
� � � � 	 �  � � � � � � � � � 	 � � � � ! # � �  ! � �  !
! � ) � � � # � � . ) � � � � � � ! � � � � # � � �

� 5 � � � 7 �

 8 9 ; = > @ ; B ; D F H . ; 8 I K M O � = Q O I ; D ; M > � I = D � = K 9

S U V X Y [ \ ^ ` a b \ d e ` g d j ` l g [ Y o X p j ` r d j l t p [ S a Y p v j g l [ w w [
y \ X S {

| d j } X a j ` l a [ Y [ V j � � � p � [ g ^
� � b X � } � [ d a � d � [ w w [

� � � � � � l w w [ p g e d a a [ � [ Y [ � } � g d a � [

` p w d l Y } � d r d � � � l a v d � w ^ ` a } � g

� � � � �   ¡ � ¢ £   � ¤ ¥ ¦ § � © ¤ ¥ ¤ ¡ ¤ § � �   ª « ¬ ¤ ¥ �  ® ¤ � ¯ « � ¦ � ° ¡ ¦ § � � ¦ ª ± ² « §   § ¥ ³ ¦ § ©   µ ¶ · ¸ ¹ ¹ º ±
²   » ¦ � �  § ¤ ¤ �   ª ½ ¶ ¾ ¿ ¿ · º ± � © ¤ ® � ¤ � ¤ § � ®   ® ¤ � ® � ¦ ® ¦ � ¤ �   ¡ ¦ § � � « �  � « ¦ § � ¦ � © ¤ �  ® ¤ � ¯ « À
� ¦ � ° ¡ ¦ § � � ¦ ª ¦ » � ° � � ¤ µ � ¶ Á « � © ¥ « Â ¤ � ¤ § � ® � ¦ ¥  ¡ � « ¦ § ¦ � Ã ¤ ¡ � « ¯ ¤ � º � ©   � � ¤   ¡ � � ¦ ¤ Ä ¡ ¤ ® À

� « ¦ §   ª ¤ ¯ ¤ § � � ¶ »   « ª  � ¤ ¤ ¯ ¤ § � � » ¦ � « § � �   § ¡ ¤ º ½ Å Ä « � � « § Ç Á ¦ � È ¦ § ¥ ¤ ¡ ¤ § � �   ª « ¬ ¤ ¥ ¡ ¦ § � � ¦ ª
¦ » Ê « � ¡ � ¤ � ¤ Å ¯ ¤ § � Ë ° � � ¤ µ � ¶ Ê Å Ë º » ¦ ¡  � ¤ � ¦ § ® � ¦ � ª ¤ µ � Á © ¤ � ¤ ¤   ¡ © ¥ ¤ ¡ ¤ § � �   ª « ¬ ¤ ¥
¡ ¦ § � � ¦ ª �  ® ¤ � ¯ « � ¦ � ¡ ¦ § � � ¦ ª �   § ¥ ¦ � � ¤ � ¯ ¤ � � ¦ µ ¤ ¤ ¯ ¤ § � � « §   � ° � � ¤ µ   § ¥ µ  � � � ¦ Ç ¤ � © ¤ �
  ¡ © « ¤ ¯ ¤ � ¦ µ ¤ ® � ¤ � ¡ � « � ¤ ¥ Ç ¦   ª � Ï  ¥ « ¤   § ¥ ³ ¦ § ©   µ ¶ · ¸ ¸ ¾ º ± Ó ¦ ¦   § ¥ ²   » ¦ � �  § ¤

¶ ¾ ¿ ¿ ¾ º ½ Õ § � © « � µ ¦ ¥ ¤ ª � © ¤ �  ® ¤ � ¯ « � ¦ � �   ¡ � � « µ  ª �   § ¤ ¦  � ª ° ¦ § � © ¤ ® ª   § � ¶ ® � ¦ ¡ ¤ � � º   § ¥
  � ¤ � ¦ µ ¤ � « µ ¤ � ¡ ¦ § Ö « ¡ � « § Ç ½ ×  �   ® ® � ¦   ¡ © « � �   � ¤ ¥ ¦ § � © ¤ ¡ ¦ § ¡ ¤ ® � ¦ » ¥ ¤ ¡ ¤ § � �   ª « ¬ ¤ ¥
¡ ¦ § � � ¦ ª   § ¥ Á ¤ ® � ¦ ® ¦ � ¤   ® � ¦ ¡ ¤ ¥  � ¤ Á © « ¡ ©   ª ª ¦ Á � « § ¦ § ¤ ©   § ¥ � ¦   ¯ ¦ « ¥ � © ¤ ¡ ¦ § Ö « ¡ �

® � ¦ � ª ¤ µ   § ¥ ¦ § � © ¤ ¦ � © ¤ � ©   § ¥ � ¦ µ   §   Ç ¤ � © ¤ ¡ ¦ µ µ  �   � « ¦ § ¶ � Á « � ¡ © « § Ç º � ¤ � Á ¤ ¤ §
� Á ¦ ¦ ® ¤ �   � « § Ç µ ¦ ¥ ¤ � ¢ § ¦ µ « §   ª   § ¥ ¥ ¤ Ç �   ¥ ¤ ¥ µ ¦ ¥ ¤ � ª   � ¤ ª ª ¤ ¥ � ¤ � ® ¤ ¡ � « ¯ ¤ ª °

N
  § ¥

D
½

Ù © ¤ ¥ ¤ ¯ ¤ ª ¦ ® ¤ ¥ ¡ ¦ § � � ¦ ª � � �   � ¤ Ç ° » ¦ � �   ¡ È ª ¤ � © ¤ ¡ ¦ § Ö « ¡ � ® � ¦ � ª ¤ µ   § ¥ » ¦ � µ   §   Ç ¤ � © ¤
� Á « � ¡ © « § Ç � ¤ � Á ¤ ¤ § � Á ¦ ¦ ® ¤ �   � « § Ç µ ¦ ¥ ¤ � Á « ª ª � ¤   ª � ¦ « µ ® ª ¤ µ ¤ § � ¤ ¥ � ° � © ¤    � ¦ µ   �   ½

� ` � ^ g l Ü � j Ý
© � Þ Þ � S � X �

ß ¤ ° Á ¦ � ¥ � ¢ Ë  ® ¤ � ¯ « � ¦ � ° ¡ ¦ § � � ¦ ª � © ¤ ¦ � ° ± ¦ ® ¤ �   � « § Ç µ ¦ ¥ ¤ µ   §   Ç ¤ µ ¤ § � ± � Á « � ¡ © « § Ç
¡ ¦ § � � ¦ ª ª ¤ � � ± � ° � � ¤ µ � Á « � © ¡ ©   § Ç « § Ç ¥ ° §   µ « ¡ � ± ¥ ¤ ¡ ¤ § � �   ª « ¬ ¤ ¥ �  ® ¤ � ¯ « � ¦ � ° ¡ ¦ § � � ¦ ª ±
¡ ¦ § Ö « ¡ � ® � ¦ � ª ¤ µ ½

· ½ Õ à Ù Ï × Ê á â Ù Õ × à

Ù © ¤ Ï   µ   ¥ Ç ¤   § ¥ ³ ¦ § ©   µ ¶ Ï ³ º ¡ ¦ § � � ¦ ª � © ¤ À
¦ � °   ª ª ¦ Á � « § ¯ ¤ � � « Ç   � « ¦ § ¦ »   §  µ � ¤ � ¦ » � © ¤ ¦ � ¤ � À
« ¡   ª ¡ ¦ § � � ¦ ª ® � ¦ � ª ¤ µ � ± �  ¡ ©   � » ¤ ¤ ¥ �   ¡ È À �   � ¤ ¥
� ° § � © ¤ � « � ¦ » ¡ ¦ § � � ¦ ª ª ¤ ¥ ¥ ° §   µ « ¡ « § ¯   � «   § �   § ¥
¡ ¦ § ¡ ¤ ® � � �  ¡ ©   � ¡ ¦ § � � ¦ ª ª   � « ª « � °   § ¥ ¦ � � ¤ � ¯   � « ª À
« � ° ½ ã ¦ Á ¤ ¯ ¤ � ± � © ¤ ® � ¦ ¡ ¤ � � � ¦ Á © « ¡ © � © « � � © ¤ ¦ � °

« �   ® ® ª « ¤ ¥ « � » � ¤ ä  ¤ § � ª ° � © ¤ ® � ¦ ¥  ¡ � ¦ » � « µ ® ª ¤
¡ ¦ µ ® ¦ § ¤ § � � ± « � � � �   � ¤ � « ¬ ¤ « § ¡ � ¤   � ¤ � ¤ Ä ® ¦ § ¤ § À

� «   ª ª ° Á « � © � © ¤ §  µ � ¤ � ¦ » ¡ ¦ µ ® ¦ § ¤ § � �   § ¥ �  À
® ¤ � ¯ « � ¦ � � ° § � © ¤ � « � � © ¤ � ¤ » ¦ � ¤ � ¤ ¡ ¦ µ ¤ � ª   � ¦ � « ¦  � ½
� ¡ ¦ µ µ ¦ § Á   ° ¦ » ¥ ¤   ª « § Ç Á « � © � © ¤ � �   � ¤ ¤ Ä À
® ª ¦ � « ¦ § « � � °   ® ® ª ° « § Ç © ¦ � « ¬ ¦ § �   ª ¶ µ ¦ ¥  ª   �   § ¥
¥ ¤ ¡ ¤ § � �   ª « ¬ ¤ ¥ º ¦ � ¯ ¤ � � « ¡   ª ¶ © « ¤ �   � ¡ © « ¡   ª º ¥ ¤ ¡ ¦ µ À



� � � � 	 � � � � � 	 � � � � � � � � � � � � � � � 	 � � � � � � " � � $ & ' � �
	 � � $ � � ( � 	 � ) � � � � 	 � $ . ( � � � � � � � 	 � � � � � � 	 � 5 	 . � �

� � 8 � � � � 	 � � � $ 	 � ( 	 � � � � � � � � $ � � 	 � � � � � 	 � $ � &
A � 	 � � � � ( � � . ( � � ( � 	 � ) � � � � 	 � $ � � � � � � � 	 � ( � � � (
� � � � � � 	 � � � � � � 	 � $ � � � � � � � � 	 � � � � � 8 � � � � 	 � � � J
� � � 	 � � � � " L � � 	 � ) � � � � � � � � ( 	 � � � $ � � � � . O � � � �
( � � � � � R � � 	 � � � & T � O � ) � � � � � � � � 	 � � " � 	 � � � � ( �

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

� � � � ( 	 � � � . O � � � ( � � 5 � � � 	 � � � ( � � ) � � 	 � � � � � �
a b c d c ( � ( � � � � � � ) � � 	 � � ( � � � ( � � � ) � � 	 g & � ( � � � � �

� � � � � � � � � � � � 	 � � � 	 � � � � � � � � 	 � $ � ( � � � � � � $ �
� � � � � � � � � 	 � " � � � � � � � � � � . " � 	 	 � � � � � 	 � $ � 	 � � � �
$ � � 	 � � $ ( � � � � � � � ) � � � � � � � � � � ( � � � � � . " � 	 O � 	 �
� � 8 � � � � 	 � " L � � 	 � ) � � 	 � ( � � � � � $ � � ( � � � � � ( 	 � � �

$ � � � & n � $ � � ( � a � � � � � $ ( � g $ � � � � � 	 � � � � � J
� � ( � � � " � ( � � 	 � � � $ � � � . O � � � � � � � � � � � � � � 	 �
" � " � � � p � � � O � 	 � � � � � � � 	 	 � 	 � � � � $ � � ( � � � � ) � � �
$ � � � & T � O � ) � � . 	 � � 	 O � $ � � � � � � � � 	 � � � � ( 	 �
� � � � � � � � � 	 � � � � 	 � � � � � 	 � $ & A 	 � � � � � � " � � � 	 � �

	 � ( 	 ( � � � � � � 	 � � � � � � 	 � $ � ( � � ( ) � $ � � 	 � � � �
� � � � ( 	 � � � $ � � � � r ( $ ( � � a t u u � g . " � 	 � � 	 � � �
� ( � � � O � � � � � � � � � � � � � 	 O � � � � � ( 	 � � � $ � � � � w
� � $ � � ( � ( � � � � � � ( � � � $ � � � & A � 	 � � � � � � 	 � 5 	 .
( � � � � � ) � � � � � � � � 	 � � � ( � � � � ( � � " ( � � � � � 	 � �
� � � � � 	 � ( � � y � � � � � 	 � � � � � � � � � 	 � � � � � � � � � � 	 �

$ ( � ( � � ( � � � � � 	 � $ � � � R � � 	 � � � $ � � � � & ' � � � � � J
	 � � � � � � � ( � 	 � � � � � 	 � � � � � � ( � � � $ � � � � � � � � ) � � � �
� � � � � � � � � � � . O � � � 	 � � � � � � � � � ( � � � � � & { � � �
( � ( � � � � � � ) � � 	 � � � � � � . 	 � � � � � � ( � � � $ � � � � � J

� � � ) � � � � � � ( � 	 � ) ( 	 � � . O � � � � 	 � � � � � 	 � � � ( � 	 � � �
� � 	 � � � � $ � � ( � $ � � � � � � � � ) � � � � � � � � � � � � � � �
� � 	 � � ( � � � ( � � � ) � � 	 � � � � � � & ' � � � � � � � 	 � � ( � 	 � J
) ( 	 � � � � � � � ) � � � � $ � � 	 p � � O 	 � � � � � � � � 	 � � � J

	 � $ � 	 ( 	 � 	 � " � ( " � � 	 � � � � � � O � 	 � " � � ( ) � � � .
" � � ( � � � � 	 � O � 	 � � � � � � � $ � � � $ � � � 	 � ( � � 	 � � � &
{ � � � � � � � � ( � � � � � � � � � . O � � � � � � � � � � � 	 � �
� � � � � � R � � 	 � � � � � � � � ) � � � � � � � 	 � � � � � � � 	 � ( � � y � �
( � � � � 	 � � 	 � � � ( � � 	 � � � O � 	 � � � � � " � 	 O � � � 	 O �

� � � � ( 	 � � � $ � � � � &

t & � � � � n ' � � � A � � � n � 	 A n � � � n �
� � � � � � � � � �  � � � A � � � �

A � 	 � � � � � � 	 � � � . O � � � � � � � " � � � � $ ( � � � ( � � $ � � � �
$ ( 	 � � $ ( 	 � � ( � � � 	 � � � � ( � 	 � ) � � � � 	 � $ � � � � � ) � J
� � � � � � � 	 � � � � � � " � � $ &
' O � � � 	 � 	 � � � ( � � � � � 	 � � � � � � � � � � � � � � � � � �

a � g n � $ � � ( � � � � � � 	 � ( � � y � � � � � � � ) � � � � � � � � 	 � � �
a t g � � � � ( � � � � � � � � 	 � ( � � y � � � � � � � ) � � � � � � � � J

	 � � � &

' � � 	 O � � � � ( � � � � � � 	 � ( � � y � � $ � � � � � ( � � ( ) �
� � � � � � � � � � � � � � � ( 	 � � � � & A � � ( � 	 . 	 � � � � ( � � � O �
� � � � � � � 	 � ( 	

ΣN ∩ ΣD �= ∅
&

DP G DGPNG N

SN D

Nominal loop

Degraded loop

AND

S

� � � & � & � � � � � � � � ! # ! � � ' ) � ! � ) � � � � + � - . - ' � . � 3 � . +
+ � 5 ) � + � + ' - + � !

' � � � � � $ � � ( � ( � � � � � � ( � � � � � � � � � � ( 	 � � � � ( � �
� � 	 � � $ � � � 	 � � � � � � � � � � � � � 	 � ( � � � 	 � � � & n � O
� � � � �

G = (Q, Σ, δ, q0, Qm)
( � 	 � � � � � � � ( J

	 � � � � 	 � � � � � 	 � $ . ( � � � $ � � 	 � " � � � � 	 � ( � � � � �
� � $ � � ( � $ � � � & ' � � � � $ � � ( � � � � � � � � $ � � � � � �
� � � � � � " � w

PN (L(G)) := L(GN )O � � � �
GN = (QN , ΣN , δN , q0,N , Qm,N )

( � �

ΣN

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

& � � $ J
� � ( � � � . O � � � � � � 	 � � � � � � ( � � � � � � � � � � " � w

PD(L(G)) := L(GD)O � � � �
GD = (QD, ΣD, δD, q0,D, Qm,D) PN( � �

PD

� � � � � � � � 	 � � $ � � ( � ( � � � � � � ( � � � � ( 	 � J
� ( � � � � L � � 	 � � � � � � � � � � 	 � ) � � � ( � � ( � � � � � � � � ( �

� � � � � O � w

PN : Σ∗ −→ Σ∗
N

PN (ε) = ε

PN (sσ) =

{
PN (s)σ

� �
σ ∈ ΣN

PN (s)
� 	 � � � O � � �

PD : Σ∗ −→ Σ∗
D

PD(ε) = ε

PD(sσ) =

{
PD(s)σ

� �
σ ∈ ΣD

PD(s)
� 	 � � � O � � �

A � 	 � � � � � L � � � 	 � ) � ( � � � � 	 � � 	 � � � 	 � � � � � � � ) � � � � �
( � 	 � � $ � � 	 ( � � � � � � � � � 	 � � � � � � � � � & T � O � ) � � .

	 � � � � 	 � ( 	 � � � � � ( � � � � $ � 	 � $ � � 	 � 	 � � � � � R � � 	
� � � " � � $ & A � � � � ( � � � � ( � � O � O � � � ( � � � 	 � � 	 � �
� � � L � � � 	 � ) � ( � � � � 	 � � 	 � � � � � � ( � � � ( � � � 	 � � �

a t u u t g . � ( � � ( � � � ( � ( � � � ( � � � 	 � � � a � � � � g & ( � �
O � O � � � " � $ ( � ( � � 	 � � � O � 	 � � � � � " � 	 O � � � � � $ J
� � ( � ( � � � � � � ( � � � $ � � � � & { � ( � � � $ � 	 � ( 	 ( 	
( � � 	 � $ � � � � � $ � � � � � ( � 	 � ) ( 	 � � ( � � O � O � � �

� � � � � � � � ( � � � � � � � � � O � � � � ( � � � O � 	 � ( ) � � � � � �
	 � � � � � R � � 	 � � � " � � $ " � ( � 	 � ) ( 	 � � � ( 	 � � � 	 � $ � �

( � � � 	 ( " � � � � � � � ) � � � � &
{ � � 	 ( � 	 " � � � � ( � � � � � � � $ � p � � � � � � � 	 � � � � ( � �
� � � � � � 	 � 	 � ( 	 ( � � � � � � � � " � � � � � O � � ( � � � � � � � 	
� � � � � O � � � � � 	 &
� � 	 � � � � � � � � 	 � � � � � � � O � � � � � ( � � � � � � � ( � J
� � ( � � � w



Lσf
:= {s ∈ L(G) | sσf ∈ L(G)}

�

Lσf

� � � � 
 �  
 � �  � 
 � � � � � 
 � � � �    � " $ � � � �  %
s
 � � 
 � � � ) * � � � , � $ � � � / � � 


σf

�

�
L(G)

Lσf

:= {s ∈ L(G) | s �∈ Lσf
}

� � � � 
 �  
 � �  � 


� � � � � 
 � � � �  
 � � 
 � � 
 ) � � � � 5 
 �
Lσf

�

Lσr
:= {s ∈ L(G) | sσr ∈ L(G)}

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

s

 � � 
 � � � ) * � � � ; � , � � / � � 


σr

�

�
L(G)

Lσr

:= {s ∈ L(G) | s �∈ Lσr
}

� � � � 
 �  
 � �  � 


� � � � � 
 � � � � 
s


 � � 
 � � 
 ) � � � � 5 
 �
Lσr

�
? � 
 $  � � � � � � � � C , � � � � � � � � 
 � � � , D � �  $ ; � � / , G
 � �  � � C , � � �  $ ; � � / ,  � � � � � 
 � �  � I � � � ) � � / , 
 * %

M � � � � 
 � � 
 � � ; � � � �   , � 
 � � � � C , � � � � ; � � � 
 G
, � 5 C � � � O � � � � 
 � � ) *

SN

O � 

SN : PN (L(G)) −→ Γ := {γ ∈ 2Σ : Σuc ⊆
γ}

 $ � � 
 � � 

∀s ∈ L(G) :

SN (PN (s)) =




Σ − ΣN,c ∪ {σ ∈ ΣN,c |P
−1
N (PN (s))σ ∩ K

�= ∅}
, �

s ∈ Lσf
∪ �

L(G)

Lσr

Σ
, �

s ∈ �
L(G)

Lσf

∩ Lσr

Γ
� � ; � �  � � 
  � ; � � 
 , � $ � � �  $ )  � 
 � � � / � � 
  
 � ) �

� � � ) � � � ) * 
 � �  $ ; � � / ,  � � �
U � 
 � � � � C , � � � � ; � � � 
 , � 5 C � � � O � � C � � * � �

� � , � $ � � � / � � 
 � � � $ �  � � � � 
 � � � � � $ � � � � � � � � � � G
; � , � � / � � 
 O 
 � � � � C , � � �  $ ; � � / ,  � � � ,  � ) � �  � C �
� � � 
 � � � � � ) � � � / � � 
  , � � � � � � 
 � � � � , � / � � � 5 , / � �
� �  , � � � � � � 5 $ � 5 �  

K
% � \ $ 
 , � � � � , � $ � � � / � � 


� � � $ �  
 � � � � C , � � �  $ ; � � / ,  � � � � � ,  , � � � $ � � � � G
� ) � � 

Σc

) * � � � � $ � 
 �
a � M ? � 
 $  � � � � � � � � 5 � � � � � � � � � � 
 � � � , D � �
 $ ; � � / ,  � �  � � 5 � � � � �  $ ; � � / ,  � � � � � 
 � �  � I � � �

) � � / , 
 * % M � � � � 
 � � 
 � � ; � � � �   , � 
 � � � � 5 � � � � �
� ; � � � 
 , � 5 C � � � O � � � � 
 � � ) *

SD

O � 

SD : PD(L(G)) −→ γ
 $ � � 
 � � 


∀s ∈ L(G) :
SD(PD(s)) =




Σ − ΣD,c ∪ {σ ∈ ΣD,c |P
−1
D (PD(s))σ ∩ K

�= ∅}
, �

s ∈ �
L(G)

Lσf

∩ Lσr

Σ
, �

s ∈ Lσf
∪ �

L(G)

Lσrg 
 
 � � � � � $ � � � � � � � � 
 � � � � , � $ � � � / � � 
 O � � C � � *
, � 
 � � � � 5 � � � � � � ; � � � 
 , � 5 C � � � O 
 � � � � 5 � � � � �
 $ ; � � / ,  � � � ,  � ) � �  � C � � � � 
 � � � � � ) � � � / � � 
  , �

� � � � � 
 � � � � , � / � � � 5 , / � � � �  , � � � � � � 5 $ � 5 �
 
K

% � \ $ 
 , � � � � ; � , � � / � � 
 � � � $ �  
 � � � � 5 � � � � �
 $ ; � � / ,  � � � � � ,  , � � � $ � � � � � ) � �  ) * � � � � $ � 
 � � �
5 � � � � � 
 � � ; � � � �   � / � � 
  �
l M �  $ ; � � / ,  � � 

SN

� � �
SD

� � � ; � � � 
 � , � � � � � �

 � � � � , � / � � 5 , / � � � �  , � � � � � � 
 � � � � � � ) � � � / , � �

K
�

� p q r q s t u t q v w
� � � � 
 � � � � � 
 � � � � � � � � � � � � � � � � �

SN !
� �

SD� � � %
!

� � '
!

� � )
L(SN/G) !

� �
L(SD/G) !


 � � � � +
, � � - � , � � � � 0 �

! 2
� % 4

L(SN/G) ∩ L(SD/G) = L(SN/G) ∩ L(SD/G) 5

x y 6 6 7
l � � , � � � $  , � �

L(SN/G) ∩ L(SD/G) ⊆ L(SN/G) ∩ L(SD/G),  � $ 
 � C � 
 , � � U � � � � 
 z
{ � � � / �

L(SN/G) ∩ L(SD/G) ⊆ L(SN/G)
⇒ L(SN/G) ∩ L(SD/G) ⊆ L(SN/G)

�
{ � � � / �

L(SN/G) ∩ L(SD/G) ⊆ L(SD/G)
⇒ L(SN/G) ∩ L(SD/G) ⊆ L(SD/G)

�
| �

L(SN/G) ∩ L(SD/G) ⊆ L(SN/G)∩L(SD/G)
�

a � M M � ; � � � � 
 � � , � / � �  � , � � � $  , � � O � � C � � *

L(SN/G) ∩ L(SD/G) ⊆ L(SN/G) ∩ L(SD/G)
�

? � 

s ∈ L(SN/G) ∩ L(SD/G)

⇒ s ∈ L(SN/G)
� � �

s ∈ L(SD/G)
�

{ � � ,  
 , � 5 $ , � � � � 
 M � � �  �  z

� � 8 � : ;
s ∈ Lσf

∪ �
L(G)

LσrU � 
 � ,  � �  �
∀σ ∈ Σ

O  $ � � 
 � � 

sσ ∈ L(G)� � �

σ ∈ SN (PN (s))
O � � C � � *

σ
,  � � � ) � � �

� � 
 � � 
 � �  � " $ � � � �
s

) *
SN

�
U � 
 � ,  � �  � 
 � �  $ ; � � / ,  � �

SD

� � � ) � �  � � �
5 � � � � � 
 � � � / � � 
  � �

Σ
O , � ; � � 
 , � $ � � �

σ
� | �

σ ∈
SD(PD(s))

� l � � �
sσ ∈ L(SN/G)∩L(SD/G)� � �  � " $ � � � 
 � *

s ∈ L(SN/G) ∩ L(SD/G)
� � 8 � = ;

s ∈ �
L(G)

Lσf

∩ Lσr

U � 
 � ,  � �  �
∀σ ∈ Σ

O  $ � � 
 � � 

sσ ∈ L(G)

� � �

σ ∈ SD(PD(s))
O � � C � � *

σ
,  � � � ) � � � � � 
 � �


 � �  � " $ � � � �
s

) *
SD

�
U � 
 � ,  � �  � 
 � �  $ ; � � / ,  � �

SN

� � � ) � � � � � �
5 � � � � � 
 � � � / � � 
  � �

Σ
O , � ; � � 
 , � $ � � �

σ
� | �

σ ∈
SN (PN (s))

� l � � �
sσ ∈ L(SN/G)∩L(SD/G)� � �  � " $ � � � 
 � *

s ∈ L(SN/G) ∩ L(SD/G)
�

♦

> � U � � ? � � � a l g l U � a � 
 | � � � �  U | � � �
� � a l � � ? | \ � g � l � � g l g

U � 
 � � ; � � / , � $   � � 
 , � � O M �  
 $ � , � � 
 � �  M , 
 � � G
, � 5 � � � 
 � � � � � � ,  , � �  ) � 
 M � � � � , � � � � � 
  $ ; � � G
/ ,  � �  � � � M � � �  , 5 � 
 � � � � � � � � � , � 
 , � 5  $ ; � � G
/ ,  � �  � � �  *  
 � C  M � �  � � * � � C , �  � � � � 5 � � 

 � � * � / � � / � � � 
 M � � ; � � � 
 , � 5 C � � �  � { � , � �

 � � � � � 
 , � � � � * � � � / � � , � � 
 O 
 � � � )  
 � � � 
 � � � � , G

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

Si :
Pi(L(G)) −→ γ

� � �  � � 
 , � , 
  � � � ; � � / , � �
� � � � � � � 
 � � � ; � �  � � 
 � 
 , � � � � � ; � � � 
 , � � � , C ; � � G
C � � 
 � 
 , � � � | � 
 � ,   � � 
 , � � M , � � ) � � � / � 
 � �



� � � � � 	 
 � � � � � � � � 	 � � � � � � � � � � � � � � � � " � 
 $ � � &
� � ' � * � � � 
 
 � " 	 � � / � � ' � $ � � � � � � 2 * � � 
 � � � � �
� � � � � 	 � � � � � � " � � � � � � " $ 	 � 
 9 � " � 
 � � � � 
 / � � '
� ' � 9 � � � 	 � 
 � � � � ' � � / � = ? � A � � � 2 � � � � � � � � � �

� � / � " $ 	 � 
 9 � " � 

SN

* � � � � � � � 	 � � � � � � � / � �

EN

=
EN

� " / � � � � / � � � � �
5 − uplet

J
EN :=

(XN , ΣN , ξN , x0,N , Xm,N )
= K � � � � � 
 � � 2

ED

� � &
	 � � � � � � " � � � / � ' 
 � / � / � � / � " $ 	 � 
 9 � " � 


SD

2
* � � �

ED := (XD, ΣD, ξD, x0,D, Xm,D)
=

N � / � " � 
 � � � � $ 
 	 
 � 	 � " � � � � � 9 � � � � � � R � � 	 � �
� � � � ' $ 
 � T = U $ � � � � � � �

EN

� � 	 � � � � � � " � � �
� � � � � � � " $ 	 � 
 9 � " � 


SN

� � /
ED

� � 	 � � � � � � "

SD

=

x x xx0 1 2 3
a

b a

b

Σ Σ Σ Σ
D DN N−{d, a} −{b, a} −{d, b} −{a} 

E EN D
� � ' = T = � � � 
 �  �  � � � � � �  � � � � � � � 
 � �  � 
 � �

X � � � � � � � � � 2 � � � 	 
 � 	 � " � / * � 
 [ � � K � � � � � � T
A � 
 � 9 � � / � � � � � � _ � � � 	 
 � � � � � � � � * � � � � � �

" $ 	 � 
 9 � " � 

SN

� � /
SD

� " � " A � � � � * " J � � � � �
� � � � � � � � � / � � � � � � � � � � � � � � � " $ 	 � 
 9 � " � 


SN� � � " � � � � � 	 
 � � � " " 2 � � � � � � � � � 
 � � � / � � �
/ � ' 
 � / � / " $ 	 � 
 9 � " � 


SD

� � � � � � " � � / � A � $ � � � � �
' � � � 
 � � � / 	 
 � � � " " � 9 � � � " = N � � � � A � � � $ 
 � � 9 � � �

σf

� � � $ 
 
 � / 2 � � � " � � $ � � � � � � " 
 � 9 � 
 " � / � � / � � �
/ � ' 
 � / � / " $ 	 � 
 9 � " � 


SD

� � � " � � � � � 	 
 � � � " "
� � / � " � � � � � ' " � � � � � � � 
 � � � � � � � � 9 � � � " 2 * � � 
 � � "

� � � / � A � $ � � � � � � � � � � � � 
 � � A � 
 � � � � � � � � � � " $ &
	 � 
 9 � " � 


SN

� " � � � � � � � � / � � � � � � ' � � � 
 � � � /
	 
 � � � " " � 9 � � � " = ? � � 
 / � 
 � � � � 	 � � � � � � � / � � � "
" � 
 � � � ' � � � � � � � � � � � R � � A � $ � � � � � � � 2 * � � $ " �

� R � � � / � � � � � � $ � � � � � � � � � � / / � � ' � � � � � � � � �
� 	 � 
 � � � $ � � 
 " � � � � � � � � � / � � � � � � 9 � " � � � �

xi,in

=
i � � � � � � � � 9 � " � � � �

xi,in


 � 	 
 � " � � � " � � � / � A � $ � �
� � � � � � A � 
 � � � " $ 	 � 
 9 � " � 


Si

* � � � � � " � � � � � � � � �
� A � � � ' � � � 
 � � � / 	 
 � � � " " � 9 � � � " 2 l m o m � � � � � " " � � � �
� � � � � � ' � � � 
 � � � / 	 
 � � � " " � 9 � � � " � 
 � " $ 	 	 � " � /

� � � � � � / � � / � A � $ � � =
� � 
 � 	 
 � � � " � � � 2 � � � � � � � � � � � � � � / �

En

� $ " �
� � � � � " � � � �

x ∈ XN

/ � r � 
 � � � � A � � � � � � � � � 9 �
" � � � �

xN,in

� � � 
 / � 
 � � � � � � � � � � 	 
 � � � " " = u �
� � � � � � � 
 � � � / � � � � $ � � � � � � �

ED

� $ " � � �
� � � � � � � � 9 � " � � � �

xD,in

	 
 � 9 � � � � � ' � � $ " � � � � �
" � � $ � � � � � � $ " � � � � � � � 	 
 � � � " " � � � � � � � � � ' � � �

� � � ' � � � 
 � � � / 	 
 � � � " " � 9 � � � " = N � � � � � � � � � $ 
 &

 � � � � � A � � � A � � � $ 
 � � 9 � � �

σf

2
ED

� $ " � � � � �
� " � � � �

x ∈ XD

/ � r � 
 � � � � A � � � � � � � � � 9 � " � � � �

xD,in

� � � 
 / � 
 � � � � � � � � � � 	 
 � � � " " 2 * � � 
 � � "

EN

� $ " � � � � � � � � � � � 9 � " � � � �
xN,in

� � � 
 / � 
 � �

� � � � � � � � � � � � ' � � � 
 � � � / 	 
 � � � " " � 9 � � � " � � / � � �
� � � " � � $ � � � � � � $ " � � � � � � � 	 
 � � � " " = i � � � � 
 �
/ � � � $ � � 	 
 � � � � � � A � � � � � � � $ � � � � � � � � � * � � �
� � / � " � " � � � / � � � 
 � � � � � � � � � A � � � � / � x $ � � �

 � � � � � � � � " � � � � A 
 � � � � � � � � � � � 9 � " � � � �

xi,iny
i ∈ {N, D}

z = i � � " " � � � � / � � � � � / " � � 
 � � � ' " � � � �
� $ " � � � � � � 	 � � � � � � * � � � � � � � $ 
 
 � � � " � � � � � A
� � � 	 
 � � � " " � � � � " $ 
 � � ' � � � � � 	 	 
 � 	 
 � � � � � � � &
� 
 � � � " � R � 
 � � " � / =

� � 
 � � � � � A � 

i ∈ {N, D}

� � � � R � � � / � / � $ &
� � � � � �

Ei,ext

� " ' � 9 � � � " A � � � � * " y " � � � � ' $ 
 �

� z J

Ei,ext := (Xi,ext, Σi,ext, ξi,ext, x0,i,ext, Xm,i,ext)* � � 
 � J

• Xi,ext = Xi ∪ {xi,in}
2

• Σi,ext = Σi ∪ {σf , σr}
2

• xi,0,ext =

{
xi,0

� A
i = N

xi,in

� A
i = D

• ξi,ext

� " / � � � � / � " A � � � � * " J
y | z

∀x ∈ Xi

� � /
∀σ ∈ Σi

� A
ξi(x, σ)� R � " � " 2 � � � � J

ξi,ext(x, σ) := ξi(x, σ)y T z
∀x ∈ XN

y 
 � " 	 =
x ∈ XD

z A 
 � � * � � � �
� � � A � � � $ 
 � � 9 � � � � � � � � � $ 
 " y 
 � " 	 = � � �

 � 	 � � 
 � 9 � � � z

ξN,ext(x, σf ) := xN,iny 
 � " 	 =
ξD,ext(x, σr) := xD,in

z
y � z

ξN,ext(xN,in, σr)
� � /

ξD,ext(xD,in, σf )* � � � � � / � � � � / � A � � 
 =

N � � " " $ � � � � � � � � � A � � � $ 
 � � 9 � � � � � � � � � $ 
 " � �
" � � � �

x0
� A

EN

� � / � � � 
 � 	 � � 
 � 9 � � � � � � � � � $ 
 "
� � " � � � �

x2
� A

ED

2 � � � � R � � � / � / � $ � � � � � � � � "
' � 9 � � � � � � � � � ' $ 
 � �

−{    }σr σ−{    }f

x x xx0 1 2 3
a

b a

b

Σ Σ Σ Σ
D DN N−{d, a} −{b, a} −{d, b} −{a} 

Σ Σ

σf σr

?
σ σfr

?

x
N,in

xD,in

EN,ext ED,ext

� � ' = � = � � � � � � � � � � � 
 �  �  � � � � � �  � � � � � � � 
 � �  � 
 � �

i � � � � � 9 � � R � � � / � / � $ � � � � � � � � " � � � � � 	 � � � � =
i 
 � � " � � � � � A $ � � � � � �

ξi,ext(xD,in, σf )
� � /

ξN,ext(xN,in, σr)

 � � � � � " � � � � / � � � � / =

i � " � � 9 � � � � " 	 
 � � � � � l m o m � � � / � � � 
 � � � � � � � �
� A � � � 
 � � � � � � � � " � � � � A 
 � � � � � � � � � � � 9 � " � � � �
* � � � � � � � � � 9 � � � � / � " � 
 � / � � � ' $ � ' � 2 * � � / � 	 �

� � � A � � � � * � � ' � � � � � � � � " � � / / � � � � � � � � " J
� � �

K
� � � � � / � " � 
 � / � � � ' $ � ' � 2 " $ � � � � � �

K ⊆
L(G)

� � /
K �= ∅

=

K1 = {s1 ∈ K | s1σf ∈ K}
� � � � $ " � � � " � � � A

� � � � 
 � � � " � � � � � ' � � ' � �
K

� � / � � / � � � A � � � $ 
 �
� 9 � � �

σf

=



K2 = {s2 | s1σfs2 ∈ K}
� � � � � � � �  � � � � � � � � �

� � � � � � �  � � � � � � � " $ � % �  � � � � � � � � � � � � � � � � �
K1� � � � � � � � � � � � � $ � � � � � � % � 2 � % �

K
3

K3 = {s3 | s3σr ∈ K}
$ � �  � � 2 6 � � � � � �  �

� � � � � � 6 � � � � % $ � % � �
K

� � � � � � 6 < � � � > � $ � � @ � � �

σr

3

K4 = {s4 | s3σrs4 ∈ K}
� � � � � � � �  � � � � � � � � �

� � � � � � �  � � � � � � � " $ � % �  � � � � � � � � � � � � � � � � �
K3� � � � �  $ � @ � �  � � � � $ � � � � � � % 2 � % �

K
3

� G � H I K I N H O
� � �

�
� �

xi ∈ XN

� � �
�

� � � 	 � � � 	
� � �

� � � � � � � � �

�
� �

�
� �

xj ∈ XD

� �
�

� � 	 � � � � � 
� � �

∀s ∈ K1
� � � � � �

�
�
ξN (xi, s)

� � � � � �

⇒ ∀s′ ∈ K2
�
ξD(xj , s

′)!� � �
∀s ∈ K3

� � � � � �
�

�
ξD(xj , s)

� � � � � �

⇒ ∀s′ ∈ K4
�
ξD(xi, s

′)! �

P � � 2 $ � $ @ � � < S � � T > � � $ 6 $ � $ � < T � � � � �  � � S $ � � � �
� � � @ � �

EN

Y � � � > 3
ED

[ � � � T � � � � � �
xi

Y � � � > 3

xj

[ S " � T 2 � � � � � � T � � % �  � � � � � � � a � > � � �
XD� � � � � �

xj

Y � � � > 3
xi

[ � � �  � � 2 � � T � � � �
EDY � � � > 3

EN

[ "  $ �  � � � � " � � � � �  $ � @ � �  � � � � $ � � �
� � � % 2 � % � 3
e � � � �  � @ $ � % � � � � � � � �  � � � T > � � $ 6 $ � $ � < � � � a
� � > � 6 � � " � � � � " � � � � � � �

xi ∈ XN

� � �
xj ∈ XD

S
" � � � " " $ � � 6 2 $ � � � � � T > � � $ 6 � $ � < T � � � $ l 3 n  $ �
T � � � $ l � � o � � $ � � � � � � � 2 � � � � � < �  � � � � � � � � � � T
"  $ �  �  � � � $ � 2 � � � � � � > � $ � � @ � � � � � � 2 � � 3 p � �

M� � 2 �  T � � � $ l q

M =




m11 m12 · · · m1n

m21 m22 · · · m2n333
333

3 3 3
333

mn1 mn2 · · · mnn




" $ � 

mij =

{
1

$ �
xi

� � �
xj

� � � � � T > � � $ 6 � �

0
� �  � � " $ � �

p � � 2 � � � � � � � �  � � "  � � � � � $ � 2 � � � � � � > � $ � � @ � � �
� � � 2 � � � � � � � T � � � � � �

xi ∈ Xi

S " � T 2 � � � � a
� � � T $ � � � � � � � � � � < � � � T > � � $ 6 � � � � � � �

xj

"  $ � 
" $ � � 6 � � � � �  � 6 � � � � � T �  � $ � � � � $ @ � � � � � �

xi,in

S
� 2 �  �  � � "  � �  � � � � � � � � � � � �  � > � � � � � � � � � T

�  $ � � � � � � Y
xj

[ S �  � � � � $ � � � � � � % 2 � % � " $ � � 6 �
� �  $ � @ � � 3
w � " � @ � � S � � �  � 2 � � T � � � �  � � � � � < � $ � � � � � 6 a
� � � @ � � $ � � � Y � � � " � � � � � % $ @ � � $ � � � � T � � $ � � � � � T

�  � � �  � � � 2 � � T � � � [ S �  � � �  � < " � 2 � � � � � 6 �
� 6 � � � � � � � � � T $ � � � � � � � � � � < �  � � � � �  � 6 � � � � � � �

� � � T
xi,in

3 n  � $ � � � �  � � $ � � � � � � � " �  � � 2 a
� � T � � � � � � � � T T 2 � $ � � � � " $ �  � � �  � �  � � � �
�  � �  � � > � �  � � �  � � � � � � � � T � � % �  � � � � � �

� � � � � � � � � 2 � � T � � � �
Ei

S �  � � � � �  � 6 � � � � � � �
� � � T

xi,in

" $ �  � � � � " � � � �  $ � @ � �  � � � � $ � � �
� � � � % 2 � % � 3

z � $ �
ED

Y � � � > 3
EN

[ � � � � $ @ � � $ � � � � T � � $ � � � � �  �
� � � � � � �

EN

Y � � � > 3
ED

[ � � � T "  $ �  �  � � � $ � 2 � �
� @ � � � � � � 2 � � � � Y � � � > 3 � � > � $ � � @ � � � [ S $ � � � � $ � < � �
� � � � � T $ � � 6 < 6 � � $ � % � � �  � > � � � � � $ � % � � � � $ � $ � �

� � � � T > � � $ 6 $ � $ � < S �  � � � � | 2 � � � � � � �  � 6 � � � � � � �
� � � T �  � $ � � � � $ @ � � � � � �

xD,in

Y � � � > 3
xN,in

[ 3
P � � � � � � � � � � � 2 � $ � % �  � � � T T 2 � � � $ � � 6 � a
� " � � � T � � � � S " � 2 � � � " � $ � � � � T � � $ � � �  � � � � � �

Y � � T � > > $ � % [ � � 6 � � � � �
commuN,D

Y $ � � � � T � � $ � �
� � � � 2 > 6 <

EN

� �
ED

[ � � �
communD, N

Y $ � a
� � � T � � $ � � � � � � 2 > 6 <

ED

� �
EN

[ 3 n  � �  � � a
� � � � $ � � � � T � � $ � � � � � $ � � � � > � � � � � � � � � � � < $ � %
$ � � � � T � � $ � � � � �  � � � � � � � 2 � � T � � � � � � � T "  $ � 
�  � � � $ � 2 � � � � � � > � $ � � @ � � � � � � 2 � � 3 � 2 � � � � � �

� � � � � T $ � � � � � T � � � < �  � $ � � � � T � � $ � � �  � � � � � � S
" � � � a � l � � � � � � � � �  � 2 � � T � � � � 6 < � � � $ � % $ �
� � �  � � � � � � � � � � S "  � � � �  � � � $ � 2 � � � � � � > � $ �
� @ � � � � � � � � � 2 � S $ � � � � T > � � $ 6 � � � � � � � 3 z � �  � � l a

� � � � � � � 2 � � T � � � � $ � % $ @ � � � � � � � � � " � q
Ei,ext :=

(Xi,ext, Σi,ext, ξi,ext, x0,i,ext, Xm,i,ext)
"  � � �

Σi,ext

S
ξi,ext

S
x0,i,ext

� � �
Xm,i,ext

 � @ � �  � � � T �
� 6 � @ � � � � � $ � $ � � S �  � � � � < � $ � � � � � � �  � � � $ �

�  � � l � � � � � � � � � � � � > � � �
Xi,ext

3 P � � � � � � � � 
� � � �

xi ∈ XN

Y � � � > 3
xj ∈ XD

[ " $ � � 6 � � � a
� � � $ � � � � " $ �  � � � T > � � $ 6 � � � � � � �

xj ∈ XjY � � � > 3
xi ∈ XN

[ S � 2 �  �  � �
mij = 1

3 n  � �
�  � � l � � � � � � � � � � � � a � > � � � � � � 6 � " � $ � � � � � �
� � � � � " � q

Xi,ext = {(xi, xj) | mij = 1} ∪ {xi,in}
S

� � � � � | 2 � � � < �  � % � � 6 � � � � � � �
x ∈ Xi,ext

 � � �  �
� � � T

(xi, xj)
� �

xi,in

S "  � � �
xj

$ � � � � T > � � $ 6 � �
� � � � � � �

xi

3 P � �  � � $ % 2 � � � S " � � � � 2 T � �  � � �  �
� � T > � � $ 6 � � � � � � � � �

x0
$ �

x3
� � � �  � � � T > � � $ 6 � �

� � � � � � �
x1

$ �
x2

Y 6 < 6 � � $ � % � � �  � � � � � $ � $ � � � �
� � T > � � $ 6 $ � $ � < [ 3

a

b a

b

Σ Σ Σ Σ
D DN N−{d, a} −{b, a} −{d, b} −{a} 

Σ Σ

σf σr

?
σ σfr

?

x
N,in

xD,in

EN,ext ED,extσ σ−{    }f−{    }r

0 x   ,x  3 1x   ,x  x   ,x   x   ,x  02 12 3

� $ % 3 � 3 	 �  � � � � � � � � � � � � � � � �

� � � T � � � < �  � $ � � � � T � � $ � � �  � � � � � � $ � % $ @ � � � �
� � � � � " � q

� G � H I K I N H �

commuN,D : XN,ext × σf −→ Labelled(σf)� � � � � �
�

�
∀(xi, xj) ∈ XN,ext

((xi, xj), σf ) �→ σfj

� G � H I K I N H �



commuD,N : XD,ext × σr −→ Labelled(σr)� � � � � �
�

�
∀(xi, xj) ∈ XD,ext

((xi, xj), σr) �→ σrj

� � � � 	 �  � � � �  � � � � � � � �  � � � � � � � � � � � $ � � ' �
� � � � � � * + � � � � � � 0 � � � � 2 �  � � ' ' + � � � 	 �  	 � 
� � � ' � � 0 � � � ; � * � � < 	 � �  � � � �  > � � � �  � � � � � � � � 

' � �   � * 0 � � 2 � 	 � � � ' � � � � � 0 �  	 �  C � � � * + � � � �
� � 0 � � � � 2 �  � $ � � ' � � * * � $ � � 	 � � � � � �  � ' � � � � ' � * <

� � � � � � ' � � ; * � � � � � � � � � � � � � �  � ' � � 2 � � � � � �

xi,in

� � � � $ � ' � $ � � � J � � � � ' � � � � ' � ' �  � � � *
	 � ' � � � �  � L � �  � * * < � � � ' � � 0 * � � � � + � � � � � � � �

C � 2 �  � � � � * * � $ � R � � � � � C + � � � S T

• Xi,ext = {(xi, xj) | xi ∈ Xi

$ � � �
xj ∈

XD

�  	
mij = 1} ∪ {xi,in}

>

• Σi,ext = Σi ∪ {σf , σr}
>

• xi,0,ext =

{
xi,0

� �
i = N

xi,in

� �
i = D

• ξi,ext

� � 	 � �  � 	 ; < T
R W S

∀x ∈ Xi

�  	
∀σ ∈ Σi

� �
ξi(x, σ)� X � � � � > � � �  T

ξi,ext(x, σ) := ξi(x, σ)R Z S
∀x ∈ XN

R � � � 0 L
x ∈ XD

S � � � � $ � � ' �
� � � � � � * + � � � 2 �  � ' �  � ' ' + � � R � � � 0 L � � �
� � 0 � � � � 2 �  � S

ξN,ext(x, σf ) := xN,inR � � � 0 L
ξD,ext(x, σr) := xD,in

S
R � S

ξN,ext(xN,in, σr) = xi

� �

commuD,N((xj , xi), σr) = σri

�  	

ξD,ext(xD,in, σf ) = xj

� �

commuN,D((xi, xj), σf ) = σfi

L

σr−{      }1 σ−{      }f4

a

b a

b

Σ Σ Σ Σ
D DN N−{d, a} −{b, a} −{d, b} −{a} 

Σ Σ

σf σr
σ σfr

x
N,in

xD,in

EN,ext ED,ext

4 41
1

0 x   ,x  x   ,x  x   ,x  1  x   ,x  03 1 2 2 3

� � C L � L � � 	 � �  �  � �  � � � � � � � � � � 	 � �  � �

� L ` a c ` d e f g a c

h  � 0 0 � � � ' � ; � � � 	 �  	 � ' �  � � � * � j � 	 � + 0 � � 2 � k
� � � < ' �  � � � * � � � ; � �  0 � � 0 � � � 	 �  � � � 0 � � � �  �

0 � 0 � � L n � � � 2 � 0 � � � �  � � 	 � � � � � � $ � � J � � � 	 � k
� � C  �  C � $ �  �  ' �  s � ' � �  C � + 0 � � 2 � � � � � � � � � < � k

� � � � $ � � � � 	 <  � � � ' � ' � �  C � � � � � � < � 2 � * 2 � � 
� $ � � 0 � � � � �  C � � 	 � � T  � � �  � * �  	 	 � C � � 	 � 	
� � 	 � L f + ' � � < � � � � � � � � � � � + ; ' * � � � � � � � � ' � � 2 �
� < � � � � � L h  � � + � � * ' �  � � � * � � � � � � C < � � � � 2 � � 	

� � � ' �  s � ' � 0 � � ; * � � ; � � $ � �  � � � � � � � � * � ' � *
� + 0 � � 2 � � � � � �  � � � 	 � ' �  � � � * � j � 	 � � ' � � � � ' � + � � � � T

�  � � � * * < u v x �  � � �  � � �  � * � � 	 � > �  � � 0 0 � 0 � � k
� � � 	 � + 0 � � 2 � � � � $ � � � ' � � �  � � � 0 � � ' � � � ; + �

� � � � � � � � R � � � � + 0 � � 2 � � � � $ � � ' � � � � + � � � � � 	 � k
C � � 	 � 	 � � 	 � S �  � ; * � � ; < 	 � � � + * � � * * C �  � � � � � 	
0 � � ' � � � � 2 �  � � L n � �  � � � � * + � � � 2 �  �

σf

� ' k
' + � � � 	 u v x v �  � � � 	 � C � � 	 � 	 � � 	 � > � � � � � � + � � � � 
� � � � 2 � � � � 	 � � � 	 � C � � 	 � 	 � + 0 � � 2 � � � �

SD

� ' � �
�  � � � 0 � � ' � � � ; < 	 � � � ; * �  C � � � � ' �  � � � * * � ; * �
� 2 �  � � > $ � � � � � � � � � 	 � � � + * � � ' � � �  ' �  � � � * � � �
� � �  � � �  � * � + 0 � � 2 � � � �

SN

� � � � �  ; � * � � * * � � �
C �  � � � � � 	 0 � � ' � � � � 2 �  � � L n � � * � � � � 0 * � � �  � � 	
� � � � ' �  � � � * � � � � � � C < ; < � � � � + � � � � � �  �  	 $ �
� � 2 � 0 � � 0 � � � 	 � 0 � � ' � 	 + � � $ � � ' � � � � + � � � � �
' � � � + � � � � �  � � 	 � � L } � � 0 � � 0 � � � 	 0 � � ' � 	 + � �
� * * � $ � > $ � �  � ' � � � + � � � � �  � � 	 � � � � � 0 0 �  >

� � 	 � � � � � �  � � � � � � � � � �  C � � � � � � � � � � � � + � � � � k
� �  � � � � � ' � � � 2 � � � � 	 � � � � � 	 * �  C + � C � L

� � � � � � c ` � f

` L � L ` � � � �  	 � � � �  	 f L d � � � � � +  � L � � � � � �
� � � � u � � � � � u � � � x � x � � x � � � � � � x � � L � * + $ � �

h ' � 	 � � � ' � + ; * � � � � � � > W � � � L
a L � � � � ' � L � � � � � � � x � � � � u � � � � � � x � � � � � x �

� � � � � � x � � 
 � 
 � x � x � � � � u � � � x � � � � � � � u � � � u � �
� � � � x � � u � � � x � � � � x � � x � � � � � u � � � x � x � � L

� � � � � � � � � > g  � � � � + � c � � � �  � * 	 � � f ' � �  ' � �
h 0 0 * � � + � � � 	 � d < �  R g c f h S > Z     � L

f L d � � � � � +  � > � L � � � * � ¡ > �  	 } L f ¢ � � L � x �
� x � � � � � � � � x � � � � � x £ � � � � � � � � 	 � � � u � � � � �

� ¤ � x � � x � u � � � x � x � � x � � � � � � x � � > ' � � 0 � � �
f < � 0 � � � + � �  � � � f + 0 � � 2 � � � � < ` �  � � � * � �
� � � ' � � � � � 2 �  � f < � � � � � R f ` a � � f S L � * + $ � �
h ' � 	 � � � ' � + ; * � � � � � � > Z     W L

� L d �  �  	 n L � L n �  � � � L � � ' �  � � � * � j � 	
� + 0 � � 2 � � � � < ' �  � � � * � � 	 � � ' � � � � � 2 �  � � < � � � � � L
� � � � � � � � u � � � � u x � � x � > Z � T W Z   Z � W Z   ¥ > W � ¥ ¥ L

� L � + 	 � � �  	 n L � L n �  � � � L } � �  J C * � ; k
� * * < > � ' � * � ' � * * < T � � ' �  � � � * � j � 	 � + 0 � � 2 � � � � <
' �  � � � * L � � � � � � � � � � � � u � � � � � � � � � � � � u �

� � � � � � � > � � T W � � Z � W �   ¥ > W � � Z L
f L ¢ � � �  	 f L d � � � � � +  � L � � ' �  � � � * � j � 	 � + k

0 � � 2 � � � � < ' �  � � � * T �  � $ � � ' � � � � ' � + � � $ � � � �
	 <  � � � ' 	 � ' � � � �  � + � � �  � + * � L g  ¦ � � u � � x � � � �

� u � � � � � � � § � � � � � � � u � � � x � x � � x � � � � � � x � �
¨ � � � � � © > 0 � C � � W W � W � > f � � � C � � � � > � 0 � �  >

a ' � � ; � � Z     Z L


