ � l D
< a D H > 8 G 7 d 7 _ J H J 8 7 = 8 d D C 7 _ F D = J O M d 8 H D = R C 7 _ 7 � O H _ 7 8 G < 8 < N N

8 G 7 N D D d J H = �   ¦ J M O J 8 A 7 J 8 < A N 7 � l D > D J D R 8 G 7 > 7 h = H Q
8 H D = J D K 8 G 7 J t J 8 7 M � H = F D = J H > 7 _ < 8 H D = J G D O N > A 7 _ 7 C _ H 8 8 7 = �

� O F G _ 7 C _ H 8 7 J F < = A 7 > D = 7 H = a < _ H D O J C < t J � � D _ H = J 8 < = F 7 R < =
O = J 8 < A N 7 N D D d T H J A _ D � 7 = A t _ 7 > H _ 7 F 8 H = e 8 G 7 7 a D N O 8 H D = D K <
J 8 < 8 7 H = T 8 D H 8 J 7 N K D _ 8 D < = D 8 G 7 _ J 8 < 8 7 = D 8 H = < = O = J 8 < A N 7
N D D d � ¨ 7 F < N N 8 G < 8 _ 7 d N < F H = e F t F N H F > 7 h = H 8 H D = J C H 8 G < F t F N H F
7 � O H a < N 7 = 8 J H J © O J 8 < J d 7 F H < N F < J 7 D K J O F G _ 7 C _ H 8 7 J �

ª = 8 G 7 D 8 G 7 _ G < = > R D = 7 F < = > 7 a H J 7 < = < N e D _ H 8 G M 8 D 8 7 J 8 H K <
J t J 8 7 M � C H 8 G F O 8 J 7 8 : H J J 8 < A N t F D M A H = < 8 H D = < N < 8 8 G 7 K O = F Q
8 H D = < N N 7 a 7 N �   J J 7 = 8 H < N N t R � H J J 8 < A N t F D M A H = < 8 H D = < N H K < = >
D = N t H K R K D _ < = t H = d O 8 < J J H e = M 7 = 8 R < = t J 8 < 8 7 (+ v V V : Y Y F < = _ 7 < F G

o H � 7 � R 7 a D N a 7 8 D r < J 7 N K Q N D D d 7 > J 8 < 8 7 � � 7 8 X T V V W Y Y  V V : Y Y " ¬ A 7
8 G 7 F G < _ < F 8 7 _ H J 8 H F K O = F 8 H D = > 7 = D 8 H = e 8 G 7 J 7 8 D K J 8 < 8 7 J C G H F G
F < = _ 7 < F G J 7 N K Q N D D d 7 > J 8 < 8 7 J C H 8 G _ 7 J d 7 F 8 8 D J D M 7 H = d O 8 < J Q
J H e = M 7 = 8 � l G 7 = 8 G 7 < N e D _ H 8 G M F < = A 7 D O 8 N H = 7 > < J K D N N D C J �
� H _ J 8 R F D M d O 8 7 8 G 7 J 7 8 D K J 7 N K Q N D D d 7 > J 8 < 8 7 J D K � 0� 1 2 1 45 K D _ < N N
() v V V W Y Y A t 8 G 7 F G < _ < F 8 7 _ H J 8 H F K O = F 8 H D = Z  o ®  [ ¯  r R C G 7 _ 7
®  v : H J < F O 8 J 7 8 a < _ H < A N 7 < = > ¯  T V V W Y Y  V V : Y Y " ¬ H J < = 7 � Q
F H 8 < 8 H D = K O = F 8 H D = H = �¯ � � 7 F D = > R N 7 8 X s Z  o ®  [ ¯  r H = H 8 H < N N t �
± 7 _ K D _ M 8 G 7 J 8 < = > < _ > A < F � C < _ > _ 7 < F G < A H N H 8 t < = < N t J H J o G D C Q

7 a 7 _ R a < _ H < A N 7 J H = W < _ 7 = D 8 � O < = 8 H h 7 > D O 8 r � l G < 8 H J R C H 8 G
_ 7 J d 7 F 8 8 D J D M 7 () v V V W Y Y R 8 G 7 J 7 8 ² _ ab D K J 8 < 8 7 J _ 7 d _ 7 J 7 = 8 7 >
A t X 45 H J < O e M 7 = 8 7 > H 8 7 _ < 8 H a 7 N t A t < > > H = e 8 D H 8 8 G 7 J 7 8 D K H 8 J
d _ 7 > 7 F 7 J J D _ J 8 < 8 7 J R C G 7 _ 7 X 45 > 7 = D 8 7 J 8 G 7 d < _ 8 H < N a < N O < 8 H D =
D K X C H 8 G a < _ H < A N 7 J W a < N O < 8 7 8 D ( ) � l G 7 H 8 7 _ < 8 H D = 8 7 _ M H = < 8 7 J

C G 7 = = D M D _ 7 J 8 < 8 7 J F < = A 7 < > > 7 > � ³ J H = e < J t M A D N H F < d Q
d _ D < F G R 8 G 7 F D M d O 8 < 8 H D = H J > D = 7 K D _ < N N H = d O 8 < J J H e = M 7 = 8 J
J H M O N 8 < = 7 D O J N t J H = F 7 a < _ H < A N 7 J H = W < _ 7 = D 8 � O < = 8 H h 7 > D O 8
> O _ H = e 8 G 7 h � 7 > Q d D H = 8 F D M d O 8 < 8 H D = � l G 7 J t J 8 7 M H J J 8 < A N t
F D M A H = < 8 H D = < N H K < = > D = N t H K 8 G 7 h = < N X H J < 8 < O 8 D N D e t �

{ = < > > H 8 H D = 8 D 8 G 7 J 8 < A H N H 8 t _ 7 � O H _ 7 M 7 = 8 R D = 7 M < t C < = 8 8 D
A D O = > 8 G 7 M < � H M O M N 7 = e 8 G D K 7 a D N O 8 H D = d < 8 G J 8 D 7 � O H N H A Q
_ H O M N D D d J � l G 7 = O M A 7 _ D K H 8 7 _ < 8 H D = J J d 7 = 8 H = < F D M A H = < Q
8 H D = < N H 8 t 8 7 J 8 F D _ _ 7 J d D = > J 8 D 8 G 7 N 7 = e 8 G D K 8 G 7 N D = e 7 J 8 7 a D N O Q
8 H D = d < 8 G o J r � { K 8 G 7 N 7 = e 8 G H J e _ 7 < 8 7 _ 8 G < = 8 G 7 O d d 7 _ A D O = > R
J < t g R J 8 < 8 7 7 a D N O 8 H D = J = 7 7 > 8 D A 7 _ 7 > H _ 7 F 8 7 > 8 D J G D _ 8 7 = N D = e
d < 8 G J � ª = 7 < d d _ D < F G C D O N > A 7 8 D M 7 M D _ H � 7 8 G 7 = 7 C N t _ 7 Q
M D a 7 > J 8 < 8 7 J 7 8 J K D _ 7 a 7 _ t g P � H 8 7 _ < 8 H D = J H = 8 G 7 F D M A H = < Q

8 H D = < N H 8 t 8 7 J 8 � � K 8 7 _ 8 G 7 8 7 J 8 R _ 7 > H _ 7 F 8 8 G 7 7 a D N O 8 H D = J D K 8 G 7
M 7 M D _ H � 7 > J 8 < 8 7 J 8 D d _ D d 7 _ 7 � O H N H A _ H O M N D D d J �

3.6 Input-Output Determinism
of State Transition Systems

¶ 7 7 � 8 7 = > F D M A H = < 8 H D = < N H 8 t < = < N t J H J D = 8 G 7 J 7 8 · � D K
F t F N H F > 7 h = H 8 H D = J D K < J t J 8 7 M � C H 8 G J 8 < 8 7 Q G D N > H = e 7 N 7 M 7 = 8 J �
� D 8 7 8 G < 8 · � F D = 8 < H = J D = N t J H M O N 8 < = 7 D O J > 7 h = H 8 H D = J < = > R
8 G O J R 7 � F N O > 7 J 8 G 7 > 7 N < t 7 > > 7 h = H 8 H D = J D K 8 G 7 J 8 < 8 7 Q G D N > H = e
7 N 7 M 7 = 8 J � � 7 8 W < = > [ A 7 8 G 7 J 7 8 J D K d _ H M < _ t H = d O 8 < = > d _ H Q
M < _ t D O 8 d O 8 a < _ H < A N 7 J R _ 7 J d 7 F 8 H a 7 N t � � N J D R N 7 8 ² o _ 7 J d � ² i r A 7
8 G 7 J 7 8 D K D O 8 d O 8 o _ 7 J d � H = d O 8 r a < _ H < A N 7 J D K 8 G 7 J 8 < 8 7 Q G D N > H = e
7 N 7 M 7 = 8 J R < = > : A 7 < F O 8 J 7 8 D K · � � ¶ 7 J d 7 F H K t 8 C D 8 t d 7 J
D K J 8 < 8 7 J T j K �  � � � � 	 � � �  	 V V ² Y Y < _ 7 8 G D J 7 > 7 J H e = < 8 7 > A t 8 G 7
J 8 < 8 7 Q G D N > H = e 7 N 7 M 7 = 8 J ¹ � � �  � � � � 	 � � �  	 V V : Y Y < _ 7 8 G D J 7 7 M 7 _ e Q

415



� � � � � 
 � � � � � � � � � � � � � � � � � 
 � � � ! � � 
 $ � � � � � � � � ) � � � � � 
 � � ) � �
� � , 
 � / � � 
 � � ) � � / � � � � 
 � � 6 � � � � � � ) � � � � � � � � ) � � � � ) � 
 � �

� : � � � � ) � ) � � � � � � � � ) � � � ) � � � $ � � � ? � � � � , � � � �
A / � 
 C D � � � � , � � � � � � � � 
 ) � ) � � H � I � � � � � � � � � � � � � � � � � � � � J

� � 
 � � 
 � L � ) � C � � � ? � ) � � � I � � � ) � � � � � � 
 � � � � / � � � � ) � � � �
� � Q / � � � � ) � C � � ) , � 
 � 
 � L � � � ) � � � / � � � ) � � � � � U � � � � � � ) � � � $
� / � � ) � / C � � � � / � � 
 � � � ? 
 � � � C � � � � ) � � 
 � � � � � L � ) � � � � � � J
� � � � � � � � � � ? / � J 
 / � ? / � C � � ) , � 
 � � � ! � � � � � � 
 � � � � � ^ � � � � 
 � _ $

� � � � � ? / � � ) � � 
 / � ? / � � 
 � � � � � � ) � � J � 
 � � � � � � � � � � � � � � ) � C �
� � � ) � � � ) � � � � ? � � � ) � � 
 / � ? / � � ) � � ? � � � ) � � � � ? / � � $ � � � ? � � J
� � , � � � $ 
 � � � � � � � 
 � � � � � � � � � � � � � � � � � 
 � � � b 
 I � , � � $ ) � � � � � �
� 
 � C � � ) � � 
 � ) � � � � � � � � 
 � � � � � � � � � � � � � � � � � 
 � � 
 � � � � � � � � � ) �
) ? ? � 
 : � � ) � � , � ) � ) � � � � � C � � ) / � � � � � � Q / � � � � � � � , ) � / ) � � 
 � � 
 �
d � � 
 C � � � � � � � � � � � � � � �

e 
 ) � � � � , � ) � � : ) � � ) � ) � � � � � $ I � � � � � � ) C 
 , � � � ? / � ) � �

 / � ? / � � � ) � � � 
 � � ) � � 
 � $ � � ) � � ) C � � � � � ) � ) � � � � � i � 
 � � : � � � � ) �
� � ) � � � k ) � � � 
 � C � � ) � � 
 � ) � � � � ) � ) � � � � � i � 
 � � � � � � � ) � � � ) � � � k
� � 
 / � � C � ? � � � 
 � � � � ) � � � � � ) � � � � � e I 
 � 
 � � � � � 
 � � � � � � � 

C � � ) � � � � � � o p � � � � $ / � � � � ) � � � � ? / � ) � � � � � � � � � �	 r s s t u u ) � �
) � � � � ) � � ) C � � � � ) � � �� r s s d u u $ � � � � � �  �w � � � � �� � �� �


 � ) � � � � J
� � � � ) � � � ) � � � � � � 
 
 ? � 
 � � � � � 
 � � � � ? 
 � � � � � ^ U x y �w � � � � �� � �� �� / � � � ) , � � � � � ) � � 
 C � � � , ) � � 
 � � ) C � � � � � / � � � C � z $ � � � � $

| � � i  �w � � � � �� � �� �
k | } � � ^ � � 
 � � $ / � � � � ) � � � � ? / � ) � � � � � � � � �

�	 ) � � ) � � � � ) � � ) C � � � � ) � � �� $ � � � � 
 � � � � ? 
 � � � � � � � : � i � : � � � J
� ) � k � � ) � � � � / � � C � � � Q / � � � � ) � � � � Q / � , ) � � � � � e � � � � � � 
 � � � : �
� � ) � � � � � � � � � , � � � � 
 � � � � � � � 
 � 
 C � � � , ) � � 
 � � ) C � � � � � � / � � �
C � d � 
 , � �  �w � � � � �� � �� �

�

! � � � ) � � � � � 
 � ? / � ) � � 
 � � � 
 / � � � � � � ) � � 
 � � 
 I � � ' � � ( � � � C �
� � � � � ) � � � � � � ) � � � � � � 
 � � � � � � ) � � J � 
 � � � � � � � � � � � � � ) � � � �

) � � � � � � ) � � 
 � � ' � � ( � , � � s s d u u C � � � � � � � � � ) � � � ) � � � � � � � � � � �
) � � � � � � ) � � 
 � $ I � ? � � � 
 � � � 
 � C � � ) � � 
 � ) � � � � ) � ) � � � � � � � � ) � � � �

� � ^ � � � � 
 � � � _ � � � 
 � � � � � � � � � ) � � w � � � 
 � C � � ) � � 
 � ) � I � � �
� � � ? � � � � 
 z � 
 � ) � � � 	 r s s t u u ) � � �� r ( � � � � i � � � � � � � � � � � � ) � � 
 �
� � � 
 � � � � ) C � � � � � � $ L � � � 
 � � � � � � � � � � � � � � � � � � � � � ? / � J 
 / � ? / �
C � � ) , � 
 � ) � � � � � ? � 
 � � � / � � ) C 
 � � � � k e � � � 
 � C � � ) � � 
 � ) � � � �
) � ) � � � � � ) � � 
 � � , � � / � � � � � � �  �w � � � � �� � �� �

� 
 � ) � � �	 r s s t u u ) � �

�� r ( � � � � p � 
 � � � $ I � 
 C � ) � � � � � � � � 
 � � � : � � � ) � � � / � � � �
�	 ) � � �� C � � 
 � ? / � � � � � � � � � � 
 � 
 C � � � , ) � � 
 � � ) C � � � � � � / � � �
C � d � 
 , � �  �w � � � � �� � �� �

� � � � 
 � � � � � � � � 
 � � � : � � � ) � � � ) � 3
� � ��� � ��

�

e � � � $ ( � � 4 � � } ( � � � � � 3
� � ��� � ��

| � 	 r s s t u u � �� r ( � � � � � e � �

� � � � ) � � 
 � � � � � � � � ) � � I � � � ( � � 4 � � } ( � � � � 
 � � 
 � � : � ! �
� � � � ? 
 � � � $ I � � � � � 
 � � � 
 � � � � � ? � 
 � 
 � � � / � � I � � � � � � � w
� ) � C � � � I � � � � � � I � � � ) � � � � � � � � � � � � � 
 � � � e � � ) � � I � � � �
) � � � ) � � , � � � ) � � 
 � � � � � | � � i 3

� � ��� � ��
k | } � $ � 
 � ) } � � > > > � : C � $

) � � � 
 � ) � � �	 r s s t u u $ �� r ( � � � � e � � � � I � � � � � � ? � 
 � � � / � � � �
� � � � � ) � � 
 I � ) � I ) � � � � � � � C � � � � ^ � � � � 
 � � � _ � _ �

e � � � 
 � � � � ? 
 � � � � � � 
 � ? / � ) � � 
 � ) � � 
 � ? � � : � � � � � � ^ � ! � U J
� 
 � ? � � � � � � � � � � / � C � � 
 � � � ) � � J � 
 � � � � � � � � � � � � � ) � � � � �
� / � � � � � � H � � e � � � ^ � ! � U J � 
 � ? � � � � � � � � � � � � � � � � ) � � � � 
 �
� � � � ) � � � � ) � � � � � � ? / � J 
 / � ? / � � � � � � � � � � � � ? � 
 C � � � 
 � � � ) � �
� � ) � � � � � 
 � � � � � � � � � � � � � ^ � ! � U ) � � � � � , � � � ) � � � � � � ) �
� � � � ^ � ! � U J � 
 � ? � � � � ? � 
 C � � � 
 � � 
 � C � � ) � � 
 � ) � � � � ) � ) � � � � �
� � 
 I � � � e � � 
 � � � _ �

� � � , � � � � � � � � � $ � � ) � � � � ) � � � � � 
 � � � ) � C � � 
 � � � � � � � � � � � � � �
� / � � 
 � � � � � � � � � � � � � � � � 
 � � � ^ � � � � � � � � � � ) � � � ) � � � � � � 
 
 ? �

 � ) � ^ U x � ) � � ) , � � � 6 � � � � � 
 C � � � , ) � � 
 � � ) C � � � � � � / � � � C �
d � $ � � � � � 
 C � � � , ) � � 
 � � ) C � � � � 
 � � � � � / � � � � � ? 
 � � � C � � � � : � � : J

� � � � ) � � � ) � � � � b � � � � $ � � ) � � � � ) � � � � � 
 � � ) � � � 
 � � � � � � � � � � � � � �
� � � � � � � ) � �

4. COMBINATIONALITY
AT CIRCUIT LEVEL

� 
 � C � � ) � � 
 � ) � � � � ) � ) � � � � � ) � � � � � / � � � � 
 � ) � � � , � � ) C � � � ) � � �
) I ) � � � � � � � � � � 
 � � ) � � 
 � � � � � � ) � � � � $ � � � 
 � � � 
 � � / ) � ) � � � �

� � � � � ) � � C � � � � � 
 � � ) � � � ) � � � � � � � � � � � � � � � � � � 
 � � � � � � ) � � � � � / � �
� � ? � � � � � � ) � � 
 � � � A � � � � 
 � � � � � ) � � $ � ) � � � � � � 
 � � / � ) � � 
 �
C ) � � � 
 � � � � � ) � � J , ) � / � � � � � / � ) � � 
 � � / � � � 
 / � � 
 C � � � � � � � � �
� 
 � � / � ) � � 
 � ) � � � � � � � � / � � � � , � � � � � � � � � 
 � � ) � � 
 � $ � 6 � � � � , � � � $

) � � � ) � � � ) � � I � � � � ) � � � 
 / � � � � 
 � / � � � � � ) � � � � � ) � F � � � � � �
� � � G   I ¡ ¢ G £ ¤ ¥ ¤ ¦ £ ¥ § ¨ ¦ ª « ¤ ¥ « ª K ¬ ¢ ¤ ¥ « s  u $ � � � � ) � � J , ) � / � � � � � J
/ � ) � � 
 � � ) � C � � � � ) � � � ) � ) � 
 ? � � ) � � 
 � ) � � � � � � � � 
 � 
 � � 
 � J
C � � ) � � 
 � ) � � � � � 
 � � � � � � � � � � � / � � � s _ � $ _ � u �

4.1 Synthesis of Cyclic Circuits
! � � � � � � ) � � � � ? � s � ® $ � ¯ u 
 � � � � � � � � � H � � � � � � � � � � � � � / � � �

C � � � � � � � � � 
 � � / � ) � � 
 � 
 � � � � � ) � � J , ) � / � � � � � / � ) � � 
 � / ? � 

� � � � / � � � � 
 � ) � � � , � � � � 
 � C � � ) � � 
 � ) � � � � ) � ) � � � � � I ) � � � � � � � �
I � � � � � � / � � � , � � ) � � � � ) � 
 ? � � ) � � 
 � � � b 
 I � , � � $ � � I ) � 
 , � � J
� 
 
 � � � � � ) � � / � � � � 
 � ) � J � � , � � ) � ) � � � � � � � � � � � � � � 
 � � / � � � � � �
� 
 � / ) � ) � � � � � � � � 
 � � � � � � � � � 
 � � � ) � � � � � / � � � � ? � � � � � � ) � � 
 � �

� 
 � � � � � � � � � � 
 � � 
 I � � � � � � � � � � � � � � � � 
 � � 
 , � � ? � � � ) � � J � � ? / �
, ) � � ) C � � � ° ) � � ± o

L o } ³ ° N ´ ³ ± ³ N

O o } ³ ° ³ ± L

N o } ° ± ´ ³ O

e � � � � ) � � � � ) � , � � � � � � � ) � � � � ) C 
 , � � � � � � � � 
 � � ) � � Q G £ µ ¨ ¦ ¢ £ I
ª « « K � 
 � C � � ) � � 
 � ) � / � � � � ) � � � � ? / � ) � � � � � � � � � � � i � � � � � � $

/ � � � � � � � ) � ) � � � � � I � � � � � � / � � � , � � ) � � � � ) � 
 ? � � ) � � 
 � � $ � � �
� � � � � � � � � � � � � 
 � � ) � � � 
 � C � � ) � � 
 � ) � � k b 
 I � , � � $ � / � � � � 
 � ) �
) � ) � � � � � � 
 � � � 
 � � / ) � ) � � � � ) I � � � J C � � ) , � � � � � � / � � � � ? � � J
� � � � ) � � 
 � � � 
 � � � � � � � � � � � � � / � � � � � � � � � � � p � � / � � _ i � k ) � ) �
� � ? � � � � � � ) � � 
 � 
 � � � � ) C 
 , � � � � � � � � � � � � � � 
 � � � e � � � � � � / � �
� ) � � 
 � C � I � � � J C � � ) , � � � e 
 � � � � � � � $ � 
 � � � � � � � � ? / � ) � J
� � � � � � � � ° } � ) � � ± } � � ! � � / � � � � � � � � / � � ) � � � � � / � � �
� � � � / � � � � ) C � � � ) � � � � � 
 � � ) � � � p � � / � � _ i � � k $ I � � � � ) � � � � �
� ) � � � � ) , � 
 � � J / � � � � � � ) � ) � � ) � � � � � I � � � � � ) , � H � � 
 � � � ) � �
� 
 I $ � / ? ? 
 � � � � � ? � � , � 
 / � � � ? / � ) � � � � � � � � � � � ° } � ) � �
± } � C � � 
 � � ) � � � � � � � � � ° } � ) � � ± } � � e � ) � � � $ � � � � � � ) �
� � � � ) � � ¸ ) � � ¹ � � p � � / � � _ i � � k ) � � 
 � , ) � / � � � � � � � ) � � � � ! �
� : ) � � � ) � � 
 � � � 
 I � � � ) � � � � � � � � / � � 
 � � � � � ) � � � � � � ? � � � 
 � � � �
� 
 � C � � ) � � 
 � ) � � � � ) � � � � � / � � � � 
 � ) � � � , � � � U � � � � � � ) � � � $ � � � � ) � � J
/ � � 
 � � � � � ) � � � � � 
 � � � � � ) � � � � ) � � 
 � � � ) � � � ) � � I � � � � ) � �
� 
 � � / � � � � � ) � ) � � � � � H � � � � � � � ) � ) � � � � � � b � � � � $ � / � � � � 
 � ) � J
� � , � � ) � ) � � � � � � � � 
 � � / � � � � � � � 
 � 
 � � � / � � � � � � 
 � � � � � � � � � 
 �

� � � � ) � � J � � , � � � � ? � � � � � � ) � � 
 � �
e I 
 ) ? ? � 
 ) � � � � � ) � C � ) ? ? � � � � � 
 � � � � � � � � � � � � � � � � � � � � �

� � � ) � ) � � � � � ? � 
 ? 
 � � � C � s � ® $ � ¯ u � A � � � � � 
 � � � 
 , � ) : � 
 � �
¸ ´ ³ ¸ } S T U º ) � � ¸ W ³ ¸ } Y » ¼ Z º � � 
 � � � � � � � / � � � , �
� ) � � � � ) � 
 ? � � ) � � 
 � � I � � � ¸ � � � 
 � ) ? � � � ) � � J � � ? / � , ) � � ) C � � �
e � � 
 � � � � � � � 
 ) � � � 
 � � � � � � � � 
 � / � � � � 
 � ) � � : ? � � � � � 
 � �

� / � � � � ) � $ � 
 � � , � � � � � ? / � ) � � � � � � � � � $ � � � � � � � � � � � � � 
 � � ) � �
C � 
 � � � � 
 � � 
 � � � / � � � � 
 � � , ) � / ) � � � � � 
 � � � � � � S T U º 
 � Y » ¼ Z º
? / � � � � � � ? � � � � � � 
 � � � � � � ? / � ) � � � � � � � � � � p 
 � � � � � ) � � � $
� � � � � ? � � , � 
 / � � : ) � ? � � $ ? � 
 � / � � � � � � ³ ° ³ ± � � � � � � 
 C �
) � � � � � 
 � � � � � � � � � � 
 � 
 � L $ � � � $ L o } ³ ° N ´ ³ ± ³ N ´ ³ ° ³ ± �
p 
 � � � � � � � 
 � � � � � � � � � ) � � 
 � $ 
 � � � � 
 / � � C � � ) � � � / � � � ) � �
� / C � � Q / � � � � � � � / � � 
 ? � � � � H ) � � 
 � ¾ � � � ) � � � � � � � � � � � 
 / � � � 
 �
C � � � � 
 , � � I � � � 
 / � � ? � � � ) � � ) � � � � 
 � � � � ) � � � � � � � � � � � � � 
 �

F b 
 I � , � � $ � � � � � � � � � � ) � � / � ? � � 
 � � � , � � � � 
 � � � � , ) � � , � � � � � �
� � � � � � � ) � � 
 ) � � � � � � 
 � 
 / � � � � � / � � � � ) � � , � � � : � � � / � � � � � � � �
) � � / � ? � � 
 � � � � � � � � ) � � H ) � � 
 � � � � 
 � ) � � 
 I � � �

416



( i ) ( ii )

f

gh

x

y
f

a

b

a

b

a

b

g
h

x

y

� � � � � 	 � � � � � 
 � 	 � � � � � � � � � � � � � � � � � � � � 
 � 	 � � � � � 	 � � � � � � � � � � � 	 � � �  � � � # # � � � % 	 � � ) + - � � � 0 + - �

2 4 4 5 7 9 ; = > ? @ ? C E 5 G C 2 E 5 = 7 E ? @ > ; > 2 K 7 M N N 5 P K 2 @ ? 2 9 2 5 7 ; 4 M ?
E = 2 N N = U 5 7 9 C K C N 5 C C = > X 5 7 2 E 5 = 7 2 N C 5 @ C M 5 E ; Y

5. RELATED WORK

5.1 SEG vs. GMW
Z M @ \ ] ^ P = @ > 2 N 5 ; > 5 ; C N = ; ? N K @ ? N 2 E ? 4 E = E b ? � d e d g h i j � i �

k m n i d � m e e d g p ^ q r t 2 7 2 N K ; 5 ; u v w y U b 5 C b 5 ; C = > > = 7 N K M ; ? 4
5 7 E b ? 2 7 2 N K ; 5 ; = P 2 ; K 7 C b @ = 7 = M ; C 5 @ C M 5 E ; Y } = @ ? 2 ; = 7 2 X = M E

E b ? X ? b 2 � 5 = @ = P 2 ; K 7 C b @ = 7 = M ; C 5 @ C M 5 E ; M 7 4 ? @ � b K ; 5 C 2 N ? � ? C E ;
; M C b 2 ; 9 N 5 E C b ? ; y b 2 � 2 @ 4 ; y @ 2 C ? ; y ? E C Y y E b ? ^ q r 2 7 2 N K ; 5 ;
X M 5 N 4 ; 9 @ 2 � b ; ; 5 > 5 N 2 @ E = \ ] ^ ; U 5 E b 2 4 4 5 E 5 = 7 2 N 7 = 7 4 ? E ? @ > 5 7 �
5 ; E 5 C ? � = N M E 5 = 7 ; Y � ? � ? 7 4 5 7 9 = 7 b = U E b ? C M @ @ ? 7 E ; E 2 E ? 2 7 4
7 ? � E ; E 2 E ? 2 @ ? C = 4 ? 4 y 2 7 ? � = N M E 5 = 7 X @ 2 7 C b ? ; = M E 5 7 E = ; ? � ? @ 2 N
7 = 7 4 ? E ? @ > 5 7 5 ; E 5 C = 7 ? ; Y � N ; = y M 7 N 5 � ? 2 7 \ ] ^ ? � 5 ; E 5 7 9 P = @ 2
G � ? 4 5 7 � M E 2 ; ; 5 9 7 > ? 7 E y E b ? 9 @ 2 � b X M 5 N E X K E b ? ^ q r 2 7 2 N �
K ; 5 ; 5 ; C = 7 7 ? C E ? 4 P = @ 4 5 � ? @ ? 7 E 5 7 � M E 2 ; ; 5 9 7 > ? 7 E ; Y } b ? ; ? 2 4 �

4 5 E 5 = 7 2 N ? � = N M E 5 = 7 ; > 2 � ? ^ q r 2 7 2 N K ; 5 ; 2 C = > � N 5 C 2 E ? 4 � @ = �
C ? 4 M @ ? Y ] � ? 7 U = @ ; ? y E b ? ^ q r 2 7 2 N K ; 5 ; 4 ? C N 2 @ ? ; 2 ; E 2 E ?
� 2 @ 5 2 X N ? P = @ ? � ? @ K 4 ? N 2 K ? N ? > ? 7 E p � = ; ; 5 X N K y 2 9 2 E ? = @ U 5 @ ? t Y
� 7 C = > � 2 @ 5 ; = 7 y = 7 N K 2 > 5 7 5 > 2 N C M E ; ? E 7 ? ? 4 ; E = X ? C b = ; ? 7
5 7 = M @ C = > X 5 7 2 E 5 = 7 2 N 5 E K 2 7 2 N K ; 5 ; Y } b ? @ ? P = @ ? y E b ? ; E 2 E ? ; � 2 C ?
5 ; ; M X ; E 2 7 E 5 2 N N K @ ? 4 M C ? 4 Y � 7 4 ? @ E b ? N ? 9 5 E 5 > 2 C K C = 7 4 5 E 5 = 7 ;
5 7 \ ? C E 5 = 7 � Y v y 2 N N = P E b ? 2 X = � ? C = > � N 5 C 2 E 5 = 7 ; 5 7 E b ? ^ q r
2 7 2 N K ; 5 ; C 2 7 X ? 2 � = 5 4 ? 4 2 7 4 ; 5 > � N 5 G ? 4 E = = M @ \ ] ^ P = @ > 2 N �
5 ; > Y

5.2 Combinationalities
� E E b ? P M 7 C E 5 = 7 2 N N ? � ? N y U ? C = 7 E @ 2 ; E = M @ P = @ > M N 2 E 5 = 7 = P

C = > X 5 7 2 E 5 = 7 2 N 5 E K U 5 E b � @ 5 = @ U = @ � X 2 ; ? 4 = 7 E ? @ 7 2 @ K � � 2 N M ? 4
; 5 > M N 2 E 5 = 7 Y � 7 E b ? C 2 ; ? U b ? @ ? 2 N N � 2 N M 2 E 5 = 7 ; 5 7 E b ? ; ? E = P
C K C N 5 C 4 ? G 7 5 E 5 = 7 ; > M ; E ; E 2 X 5 N 5 � ? y E b ? P M 7 C E 5 = 7 2 N � N ? � ? N ? � E ? 7 �
; 5 = 7 = P q 2 N 5 � � ; P = @ > M N 2 E 5 = 7 C 2 7 X ? ; M > > 2 @ 5 � ? 4 2 ; P = N N = U ; Y
� = @ 2 7 K 5 7 � M E 2 ; ; 5 9 7 > ? 7 E � � � u u � w w y E b ? @ ? ? � 5 ; E ; 2 ; ? E = P 4 ? P �
5 7 5 E 5 = 7 ; � 2 N M 2 E 5 7 9 E = ? 5 E b ? @ � � � � = @  � � ! � ; M C b E b 2 E E b ?
C K C N 5 C 4 ? G 7 5 E 5 = 7 ; 2 @ ? X @ = � ? 7 Y } b 5 ; @ ? � M 5 @ ? > ? 7 E C = @ @ ? ; � = 7 4 ;
E = E b 2 E y P = @ ? � ? @ K 5 7 � M E 2 ; ; 5 9 7 > ? 7 E y E b ? C = @ @ ? ; � = 7 4 5 7 9 \ ] ^
b 2 ; 2 ; 5 7 9 N ? N = = � y U b 5 C b 5 ; ; E 2 X N ? y 5 Y ? Y y = P N ? 7 9 E b = 7 ? y 2 7 4 2 N N
; E 2 E ? ; = P E b ? \ ] ^ ? � = N � ? 4 5 @ ? C E N K E = E b 5 ; N = = � Y p � 7 \ ] ^ U 5 E b
> M N E 5 � N ? ; E 2 X N ? N = = � ; C = @ @ ? ; � = 7 4 E = U b 2 E U 2 ; C = 7 ; 5 4 ? @ ? 4
b 2 � 5 7 9 7 = 7 4 ? E ? @ > 5 7 5 ; E 5 C > M N E 5 � N ? ; = N M E 5 = 7 ;   2 7 \ ] ^ U 5 E b 2 7
M 7 ; E 2 X N ? N = = � y 5 Y ? Y y 2 N = = � U 5 E b N ? 7 9 E b 9 @ ? 2 E ? @ E b 2 7 = 7 ? y C = @ �
@ ? ; � = 7 4 ; E = U b 2 E U 2 ; C = 7 ; 5 4 ? @ ? 4 b 2 � 5 7 9 7 = C = 7 ; 5 ; E ? 7 E ; = N M �
E 5 = 7 Y t � 7 C = > � 2 @ 5 ; = 7 y = M @ P = @ > M N 2 E 5 = 7 5 ; > M C b > = @ ? 9 ? 7 ? @ 2 N
X ? C 2 M ; ? \ ] ^ ; 2 @ ? 2 N N = U ? 4 E = b 2 � ? > M N E 5 � N ? N = = � ; y U b 5 C b C 2 7
X ? ; E 2 X N ? = @ M 7 ; E 2 X N ? y 2 7 4 E = b 2 � ? N = 7 9 ? � = N M E 5 = 7 � 2 E b ; Y

¡ = U C = 7 ; 5 4 ? @ 2 > = @ ? @ ? N 2 � ? 4 C 2 ; ? U b ? @ ? ; 5 9 7 2 N ; 2 @ ? 2 N �
N = U ? 4 E = = ; C 5 N N 2 E ? P = @ ; = > ? 5 7 � M E 2 ; ; 5 9 7 > ? 7 E 2 ; N = 7 9 2 ; 2 N N
= M E � M E � 2 N M 2 E 5 = 7 ; 2 @ ? M 7 5 � M ? N K 4 ? E ? @ > 5 7 ? 4 M 7 4 ? @ E b 5 ; 5 7 �
� M E 2 ; ; 5 9 7 > ? 7 E @ ? 9 2 @ 4 N ? ; ; = P 5 7 E ? @ 7 2 N ; E 2 E ? ; Y } = ; ? ? b = U

q 2 N 5 � � ; P = @ > M N 2 E 5 = 7 C = @ @ ? ; � = 7 4 ; y U ? � 2 @ E 5 E 5 = 7 5 7 � M E 2 ; ; 5 9 7 �
> ? 7 E ; 5 7 E = E U = ; ? E ; ¤ = 7 ? U 5 E b = M E � M E ; P M N N K 4 ? E ? @ > 5 7 ? 4 y 2 7 4
E b ? = E b ? @ � 2 @ E 5 2 N N K 4 ? E ? @ > 5 7 ? 4 Y � 7 4 ? @ E b ? P = @ > ? @ ; ? E = P
5 7 � M E 2 ; ; 5 9 7 > ? 7 E ; y 7 = @ ? ; E @ 5 C E 5 = 7 ; 7 ? ? 4 E = X ? 5 > � = ; ? 4 = 7

\ ] ^ ; y ¦ M ; E N 5 � ? 5 7 = M @ P = @ > M N 2 E 5 = 7 Y � 7 4 ? @ E b ? N 2 E E ? @ ; ? E = P
5 7 � M E 2 ; ; 5 9 7 > ? 7 E ; y b = U ? � ? @ y E b ? @ ? ; E @ 5 C E 5 = 7 ; 4 5 ; C M ; ; ? 4 5 7 E b ?
C 2 ; ? U b ? @ ? 2 N N � 2 N M 2 E 5 = 7 ; > M ; E ; E 2 X 5 N 5 � ? 7 ? ? 4 E = X ? 5 > � = ; ? 4 Y
� N E b = M 9 b E b ? 9 ? 7 ? @ 2 N 5 E K 5 ; ? 7 b 2 7 C ? 4 5 7 E b ? @ ? N 2 � ? 4 C 2 ; ? y E b ?
C = > X 5 7 2 E 5 = 7 2 N 5 E K X 2 ; ? 4 = 7 E ? @ 7 2 @ K � � 2 N M ? 4 ; 5 > M N 2 E 5 = 7 5 ; ; E 5 N N
2 N 5 > 5 E ? 4 P = @ > M N 2 E 5 = 7 Y � 7 C = > � 2 @ 5 ; = 7 y = M @ P = @ > M N 2 E 5 = 7 5 ;

; E @ 5 C E N K > = @ ? 9 ? 7 ? @ 2 N Y � 7 P 2 C E y 5 E 5 ; E b ? > = ; E 9 ? 7 ? @ 2 N P = @ > M �
N 2 E 5 = 7 E b 2 E = 7 ? C 2 7 b = � ? P = @ 2 ; ; E 2 E ? 4 5 7 } b ? = @ ? > v Y

¨ © � ª « � � v Y # ¬ e k m e � d % ' h j n i d )  * ® d ¬ ¯ ° d g , h k m ¬ e . � e ± �
k m ¬ e m ° ¬ e i 0 n h g k m h i i 0 ² d k d g j m e d ² � e ² d g h e 0 m e n � k h ° ° m � e �
j d e k  4 k m ° e ¬ k ® h g ² k ¬ ° d d k ® h k ° 0 ° k d j ´ ° n d ± m 6 d ² ¯ 0 µ ¶
m ° e ¬ k ± ¬ j ¯ m e h k m ¬ e h i � e ² d g k ® d . � e ± k m ¬ e h i � i d , d i d ' k d e ° m ¬ e ¬ .

; h i m < = ° ± ¬ j ¯ m e h k m ¬ e h i m k 0 . ¬ g j � i h k m ¬ e · ± ¬ e k g h g 0 k ¬ ¬ � g ± ¬ j �
¯ m e h k m ¬ e h i m k 0 h e h i 0 ° m ° 

5.3 Sequential Extensions
� 7 b 5 ; E b ? ; 5 ; u ¸ - w y \ b 5 � N ? ? � E ? 7 4 ? 4 E b ? 2 7 2 N K ; 5 ; = P C = > X 5 �

7 2 E 5 = 7 2 N C K C N ? ; P = @ C 5 @ C M 5 E ; U 5 E b ; E 2 E ? � b = N 4 5 7 9 ? N ? > ? 7 E ; Y ¹ ?
4 ? G 7 ? 4 ; ? � M ? 7 E 5 2 N = M E � M E � ; E 2 X 5 N 5 E K y U b 5 C b 2 N N = U ; 2 C 5 @ C M 5 E E =
X ? 5 7 5 E 5 2 N 5 � ? 4 E = ; = > ? ; E 2 X N ? ; E 2 E ? ; 2 7 4 C = 7 ; 5 4 ? @ ; = 7 N K 5 7 5 E 5 2 N �
5 � ? 4 X ? b 2 � 5 = @ Y } b ? ^ q r 2 7 2 N K ; 5 ; U 2 ; 2 4 = � E ? 4 E = @ ? � N 2 C ?

E ? @ 7 2 @ K � � 2 N M ? 4 ; 5 > M N 2 E 5 = 7 ; M C b E b 2 E 7 = 7 4 ? E ? @ > 5 7 5 ; E 5 C 5 7 E ? @ �
7 2 N ; E 2 E ? ; U ? @ ? 2 4 > 5 E E ? 4 E = ? � 5 ; E 2 ; N = 7 9 2 ; E b ? = X ; ? @ � 2 X N ?
X ? b 2 � 5 = @ 5 ; M 7 2 � ? C E ? 4 Y � 7 ? � M 5 � 2 N ? 7 E 2 C K C N 5 C C 5 @ C M 5 E C 2 7 X ?
9 ? 7 ? @ 2 E ? 4 P @ = > E b ? ^ q r 2 7 2 N K ; 5 ; Y � 9 2 5 7 y 5 P E b ? = X ¦ ? C E 5 � ?
5 ; ; = P E U 2 @ ? ; K 7 E b ? ; 5 ; = @ E = X @ ? 2 � C K C N 5 C 4 ? G 7 5 E 5 = 7 ; y ; M C b ; ? �
� M ? 7 E 5 2 N ? � E ? 7 ; 5 = 7 C 2 7 X ? 9 ? 7 ? @ 2 N 5 � ? 4 ; M X ; E 2 7 E 5 2 N N K 2 7 4 ; 5 > �
� N 5 G ? 4 E = = M @ C = > � M E 2 E 5 = 7 = M E N 5 7 ? 4 5 7 \ ? C E 5 = 7 � Y ¼ U 5 E b = M E

@ ? ; = @ E 5 7 9 E = E b ? C = > � N 5 C 2 E ? 4 ^ q r 2 7 2 N K ; 5 ; Y

6. CONCLUSIONS AND FUTUREWORK
½ 2 ; ? 4 = 7 E b ? = X ; ? @ � 2 E 5 = 7 E b 2 E U b ? 7 C K C N 5 C 4 ? G 7 5 E 5 = 7 ; 2 @ ?

E = X ? X @ = � ? 7 5 7 E b ? G 7 2 N @ ? 2 N 5 � 2 E 5 = 7 y E b ? P = @ > M N 2 E 5 = 7 = P C = > �
X 5 7 2 E 5 = 7 2 N 5 E K C 2 7 X ? > M C b > = @ ? 9 ? 7 ? @ 2 N E b 2 7 � @ ? � 5 = M ; P = @ �
> M N 2 E 5 = 7 ; Y � 7 2 4 4 5 E 5 = 7 y E b ? 2 7 2 N K ; 5 ; C 2 7 X ? 4 = 7 ? 2 E 2 b 5 9 b ? @
2 X ; E @ 2 C E 5 = 7 N ? � ? N y 5 Y ? Y y E b ? P M 7 C E 5 = 7 2 N N ? � ? N Y } b ? C = > X 5 7 2 �

E 5 = 7 2 N 5 E K P = @ > M N 2 E 5 = 7 5 ; ? � E ? 7 4 ? 4 E = 2 7 ? � E @ ? > ? A 2 ; K ; E ? >
5 ; C = > X 5 7 2 E 5 = 7 2 N N K 5 > � N ? > ? 7 E 2 X N ? 5 P 2 7 4 = 7 N K 5 P 5 E � 2 ; ; ? ;

417



� � � � � � 
 � � � � � � � � � � � � � � � � � � ! � � � � � � � � ' � ) � � � � � � � � � � � �

 � � � � � � � � � � ' 2 3 � � 6 � � � � � � ! � � � : � � � � � � � � � � ' � � � � � � < � � �
< � � � � � � � � � � � @ � � � � � � � � � � ! � � � � < � 3 � � � � � � � ! � � � � � < � � � � � � H �
� � � � � � � � � � 
 � � � � J J � � � � � � � � ' � � � � � 2 3 ! � � � � � � � � � ' � ) � � M
� � � � � � � � 
 � � � � � � � � � � ' � � � ! � ) � � � � � � � � O � � � � � � @ � � ' ' � � � � � 2
3 � � ! � 3 � ! � � � � � � � � � � � � � � � � � ' � J � � ' � � � � < � ! � � ! � � � � � <
� � � � � � � � T � � � � � � � � � � ' � � � � � � � � � � � � � � � W � 6 � 
 � � ! � : ! M � � H � �
� J � � � ) � � � � � � � � � ! � � ' 3 � � � � � � < � 3 � � � � � � � � � ' � � � : � � \ � � � � � M

 � � � � � � � � � � � � � � � ! � � � � � � � � � � H � � 2 3 � � � � � � � � � � � J � � < � � � � �
� � � � � � � � � � � � J � � � � � ! � � � O � � : � � � � � � � � � � � � � � < � � � � � � � � � � M

� � O � � � � � � b 3 � � J J � � � � ! � � � � � : � H � � � � � � � � � < � � ! � ' � ) � � � � � � �
d � < � � < � � � � � 3 � � e 2 � � � ! � � : ! � ! � � ! � � � � � < � � � � � � ' � � � � � �

� f � � � � ! � � � � � � � � � � < � � � 
 � � � � � � � � � � � � 2 � � ' � � � � � W � � � � � � ! �
� � � � � � � � � � � � � � � � � 3 � � � � � � 3 � � ! � � � � � � � ' � ) � � � � � � � � @ � � � : ! �

 � � � � � � � � � � ' � � � ' � � : � � ' � � � � � � 3 � � ! � � � J � � � � � H � � � � � �
� J � � � � O � � � � � � 
 h � � � � H � � � d � � � 2 � � � ! � 3 � � � i � � � � � � � j � k 2 j � l
� � ' j � m 2 � ! � � � � � � � � � � 3 � � � � � � � 3 � � � � � � � � � � ' � ) � � � � � � �

3 � � ! � � � � � � � � o � � H � � � � � � � @ � 3 � � � ' 
 � � � � � � � � � � � : � � � 6 J � � � �
� � � ! W � 6 � 
 � � � � � � � < � � < � � � ! � � � J � � � � O � � � � � �

ACKNOWLEDGEMENTS
b ! � � � � ! � � � 3 � � � ' � � e � � � � � e � � 3 � � ' : � � ! � ! � � J < � � � � � � � � � �
� < � � � � � � � � � � � H � � 3 � � � � � ' � � � � � < � � � : ' � � � � � � � � � � 3 � � ! q � � �
r � � ' � � �

REFERENCES
t u v w � x � � � � � b ! � < � � � ' � � � � � � � < y � � � � � � � � z { { � | } ~ � � 	 ~ � � |

~ � � � � � � z ~ � � � { �  � � � ~ � � � � � { � { 	 z { � � { � � � � � � � � z 2
q @ b � � � � � 2 k � � � �

t k v w � x � � � � � � � � � { � � � z 	 � � � � � � � � ~ � � � � � { � � 	 z � � � � � z � � �
� � � < � 
 � � e 2 u � � � �

t j v r � x � � � � � � x � � � � � � � � � � � � � � � < q T i � � � � � � � � � � � � �
� z ~ � � � ! { � � 	 � � z # $ � � � � & � � � � � 2 J � : � � m j � ) m � � 2 * � � �

u � � � �

t � v * � x � O � O � 3 � e � � � ' � � M * � i � : � � � $ � � � � � z { � { 	 � ! � z � 	 � � � �
i J � � � : � � M 0 � � � � : 2 u � � l �

t l v i � y ' 3 � � ' � � q � e � � : � � � � � � � � � � � � � � � � � � � � � � @ � � z { � �
& � � � � � $ 	 � { � ~ � � { � ! { � � � z � � � � 2 J � : � � u l � ) u m k 2 k � � j �

t m v i � y ' 3 � � ' � � � ' y � 5 � � � b ! � � � � � � � � � � � � ' � 6 � � � � � � � � <
� � � � � ! � � � � � � 
 � � � e M ' � � : � � � � � � : � � : � � 7 � � � � � � { �

! { � � 	 � � z � z { � z ~ � � � � � 2 H � � � � � 2 J � : � � k u M � k 2 k � � j �

t � v w � y H � � 2 * � � � � � 2 x � i � ! � � 
 � � 2 � � ' q � i � ' � � �
d J J � � 6 � � � � � � : � � � � � � � < � � ' 
 � � e � � � � � � ' � � � � � M � � � �
� � ' � � � � � � ' : � � J ! � � $ � � { z � � � � � � ~ 2 H � � � k � 2 J � : � �

u l u ) u � � 2 u � � � �

t � v � � � � � 
 3 � � ! � � 7 � � � � z { � { 	 � � z { � z ~ � � � � � { � � � ~ � � � � �
7 � � � � � � � ; � � 3 � � d � � ' � � � � � � 
 � � � ! � � � 2 u � � j �

t � v � � � � � 
 3 � � ! � � � ' \ � q � � � � � � � ! � � T � � ! � � � � 
 � � � �
� � � � � � � � � < � � � 
 � � � � � � � � � � � � J � � � � � � � � � � � � � '

� � � � ! � � � � � � J � � : � � � � � @ � � z { � � � 	 z { � � � z { 2 u � � l �

t u � v � � @ � � � � � � � � � � � ' � � � � � � � � � � � � � J � � � � � � � � � � ' � � ' � �
� � � J � � � � � � � � � � � � 7 � $ � ? { 	 z � ~ � { � ! { � � 	 � � � � � H � � �

u � 2 J � : � � � j l ) � j � 2 u � � � �

t u u v � � * � � � � � i J � � � M 
 � � � ' � ' � � ' � � � 
 � � � � � � � � � :
� � � 
 � � � � � � � � � J � � 
 � � � � � ? { 	 z � ~ � { � ! { � � 	 � � z ~ � �

7 � � � � � 7 � � � � � � � 2 H � � � u u 2 J � : � � m � ) � l 2 u � � l �

t u k v r � ; � � J � r � ' � � � 
 � � � � � � � � � : � � � 
 � � � � � � � � � J � � 
 � � � � �
! { � � � � C � � � { � ! { � � 	 � � z ! { � � 	 � ~ � � { � � 2 J � : � � � l ) u � � 2

� � � � � � � � � � � 2 u � � k �

t u j v � � ; � � � O � b ! � � � � � � � � � � � < � � � � � ' � � � � � � � � � � J � � �
� � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � z ~ � � � { �

! { � � 	 � � z � 2 J � : � � u m k ) u m � 2 u � � � �

t u � v x � 5 � � � � ' d � r � � � 3 � � � � @ � J � � � � � � � � � J � � � � � � � � <
� o � � H � � � � � � � � � � � � � � � � � : 
 � � � � � ' � � � � � � � ' � � : � � � � � @ �

� z { � � � � � G � ! { � � � ! { � � 	 � � z & � � � � � 2 J � : � � � u ) � l 2 u � � u �

t u l v i � q � � � e � d � � � � � � � � < � � � � � � � � � 
 � � � � � � � � � � � � � � � � � �
� � � � � z ~ � � � { � ! { � � 	 � � z # $ � � � � & � � � � � 2 H � � � u j 2 � � � � 2

J � : � � � l � ) � l m 2 * � � � u � � � �

t u m v ; � � � � h � � ! � � � ' r � ; � � � ! � � � y � � � � � � � � � � � � � � � <
� � � � � � ' � ) � � � � � � � � @ � � z { � � ! { � � 	 � � z $ � � � �

P � z � Q � ~ � � { � 2 J � : � � j � � ) � � l 2 u � � � �

t u � v q � r � � ' � � � � ' * � x � � � e � b ! � � � � � ! � � � � � < � � � � � �
� � � 
 � � � � � � � � � � � � � � � � � � @ � � z { � � & � � � � � $ 	 � { � ~ � � { �

! { � � � z � � � � 2 J � : � � u m j ) u m � 2 k � � j �

t u � v q � r � � ' � � � � ' * � x � � � e � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � �
� � � � � � � � < � � � � � � ! � � � � � @ � � z { � � � � � G � S { z T � � { � { � } { � � �

~ � � 7 � � � � � � � � 2 J � : � � u � l ) u u k 2 k � � j �

t u � v � � i � H � � � ! � r � � � � � � � � ! � J � 
 � � 3 � � � � � � ' � � � � � � � � � � � �
� � ' ' � � � � � � � � � � � � � � J � � � � J � � 6 � � � � � � ? { 	 z � ~ � { �

! { � � 	 � � z ~ � � 7 � � � � � 7 � � � � � � � 2 H � � � � 2 J � : � � u � � ) u � k 2
u � � � �

t k � v b � i ! � J � � � V { z � ~ � $ � ~ � � � � � { � ! � � � � � ! � z � 	 � � � � � ! � � �
� ! � � � � 2 � � � H � � � � � � � < � � � � < � � � � � � � x � � e � � � � 2 u � � m �

t k u v b � i ! � J � � 2 w � x � � � � 2 � � ' � � b � � � � � � � � � � � � � � � � H �
� � � � � � � � � < � � � � � � � � � � � � � � � @ � � z { � � � 	 z { � � ~ � & � � � � �

~ � � � � � � ! { � � � 2 J � : � � j k � ) j j j 2 u � � m �

t k k v 5 � i � � e � \ � � � � � � � J � � ! � � � : ! � � � � � � � � � ! � � � � : � @ � � z { � �
� � � G � ! { � � � { � ! { � � 	 � � z # $ � � � � & � � � � � 2 J � : � � j � l ) j � � 2

u � � k �

418



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


