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� � � � �&�� 	 �� � 
 �� 	 � �	 � � � � � 	 � �� �� �	 4 � �+	 � � �� 	 � � � 	 � . � ��� ��	 �� � � � ���� � � 	 � � � 	 �� � � � 	 �� � 
 �� 	 �� � �	 � � � � 	 �� � � � �� � �#	 	 , � � � � 	 �� 	 � 	
� � � � 
 ���	� � ��2�� � � � ���� � 	� � � 	�� � � � 	�� � 
 �� 	�� � �	� � � 	� � �	� . � ��� ���� 	� � � � �� � #		, � � 	� 
 &� 
 � � ��� � 	� 
 �� 	� � � � 	� � � ��� � 	$#; 	� � � � � 	
�� � �	��	�� 	�� � � � �� � �	� � �	�� 	� � � � 	�� � � � 	� � 
 � �� 
 � 	�� � � � ���� � � 	�� 	� � �� �	&� � � 
 � � 	�� � � 	� � 
 �� 	� � � � �&�� 	� 
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 � � 	� � � � �� " �
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�� � � � ���� � � #		

	
	

6� � � � � � � �

{  c l i ( )  }  

{  s t i ( )  }  

$end_of _pat h$ 

sm i nt er r upt  {  
  decl  any_expr  f l ags;  
 
  enabl ed:  
   {  c l i ( )  } ==> di sabl ed;  
 
  di sabl ed:  
   {  s t i ( )  } ==> enabl ed 
   |  {  r est or e_f l ags( f l ags)  ==>  
      enabl ed 
   |  $end_of _pat h ==> er r or ( “ Di d “  
      “ not  enabl e i nt er r upt s! ” ) ;  
}  
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5'3'� ! � � � � �4 � � � �� � �� � � 	 � �� � 
�1� ��	 � �
C � ��� 	 �� � 	 � � � � �� " 	 &� �' � � � 	 � 	 6 - 	 � � � � � � � � � � 	 � � � 	 � 	 � � �� �	 � �� �� 	 � � � � �� � 	 �� 	 � �� � �" � ��� � ' � � � �	 ��	 �� 	 �� � � 	 �� � � 	
� � ��� � � � �� � � #	 	1�	 �� 	 � � � � �&�� 	 �� 	 � � � � 	 
 � � � � � � � &�� 	 � �� �� � 	 � � � 	 
 � �� �" " � � � &�� 	 �� � � � ���� � � #	 	 , � � 	 
 � � � � � � � &�� 	 � �� �� 	 � � � � 	 �� 	
� � � � � � �� � �� � 	 �� 	 9�" 
 � � 	 � #	 	9
 � �� � � � � � � �	 � 
 ���� �� 	 � � � � � � � � � � � 	 � � � 	 � � � 	 �� 	 � � � � � ��� � ��� 	 �� � � ��� � �	 � �� �� 	 � � � � �� � � #		
9�" 
 � � 	 7	 � � � ' � 	 � � 	 � . � � � �� 	 � � 	 �' � 	 � 
 � � 	 � � � � � � � � � � � #	 	 , � � � � 	 � � ��� � � �� 	 � � 	 �� � 	 4 � �+	 � � � � � � � � �� ��� � 	 � � � 
 ��	 �� 	
�� � � � �� �� � � � 	�� 	�� � 	� � � �
 � ��� � 	� 
 � � ��� � #		� � � � � � � � � � � 	� �� �� � 	� � � 	�� � � � ���� � � 	� �� ' 	� � ' � 	� 
 #		1� 	� � � ���� � �	4 � �+	' ���	&� 	
�� � � � � 	�� 	� � 2� � � �
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, � 	� � � �� 	�� � � � 	�' � 	� � � &�� � � �	4 � �+	
 � � � 	� �� �� 	� � � � �� � 	� � � � � �� � ��/ � ��� � 	 � � 
 %#		� �� ��� � 	�� 	�� � 	� � � � � �� � ��/ � ��� � 	

�� � � � �� 
 � � 	 
 � � � 	 �� 	 �� � 	 � � � � �	 � � � � +�� " 	 � � � � 
 � ��� 	  � 
 � 
 � � �� �	 � �	 � �#	 $� � $/�	 � � 
 	 � � � � � � �� 	 � �� �� 	 � � � � �� � � 	 �� 	 � 	
� � � � � � 	 � � � � � �	 �� � �	 �� � � ' � 	 � ' � � 	 � 
 � � � � �
 � 
 � 	 � �� �� � 	 � � � 	 �� � � � ���� � � #	 	 � �� � � 	 �� � 	 � �� �� 	 � � � � � 	 � � � 	 �� � � �� � � � �	 �� 	 �� � 	
� 
 � � ��� � � ���� 	 � � 	 �� � 	 � �� �� 	 � � � � �� � �	 � � 
 	 � � +� � 	 � ��	 � �� �� 	 � � � � �� � � 	 � �� � �	 �� 	 � �� �� 	 ; 	 � � � 	 � � � � 	 � � � � �� �� " 	 ��+� 	 � 	
�� � � �� " �� � �	� � � �	 
 � � � � � �	<� �� � � � � � �	5 �� � � �	; � � � %�� � 	�� � �	�� � 	�� � � � ���� � � 	� � 	� � � � � ��� � ��� 	�� � � ��� � �	� �� �� 	� � � � �� � � 	' ���	

Chr omosome:  2  3 2 2  2 0 1  1 1 3 

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

� � � ��� � ��� � 	� �� �� 	D� ��� � � 	4 
 � &� � 	

sm exampl e {  
 

  s t at e2:  
   {  c l i ( )  }  ==> st at e1;  

 
  s t at e1:  
   {  s t i ( )  }  ==> st at e3;  
 
  s t at e3:  
   $end_of _pat h$ ==> st at e2;  
}  

� �
 � � � � 7� � � � � � � � � � 
� � � � � � �� 
 � &� � � � � � � � � � � � 	 � 	 � 	 � � � � � � � � � 4 � � � 
� � � � � � � � � � � �� � '� � " � � �
� � � 	 � 	 � 	 � � +� �� � � � � � � � � � � �� �	 � � �.� � � � � � �� � � � 	 � � � � � � � � � � )�� � � � � � � �� � � &� � )�� � � �� � � � �� � � �	 � �� � � � � /�
� � � �� � � � � 
�� � � �� � � �� � � �� 
� 	 �&� � 	 � � � ��� �� � � �� � � � � �� � � � �� � �	 � �� � � �� �
 � � '�

sm exampl e {  
  s t at e2:  
   {  c l i ( )  }  ==> st at e1;  
 
  s t at e1:  
   {  s t i ( )  }  ==> st at e2;  
 
  s t at e4:  
   {  c l i ( )  }  ==> st at e2;  
}  

Chr omosome:  
2 112 201 402 

� �
 � � � � 8� � � � � � � 	 � 	 � 	 � � � � �� � � � � � � � � � � � � � &
� � � � � � � '� � � � � � � 7� �� �
� � � � � � � � &
� �&� � � � � � �� � � � � �� � � �� 	 �� � � � � � � 	 � �� � � �� � � � � �� � � � � �.� � � � � 3/�� 	 ��� '�

sm exampl e1 {  
  s t at e1:  
   {  c l i ( )  }  ==> st at e2;  
 
  s t at e2:  
   {  s t i ( )  }  ==> st at e1;  
 
  s t at e3:  
   {  c l i ( )  }  ==> st at e1;  
}  

sm exampl e2 {  
  s t at e2:  
   {  c l i ( )  }  ==> st at e1;  
 
  s t at e1:  
   {  s t i ( )  }  ==> st at e2;  
}  
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� � � � � � 	 �� 	 �� � 	 � � � � 	 � � � � �#	 	 9�" 
 � � 	 8	 " �� � � 	 �� � 	 � � � � � �� � ��/ � � 	 � � � � � � � � �� ��� � 	 � � 	 �� � 	 �' � 	 � � � � � ��� � ��� 	 �� � � ��� � �	 � �� �� 	
� � � � �� � � 	� � 	9�" 
 � � 	7#	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
, � � 	 � �" � � ��� � 	 � � � 	 � � 
 	" �� � � 	�� 	9�" 
 � � 	E	� � � 
 � � � 	�� � 	� � � � � � � � �� ��� � 	" �� � � 	�� 	� � � ��� � 	� #; 	� � � 	�� � 	� 
 &� 
 � � ��� � 	

� 
 �� 	 � � 	 � � � ��� � 	$#; #	 	 , � � 	 � 
 � � ��� � 	Canoni cal i ze	 �� +� � 	 �� 	 �� � 	 � �� � ��� " 	 � �� �� 	 � � � 	 �� � 	 � � � �� � 	 � � 	 �� � � � ���� � � 	 � � � 	 �� � 	
� �� �� 	� � � � �� � 	� � � 	� � �
 � � � 	�� � 	� � � �� � 	� � 	�� � � � ���� � � 	� � � 	�� � 	� � � � � �� � ��/ � � 	� �� �� 	� � � � �� � #			

<�� � � 	 7	 F	 E	 � � 	 � 	 � �� &�� 	 &
 � +� �	 � � � �	 � � 	 �� � 	 �� � � � �� " 	 �� � � � ���� � � #	 	 , � �� 	 � �� � 	 � ��� ' � 	 � � � � 	 �� � +
 � 	 � � 	 �� � 	 � � �	 � � 	
�� � � � ���� � � 	�� � �	� � � � 	� � � � 	� 	" �� � � 	� �� �� #		1�	�� 	� � � � � � � � � 	�� 	� � 	� 	� �� &�� 	� � � �	&� � � 
 � � 	� � 	� � �� �)� 	� 
 &� 
 � � ��� � 	� 
 �� #		, � � 	
� �" � � ��� � 	�� � � 	� � � � � � � 	�� � 	� � �	� � 	�� � � � ���� � � 	�� � �	� �� � 	� � � � 	�� � 	� �� � �	� �� �� 	 ��� � 	; $%#		� �� � � 	�� � 	� �� � �	� �� �� 	� � � 	� � �	&� 	

1 Vect or  Canoni cal i ze( i nt  s t ar t St at e,  Vect or  t r ansi t i ons)  {  
2   Vect or  bucket s[ NUM_STATES] ;  
3   Vect or  r esul t ;  
4  
5   / *  Do a st abl e bucket  sor t  of  t r ansi t i ons * /  
6   f or each Tr ansi t i on t  i n t r ansi t i ons {  
7     bucket s[ t . sour ce] . append( t ) ;  
8   }  
9 
10  i nt  next St at e = 1;  
11  i nt  t r ansl at i ons[ NUM_STATES] ;   / *  Zer o i ni t i al i zed * /  
12  ChangeSour ceAndAppend( bucket s[ st ar t St at e] ,  r esul t ,  next St at e) ;  
13  t r ansl at i ons[ st ar t St at e]  = next St at e;  
14  next St at e++;  
15  f or  ( i nt  i  = 0;  i  < r esul t . l engt h;  i ++)  {  
16    Tr ansi t i on t  = r esul t . get ( i ) ;  
17    i nt  ol dDest  = t . dest ;  
18    i f  ( ol dDest  ! = ERROR_STATE)  {  / *  Don’ t  t r ansl at e t he er r or  st at e * /  
19      i f  ( t r ansl at i ons[ ol dDest ]  == 0)  {  
20        ChangeSour ceAndAppend( bucket s[ ol dDest ] ,  r esul t ,  
21                              next St at e) ;  
22        t r ansl at i ons[ ol dDest ]  = next St at e;  
23        next St at e++;  
24      }  
25      t . dest  = t r ansl at i ons[ ol dDest ] ;   
26    }  
27  }  
28  r et ur n r esul t ;  
29}  
30 
31voi d ChangeSour ceAndAppend( Vect or  t oChange,   
32                           Vect or  canoni cal ,  i nt  s t at e)  {  
33  f or each Tr ansi t i on t  i n t oChange {  
34    t . sour ce = st at e;  
35    canoni cal . append( t ) ;  
36  }  
37}  
 

Or i gi nal  Chr omosomes:  
   1 211 102 301 
   2 201 112 

Canoni cal i zed Chr omosome:  
      1 102 211  

sm canoni cal  {  
  s t at e1:  
   {  c l i ( )  }  ==> st at e2;  
 
  s t at e2:  
   {  s t i ( )  }  ==> st at e1;  
}  
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� �� �� 	; �	�� � 	� �" � � ��� � 	� � � � " � � 	� ��	� � 	�� � 	� �� � �	� �� �� 	�� � � � ���� � � 	�� 	� � � � 	� 	� � 
 � � � 	� �� �� 	� � 	; #		, � � 	� �" � � ��� � 	�� � � 	� � � � � � � 	
�� �� 	�� � � � �� ��� � 	� � � 	�� �� � 	
 � � 	 ��� � 	; � %#	

<�� � 	; � 	&� " �� � 	��� � � ��� " 	�� � � 
 " � 	�� � 	�� � � � ���� � � 	�� 	r esul t #		9� � 	� � � � 	�� � � � ���� � 	�� 	r esul t �	�� � 	� �" � � ��� � 	� 
 � �		
�� +� 	 �� � 	 �� � � � ���� � � 	 � � � � 	 �� � 	&
 � +� �	� � � � �� �� � 	&� 	�� � 	 �� � � � ���� � )� 	� � � ��� � ��� � 	 � � � 	 � � � � � � 	 �� � � 	 �� 	r esul t 	 ��� � 	$� %	
��+� 	��	� �� 	� � � 	�� � 	� �� � �	� �� �� #		1�	' ���	� � �	� � � � � � 	�� � 	�� � � � ���� � � 	�� � �	� �� � 	� � � � 	�� � 	� � � � � 	� �� �� �	� � � 	' ���	��	�� � � � �� �� 	�� � 	
� � � ��� � ��� � 	�� 	��	�� 	�� � 	� � � � � 	� �� �� #		, � �� 	�� 	&� � � 
 � � 	4 � �+	� � � � � 	� � � � 	' � � 	� � 	� �" � ��� �� " 	�� 	� 
 	�� � �	� 	�� � � � ���� � 	� � � 
 �� 	
� � ��	 � � 	 � � � � � 	 ' � � � 	 �� �" " � � � � #	 	9�� � ��� �	 �� � 	 �� � � � ���� � )� 	 � � � ��� � ��� � 	 �� 	 �� � � � �� �� � 	 �� 	 �� � 	 � � � � � �� � ��/ � � 	 � �� �� 	  ��� � 	$� %#		
4 � �� 	 �� � �	r esul t 	 ' ���	&� 	" � � ' �� " 	� 
 � �� " 	�� � 	 ��� � � ��� � �	 � � 	 ��	 �� 	 � � � � � � � � � 	 �� � �	 �� � 	 �� � � 	 � . ��	 � � � � ���� � 	&� 	� � � �
 � �� � 	
� � � � � �� � ��� #		- �� � 	� � �� 	�� � �	� � �� 	� � � � � � &�� 	� �� �� � 	' ���	&� 	�� � �
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i nt  bug1( )  {  
c l i ( ) ;   
r et ur n 0;  

}  
  

i nt  bug2( )  {  
i nt  x ;  
c l i ( ) ;  
 
i f  ( x)  
  r et ur n - 1;  
 
s t i ( ) ;  

}  
 
i nt  bug3( )  {  

c l i ( ) ;  
s t i ( ) ;  
c l i ( ) ;  
r et ur n 0;  

}  
  

i nt  ok1( )  {  
c l i ( ) ;  
s t i ( ) ;  
r et ur n 0;  

}  
  

i nt  ok2( )  {  
i nt  x ;  
                                                                                
c l i ( ) ;  
  
i f  ( x)  {  
  s t i ( ) ;  
  r et ur n - 1;  
}  
s t i ( ) ;  
r et ur n 0;  

}  
  

i nt  ok3( )  {  
i nt  x ;  
i f  ( x)  
  r et ur n 1;   
r et ur n 0;  

}  

bug1: 2 
bug2: 10 
bug3: 19 
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sm i nt er r upt  {  
  s t at e1:  
   {  c l i ( )  }  ==> st at e2;  
   |  {  s t i ( )  }  ==> st at e2;  
  
  s t at e2:  
   $end_of _pat h$ ==>  
     er r or ( “ Di d not  r est or e i nt er r upt s" ) ;   
   |  {  s t i ( )  }  ==> st at e1;  
   |  {  s t i ( )  }  ==>  
     er r or ( “ Di d not  r est or e i nt er r upt s" ) ;   
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i nt  ok4( )  {  
  i nt  f l ags;  
  c l i ( ) ;  
  r est or e_f l ags( f l ags) ;  
}  
  
i nt  bug4( )  {  
  i nt  f l ags;  
  c l i ( ) ;  
  r est or e_f l ags( f l ags) ;  
  c l i ( ) ;  
  r et ur n 0;  
}  
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 St ar t �  
  c l i ( ) ;  
  swi t ch( at t r i b- >val ue- >t ype)  {  
    . . .  

  def aul t :  

   I RDA_DEBUG( “ Unknown val ue t ype! \ n" ) ;  
 Er r or ����   
   r et ur n - 1;  
  }  
  s t i ( ) ;  
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