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

��� ���� �� � � �

� �� � �� � ��� � �! " "#



�� ��� � �

✘ �� � �	 � � �� �
✘ 
 � �� � � �� � � ��  � � �� �� � � � � �� �� � �� �

✘ � � �� �� � � � � � �� � �

✘ � � �� �� � � � � � �� � � � � � � � � � � �� � 	 �� �  � � � � �� �� � �� �

✘ � � �� �� � � � � � �� � � � ��� � �� � �� �� �� � � � 	 �� ��  � � � � �� �� � �� �

✘ �� � � � � �� � � � 	 �� � � �� � �� �

✘ � � � � �� � ��� � �� � ��� � � � � �� ��� � � �� � �

�



� � �� � � �� � �

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

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

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

�



� � �� � � �� � �

� �� � � � � �� � � � �

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

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

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

� � � �� � ���
� �� �� � � � �� �

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

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

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

�



� � � � � �� �

✔ �� � �	 � � �� �
✘ 
 � �� � � �� � � ��  � � �� �� � � � � �� �� � �� �

✘ � � �� �� � � � � � �� � �
✘ � � �� �� � � � � � �� � � � � � � � � � � �� � 	 �� �  � � � � �� �� � �� �

✘ � � �� �� � � � � � �� � � � � � � � �� �� � � � 	 �� ��  � � � � � � �� � �� �

✘ �� � � � � �� � � � 	 �� � � �� � �� �

✘ � � � � �� � ��� � �� � ��� � � � � �� ��� � � �� � �

�



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

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

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

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

�



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

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

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

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

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

�



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

� � � �� �� � � � �� � � �� ��

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

�
� 
� � �� � � �� �

� �� � � � 
� � � � � �� �� �

� � ��� � � �

�



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

Observation frame

I/O relation

State/Transition Network

�



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

Observation frame

I/O relation

State/Transition Network

�



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

S/T

S/T

S/T

� �



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

I/O

I/O

I/O

� �



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

I/O

S/T

Net

� �



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

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

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

� �� � � �� �� � �

� � �� � 	 �� �� � �

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

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

� �� � � � � �� � � � �� � � � � ��

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

� �



� � � � � �� �

✔ �� � �	 � � �� �
✔ 
 � �� � � �� � ���  � � �� �� � � � � �� �� � �� �

✘ � � �� �� � � � � � �� � �
✘ � � �� �� � � � � � �� � � � � � � � � � � �� � 	 �� �  � � � � �� �� � �� �

✘ � � �� �� � � � � � �� � � � � � � � �� �� � � � 	 �� ��  � � � � � � �� � �� �

✘ �� � � � � �� � � � 	 �� � � �� � �� �

✘ � � � � �� � ��� � �� � ��� � � � � �� ��� � � �� � �

� �



� � � � �� � � � � � � � � �

� �� � � � � ��� �� � � �

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

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

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

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

� �� � �

� � �� � � � � �� �� �� � � � �� �� �

� �



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

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

� � � � �� �� �� � � � �

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

� � � � � �� � �� � � �

� �



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

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

� � � � �	 � � �� � � �� �� � � � �

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

� � � � �	 � � �� � �� � �� � � �

� �



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

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

� �� � �� � �� � �� �� �� � � � �

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

� �� � �� � �� � � �� � �� � � �

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

� � � �� �� �� � � � �� �� � � � � �

� � � � �� � �� � � �� �� � �� � �� �

� � � � �� � �� � � ��

� �



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

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

� � � � � � 
� � �� � � �� �

� �� � � � �� � �� �

� � � � � �� �� �

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

� �



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

� �� � � � � 
� � � 	 ��

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

� � � � � � � �� �

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

� �



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

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

� � �� � � �� �  �� � � ��

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

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

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


� �� �� � �� � � � � � � �� � � � �

� �



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

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

� � �� � 	 ��

� ��
 ���

� � ��

� ��
 ��

� � �

� ��� � �� ��� �

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

� � � � ��� �

� �



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

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

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

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

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

� � � � � � � � ��� �

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

� �



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

1P

3P

2P

4P

a

b c

Machine P

Q
1

2Q Q3

4Q Q5

cb

a a

Machine Q

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

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

� �



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

1P

3P

2P

4P

a

b c

Machine P

Q
1

7Q5
Q

2Q

6Q 3Q
4Q

8Q

Machine Q

a a
a

b b c c

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

� �



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

� �� � � � � �� � � � �� � 	 ��

� � � � �� �� � �� � �� � � � �

�
� � � � � � �� � � � � � � � �� �

� �



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

I/O

S/T

Net

� �



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

I/O

S/T

Net

� �



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

I/O

S/T

Net

Net

� �



� � � � � �� �

✔ �� � �	 � � �� �
✔ 
 � �� � � �� � ���  � � �� �� � � � � �� �� � �� �

✔ � � �� �� � � � � � �� � �
✔ � � � � �� � � � � � �� � � � � � � � � � � �� � 	 �� �  � � � � �� �� � �� �

✘ � � �� �� � � � � � �� � � � � � � � �� �� � � � 	 �� ��  � � � � � � �� � �� �

✘ �� � � � � �� � � � 	 �� � � �� � �� �

✘ � � � � �� � ��� � �� � ��� � � � � �� ��� � � �� � �

� �



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

� �� � � �� �� � �

� � �� � 	 �� �� � �

� � �	 � �

� �



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

� �� � � �� �� � �

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

� � �� � � �� � �� � � � ��

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

� �� �� �� � � � � � � ��� �� � �

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

� �



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

� � �� � 	 �� �� � �

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

� �� �� �� � � � � � � ��� �� � � �

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

�

� � �
�

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

� �



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

IOR

S

abs

� � � � � �� � �� � � �

� �



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

IOR

S

abs

S’ S’’

impl

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

� �



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

IOR

S

abs

S’

impl

IOR’
� � � � ��� �  � � � ��� � � �  � � �� � � � �  � � � �

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

� �



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

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

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

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

� �



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

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

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

� �� � �� � � �� � � �� � � �� � � ��

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

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

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

� � �  � � � � � �� � � � � � � � � �

� � � �� �� � � � � �� � �� � �� � �

� �



� � � � � �� �

✔ �� � �	 � � �� �
✔ 
 � �� � � �� � ���  � � �� �� � � � � �� �� � �� �

✔ � � �� �� � � � � � �� � �
✔ � � � � �� � � � � � �� � � � � � � � � � � �� � 	 �� �  � � � � �� �� � �� �

✔ � � � � �� � � � � � �� � � � � � �� �� �� � � � 	 �� ��  � � � � �� �� � �� �

✘ �� � � � � �� � � � 	 �� � � �� � �� �

✘ � � � � �� � ��� � �� � ��� � � � � �� ��� � � �� � �

� �



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

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

� � �� � �� � � �� �

� � � � � �� � � � � �� �

� �� � � � � �� � � � � � �� �

�
� �� �� � �

� �



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

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

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

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

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

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

� � � ��� �� � ��� � � ��

� �� ��

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

� � �

� �



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

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

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

��� � �� � � � �� �� �

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

� �



� � � � � �� �

✔ �� � �	 � � �� �
✔ 
 � �� � � �� � ���  � � �� �� � � � � �� �� � �� �

✔ � � �� �� � � � � � �� � �
✔ � � � � �� � � � � � �� � � � � � � � � � � �� � 	 �� �  � � � � �� �� � �� �

✔ � � � � �� � � � � � �� � � � � � �� �� �� � � � 	 �� ��  � � � � �� �� � �� �

✔ �� � � � � �� � � � 	 �� �� �� � �� �

✘ � � � � �� � ��� � �� � ��� � � � � �� ��� � � �� � �

� �



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

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

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

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

� �



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

� � 	 � � �� �� �

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

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

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

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

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

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

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

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

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

� �



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

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

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

� � �� �

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



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

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

� �



� � � � � �� �

✔ �� � �	 � � �� �
✔ 
 � �� � � �� � ���  � � �� �� � � � � �� �� � �� �

✔ � � �� �� � � � � � �� � �
✔ � � � � �� � � � � � �� � � � � � � � � � � �� � 	 �� �  � � � � �� �� � �� �

✔ � � � � �� � � � � � �� � � � � � �� �� �� � � � 	 �� ��  � � � � �� �� � �� �

✔ �� � � � � �� � � � 	 �� �� �� � �� �

✔ � � � � �� � ��� � �� � ��� � � � � �� ��� � � �� � �

� �



� � � � � �
�

� �


